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PREFACE. 


During  the  last  few  years  the  condition  of  Physical  Science  in  this  country 
has  been  essentially  changed.  Concretely,  science  has  received  more  ample 
recognition  from  the  State,  and  from  the  Public  at  large,  than  ever  before  : 
individually,  each  science  has  progressed  rapidly ;  discoveries  have  multiplied 
as  the  number  of  science-students  has  augmented ;  and  the  results  of  research 
have  been  disseminated  by  means  of  more  complete  and  extensive  courses  of 
scientific  instruction  in  our  Universities  and  Schools.  In  fact,  science  is  alto- 
gether less  esoteric  than  it  used  to  be :  it  has  ceased  to  be  the  study  of  the 
chosen  few,  and  it  thus  happens  that  the  language  which  it  adopts,  is  being 
received  more  and  more  into  the  language  of  every-day  life.  We  must  remem- 
ber, however,  that  the  facts  and  deductions  of  science  accumulate  very  quickly, 
and  are  often  of  a  complex  and  recondite  character,  particularly  in  the  form 
in  which  they  are  first  presented  to  the  world  by  those  who  discover  or 
elaborate  them;  hence  they  ever  require  to  be  simplified  and  popularised 
before  they  can  enter  into  the  general  literature  of  a  community.  The  secrets 
of  Nature  do  not  come  to  us  in  a  direct  manner,  for  the  natural  philosopher  is 
Naturx  minister  et  interpres^  and  the  interpretation  of  Nature  is  science,  and 
the  interpreters  of  science  are  scientific  works.  To  be  such  is  the  object  of 
the  following  pages,  and  with  this  in  our  view  we  have  given  as  complete  an 
account  as  the  space  permits,  of  the  more  strictly  experimental  sciences, 
divested  as  much  as  possible  of  abstruse  treatment  and  difficult  formulae. 
Recent  results  and  generalisations  have  been  added,  and  each  science,  although 
scattered  throughout  the  book,  is  connected  and  complete  in  itself.  Ready 
reference  has  been  facilitated  by  breaking  up  a  subject,  whenever  it  could  be 
done  without  detriment ;  and  frequent  cross-references  have  been  introduced, 
both  for  the  maintenance  of  continuity,  and  for  guiding  the  mind  to  collateral 
subjects. 


via 


PREFACE. 


The  abstract  sciences  of  Algebra,  Geometry,  &c,  and  the  classificato 
sciences  of  Botany,  Zoology,  &c.,  are  not  within  the  scope  of  this  work,  whi^ 
is  confined  to — 

1.  Astronomy. 

2.  The  Sciences  usually  included  under  the  term  Physics,  viz..  Static 
Dynamics,  Mechanics,  Hydrostatics,  Hydrodynamics,  Pneumatics,  Sounc 
Light,  Heat,  Electricity,  Magnetism,  Meteorology. 

3.  Chemistry. 

Astronomy  enters  the  domain  of  the  abstract  sciences ;  Chemistry  that  o 
the  classificatory  sciences ;  the  wide  gap  between  the  two  is  filled  by  Physici 
proper.  The  classificatory  sciences,  both  inorganic  and  organic,  will  form  the 
subject  of  other  works  in  this  series. 

During  the  passage  of  this  work  through  the  press  no  scientific  discoveries 
of  importance  have  been  made.    We  have,  however,  thought  it  advisable  to 
introduce  abstracts  of  several  of  the  papers  which  were  read  at  the  Liverpool 
meeting  of  the  British  Association  for  the  Advancement  of  Science,  held  in 
September  last ;  together  with  notices  of  articles  in  various  recent  numbers  of 
scientific  periodicals.    We  therefore  believe  that  the  following  pages  contain 
a  full  record  of  the  results  of  scientific  research  during  the  major  part  of  the 
year  1870.     In  addition  to  the  subject-matter  given  with  the  List  of  Contri- 
butors, may  be  mentioned  various  articles  relating  to  molecular  physics  and 
theoretical  chemistry,  by  Mr.  Tomlinson  and  Mr.  Bottomley.    The  Editor  also 
desires  to  express  his  acknowledgments  to  Mr.  W.   F.   Barrett,  Professor 
Heaton,  and  Mr.  G.  T.  Atkinson.    The  article  on  Musical  Intervals  is  the 
joint  work  of  Mr.  Wormell  and  Mr.  Murby.    The  Introductory  Essay  relates 
mainly  to  various  subjects  of  interest  connected  with  the  earlier  history  of  the 
sciences  of  which  this  work  treats ;  their  later  history  and  present  aspect  will 

be  found  in  the  text  itself. 

G.  F.  RODWELL 


ON  THE 

HISTORY  OF  THE  PHYSICAL  SCIENCES. 


It  is  unnecessary  to  give  here  a  complete,  or  even  very  connected  history 
oif  the  Physical  Sciences,  because  the  succeeding  pages  of  this  work  con- 
tain the  principal  historical  data  connected  with  the  various  sciences 
which  we  have  there  discussed.  Thus,  it  would  be  a  waste  of  space,  and 
of  the  reader's  time,  if  we  were  to  do  more  than  refer  to  the  astronomical 
system  of  Copernicus,  or  to  the  principle  of  Archimedes,  because  under  the 
headings,  Copernican  System^  and  Archimedes,  Principle  of,  the  desired 
information  wiU  be  found.  Although  the  facts  belonging  to  each  science 
are  of  necessity  scattered  throughout  the  work,  the  historical  portion  of 
the  subjects  wiU  be  usually  found  under  the  heading  of  the  science,  as,  for 
example,  under  Astronomy,  Heat,  Mechanics,  Electricity,  Meteorology,  We 
propose,  therefore,  to  consider  here  certain  points  of  historical  interest 
which  do  not  come  within  the  scope  of  the  after-part  of  the  work, — such 
as  the  Physical  Science  of  the  Ancients,  and  the  causes  which  have 
retarded  the  progress  of  science. 

Of  the  Physical  Science  of  the  Ancients. 

All  mental  action  is  resolvable  into  two  distinct  modes ;  there  are  pos- 
sible to  us  two  definite  forms  in  which  we  can  exercise  our  intellects. 
The  first  of  these  is  an  action  of  pure  subjective  reasoning,  an  action 
neither  external  to  the  mind,  nor  induced  nor  actuated  by  external  causes, 
but  essentially  intrinsic,  by  means  of  which  we  ascertain  the  nature  of  the 
laws  of  thought,  classify  and  analyse  them,  and  assign  special  functions  to 
them.  The  second  is  an  objective  action,  an  action  induced  by  external 
causes,  and  by  that  which  is  capable  of  direct  recognition  by  the  senses. 
We  are  prepared,  therefore,  to  find  that  philosophy  has  in  all  ages  been 
divided  into  two  distinct  parts ;  the  one  having  reference  to  the  investiga- 
tion of  the  laws  of  thought,  and  to  influences  imseen  and  incapable  of 
direct  recognition  by  the  senses ;  the  other  relating  to  the  investigation  of 
nature,  to  the  study  of  the  material  universe,  the  laws  which  govern  it, 
and  their  manner  of  operation.  The  former  kind  of  philosophy  is  some- 
times called  Metaphysics,  the  latter  Physics  {^Utg,  nature). 


HISTORY  OF  THE  PHYSICAL  SCIENCES. 


Socrates  was  the  first  to  introduce  mental  philosophy  into  Greek  philo- 
sophy.   His  disciple  Plato  called  the  philosophy  of  mind  "  difidectics/'  and 
distinguished  it  from  physics,  as  the  science  of  the  eternal  and  immutable, 
from  the  science  of  the  mutable.    Aristotle  called  the  Platonic  dialectics 
in  an  extended  form,  ''the  first  philosophy,"  and  physics,  "the  second 
philosophy."    The  term  metaphysics  did  not  appear  in  philosophy  until 
long  after  the  time  of  Aristotle;   it  was  introduced  by  Andronicus  of 
Ehodes  (b.c.  58),  (one  of  hia  many  commentators),  who  prefixed  the  words, 
r&  fura  t&  ^u(fixd  to  fourteen  books  without  title,  which  he  found  among 
the  MSS.  of  Aristotle.    The  term  has  been  since  retained  in  spite  of  its 
want  of  applicability. 

Metaphysics  and  Physics  have  always  been  more  or  less  connected,  and 
at  an  early  period,  the  distinction  between  them  was  less  obvious  than  it 
has  since  been.     In  the  first  ages  of  philosophy,  the  two  were  closely 
blended;  in  a  later  age  they  were  entirely  dissevered;  later  again  there  was 
a  slight  union  of  the  two  at  certain  points  of  contact  which  had  not  before 
appeared.    There  was  undoubtedly  a  crude  form  of  physical  philosophy 
coeval  with  the  rise  of  mental  philosophy ;  but  the  former  can  scarcely  be 
said  to  have  existed  for  more  than  two  centuries.     Compared  with  the 
philosophy  of  mind,  the  philosophy  of  matter  is  essentially  modem.  There 
were  vast  and   exhaustive  treatises  on  the  one,  before  the  other  had 
received  any  development  whatsoever.     In  the  Platonic  philosophy,  we 
find  the  grandest  development  of  a  pure  philosophy  of  mind,  but  at  this 
time,  and  twenty  centuries  later,  there  was  no  physical  system  which 
could  pretend  to  any  degree  of  completeness. 

The  pre-Socratic  phUosphers  made  many  attempts  to  amve  at  the 
causes  of  natural  phenomena,  and  to  find  an  explanation  in  nature  of  the 
complex  machinery  of  the  universe.    We  observe  in  the  earlier  systems  a 
very  marked  tendency  to  assign  a  first  place  to  some  one  entity ;  a  primal 
element,  from  which  all  others  emanata     Thus  Thales  considered  water 
the   first   element ;    Anaximenes,   air ;    and    Heraclitus,   fire.      Thales 
(640-550  B.C.)  has  been  called  the  "first  of  Natural  Philosophers,"  and  by 
Lactantius,  "the  first  who  inquired  after  Natural  Causes."     He  taught 
that  everytlung  is  produced  from  water,  and  returns  to  it  again,  and  that 
the  earth  floats  upon  water.    He  said  that  the  soul  is  xinirixh¥,  that  is, 
having  the  power  to  move,  and  that  hence  rubbed  amber  and  the  load- 
stone have  souls,  because  they  are  capable  of  attracting,  the  one  light  sub- 
stances, the  other  iron.  This  idea  of  the  soul  of  inanimate  things  appeared 
very  prominently  many  centuries  later  in  the  writings  of  Jerome  Cardanus 
and  others.    Again  the  idea  that  water  might  become  earth  was  very 
generally  received  for  more  than  twenty  centuries  after  the  time  of  Thales; 
among  those  who  wrote  on  the  subject  may  be  mentioned  Van  Helmont, 
Boyle,  Eller,  Kraft,  Hales,  Duhamel,  Stahl,  Boerhaave,  Margraaf,  and 
Lavoisier.     So  late  as  1770,  Lavoisier  published  a  paper  in  the  Memoirs  of 
the  French  Academy y  "on  the  Nature  of  Water,  and  the  experiments  by 
which  it  has  been  attempted  to  prove  the  possibility  of  changing  it  into 
earth,"    In  this  he  clearly  disproved  the  Thalesian  dogma,  by  showing 
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that  if  water  were  boiled  for  a  length  of  time  in  a  glass  vessel,  the  earthy 
substance  which  was  found  at  the  bottom  of  the  water  did  not  result 
from  the  conversion  of  water  into  earth,  but  from  the  disintegration 
of  the  substance  of  the  vessel  Some  went  so  far  as  to  assert  that 
water  hardened  by  long  frost  becomes  rock  crystal.  Boerhaave  devotes 
a  passage  in  his  Ulementa  Chemice  (1732)  to  answering  the  question^ 
**  Whether  water  be  convertible  into  earth,"  and  he  decides  in  the  nega- 
tive. It  was  also  believed  that  water  by  boiling  was  converted  into  air ; 
in  fact,  that  whUe  some  became  earth,  another  portion  of  it  became  air. 
Many  experiments  were  made  with  a  view  of  proving  or  disproving  this 
notion.  These  facts  show  us  that  at  a  comparatively  late  period  some 
of  the  physical  ideas  of  the  ancient  philosophers  were  admitted. 

Anaximenes,  a  disciple  of  Thales,  regarded  air  as  the  primal  element,  and 
considered  clouds  to  result  from  the  condensation  of  air,  rain  from  the 
condensation  of  clouds,  and  hail  from  the  condensation  of  rain.  He 
appears  further  to  have  regarded  cold  as  an  action  of  condensation,  and 
heat  as  an  action  of  rarefaction. 

In  defining  his  primal  element, — fire, — Heraclitus  (about  B.c.  513) 
to  a  certain  extent,  described  the  attributes  of  what  has  since  been  called 
a  physical  force.  It  is,  he  says,  perpetually  undergoing  transformation, 
but  ultimately  returns  to  its  original  form ;  it  is  precedent  to  matter,  and 
is  the  motive  power  of  the  universe,  and  the  producer  of  all  the  phenomena 
of  nature.  The  most  perfect  idea  of  a  force  influencing  matter,  and  pro- 
ducing phenomena  by  material  changes  is  undoubtedly  to  be  found  in  the 
theosophy  of  the  ancient  Hindus,  for  firahme  personifies  the  actuating  force 
of  the  universe,  the  wish,  will,  action,  of  the  First  Cause  exercised  in  nature. 

The  Pythagoreans  somewhat  refined  the  ideas  of  their  predecessors  by 
introducing  the  notion  of  the  existence  of  harmony  and  order  in  the 
affairs  of  natura  The  Pythagorean  philosophy  was,  however,  so  exces- 
sively mystical  and  esoteric,  that  it  is  impossible  to  say  in  what  light 
these  ideas  were  viewed.  Pythagoras  (540-500  b.c.)  is  said  to  have  first 
introduced  mathematics  into  philosophy,  in  order  to  abstract  the  soul  from 
corporeals,  and  cause  it  the  better  to  contemplate  and  comprehend  the 
incorporeal  and  eternal.  He  also  first  employed  the  term  Philosophy 
— the  love  of  wisdom,  and  wisdom  is  the  science  of  truth.  The  Pytha- 
goreans are  said  by  some  to  have  regarded  the  sun  as  the  centre  of 
the  universe,  and  to  have  taught  that  from  it  heat  and  light,  and  indeed 
life,  radiate  into  the  world. 

Empedocles  (440  B.C.),  instead  of  giving  prominence  to  some  one  ele- 
ment after  the  manner  of  many  of  his  predecessors,  admitted  the  existence 
of  four  elements, — earth,  water,  air,  and  fire, — ^which  are  acted  upon  by 
two  forces,  the  one  attractive,  the  other  repulsive.  Thus  he  united  the 
corporeal  elements  of  former  philosophers  with  the  moving  and  actuating 
force  of  Heraclitus.  This  association  of  force  with  matter  is  an  important 
step  in  the  direction  of  a  complete  physical  system.  The  four-element 
theory  was  almost  universally  adopted  during  the  Middle  Ages,  and  even 
so  late  as  a  century  ago,  it  was  accepted  more  or  less  widely.    Thus,  it 
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endured  for  twenty-three  centuries.  It  was  not  finally  disproved  until 
earth,  water,  and  air  were  proved  by  chemical  analysis  to  be  compound 
bodies,  while  fire  was  shown  to  result  &om  intense  chemical  combi- 
nation. 

The  idea  that  all  things  are  composed  of  minute  indivisible  particles  or 
atoms,  seems  to  have  originated  in  India  long  before  its  introduction  into 
the  philosophies  of  Leucippus  and  Democritus.  Kanada,  the  founder  of  the 
Kyaya  System  of  Hindu  philosophy,  taught  that  all  material  substances 
exist  first  as  atoms,  and  afterwards  as  aggregates  of  atoms.  At  the 
creation  the  atoms  fell  together  to  produce  air,  then  fire;  a  greater  conden- 
sation produced  water,  and  the  greatest  eartL  Democritus  (460  ac.) 
taught  that  all  matter  is  composed  of  indivisible  particles,  which  are 
impenetrable,  and  differ  from  each  other  in  weight,  form,  and  size,  but 
not  in  composition.  The  production  of  material  forms  is  due  to  dif- 
ferent arrangements  of  these  atoms,  which  are  actuated  by  necessity  or 
fate  (Avdyxfi).  They  are  invisible  by  reason  of  their  smaUness,  indivisible 
by  reason  of  their  solidity,  and  unalterable.  They  are  infinite  in  number 
and  various  in  form.  They  possess  an  oblique  motion  in  the  vacuum,  and 
when  they  fall  together,  by  their  collision  and  entanglement,  they  produce 
all  things.  Democritus  asserted  that  there  is  a  vacuum  in  nature,  other- 
wise motion  of  the  atoms  would  be  impossible,  because  there  would 
be  no  place  to  receive  them.  Centuries  later,  this  question  was  discussed : 
on  the  one  side,  the  Flenists  asserted  that  a  vacuum  (or  space  perfectly 
devoid  of  matter)  was  an  impossibility ;  while,  on  the  other,  the  Vacuists 
maintained  that  a  vacuum  was  possible,  and  could  be  produced  by  artifi- 
cial means.  Among  the  Vacuists  were  Otto  von  Guericke,  Pascal,  and 
Boyle ;  and  among  the  Plenists,  Mersennus,  Hobbes,  and  the  Cartesians. 
Boyle  (writing  in  1662)  describes  the  latter  as  "  the  subtilest  and  wariest 
cJmpioDs  for  a  plenum  I  have  yet  met  witL" 

Anaxagoras  (b.c.  500)  to  a  certain  extent  united  the  tenets  of  preceding 
phOosophies,  and  introduced  a  designing  intelligence  (vovi)  as  the  govern- 
ing cause  of  the  universe,  and  the  producer  of  all  motion.  Before  the 
creation,  there  was  a  chaos  of  intermingled  particles  of  matter,  wliich  were 
arranged  in  an  orderly  manner  by  the  vortical  motion  of  the  wDc,  by  which 
means  like  parts  (o/iMo/iiguou)  were  brought  together  into  one  place,  and 
aggregated  into  masses.  The  wDg  is  strictly  "a  mover  of  matter;"  it  took 
the  place  of  the  dfdyxti  of  Democritus,  the  actuating  force  of  fire  of  Hera- 
cUtus,  the  moving  force  of  Empedocles.  The  ofuiofu^iiou  to  a  certain  extent 
represent  the  atoms  of  Leucippus  and  Democritus.  According  to  some 
writers,  Anaxagoras  was  the  first  to  introduce  the  idea  of  a  rapidly 
moving  subtle  medium,  or  ether,  as  the  cause  of  various  phenomena. 
This  idea  has  from  the  earliest  ages  been  inseparable  from  Physical  Philo- 
sophy; it  was  admitted  in  both  the  Sanch'ya  and  Nyaya  systems  of 
Hindu  philosophy,  and  by  various  Greek  philosophers,  notably  Aristotle, 
who  made  it  a  fifth  element.  In  the  present  day,  this  notion  of  the  ether 
is  admitted  more  fully  than  ever  before. 

Socrates  {b.  469  B.a)  did  not  admit  physical  science  into  his  system ;  he 
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asserted  that  it  was  unwise  to  leave  those  affairs  which  directly  concern 
man,  in  order  to  study  those  which  are  external  to  him.  Natural  pheno- 
mena are  beyond  the  reach  of  man,  and  beyond  his  knowledge ;  hence  the 
endless  controversies  concerning  the  first  element  and  the  manner  of 
creation.  Again,  even  if  a  knowledge  of  the  causes  of  natural  phenomena 
could  be  gained,  it  would  be  perfectly  useless,  because  we  cannot  produce 
them  or  modify  them.  If  we  knew  the  causes  of  the  seasons  never  so 
well,  we  could  not  alter  them.  As  far,  however,  as  these  studies  conduce 
directly  to  the  advantage  of  mankind,  they  may  be  followed;  thus, 
geometry  applied  to  measuring,  and  astronomy  in  so  far  as  it  is  useful  to 
navigation,  were  allowed  as  legitimate  studies  by  Socrates,  but  he  deemed 
it  idle  speculation  to  inquire  into  the  nature  and  distance  of  the  stars.  The 
object  and  end  of  all  philosophy  should  be  a  knowledge  of  one's  self  (ywtf/ 
tnaurSit) ;  aU  other  philosophy  is  useless,  and  does  not  promote  the  wel- 
fare of  the  human  race. 

In  the  philosophy  of  Plato  (6.  429  B.C.),  we  find  a  completion  of  the 
Socratic  philosophy,  and  to  a  certain  extent  the  union  of  previous  philoso- 
phical systems.  St.  Augustine  (JDe  Civitate  Dei,  lib.  viiL)  says  that  philo- 
sophy concerns  itself  either  with  the  practice  of  moral  actions,  or  with  the 
contemplation  of  physical  causes.  Pythagoras  had  excelled  in  the  latter, 
Socrates  in  the  former,  while  Plato  produced  a  complete  and  perfect  union 
of  the  two.  Matter,  according  to  Plato,  is  that  which  receives  forms,  as 
a  wax  tablet  receives  impressions ;  it  is  potentially  a  definite  thing,  just  as 
brass  is  potentially  a  statue,  because  it  can  assume  the  form  of  the  statue. 
"  Posuerunt  enim  Materiam  tanquam  publicam  meretricem,"  says  Francis 
Bacon,  in  speaking  of  ancient  philosophy,  '^/otthos  vero  tanquam  procos." 
Plato  taught  that  the  earth  is  the  centre  of  the  universe,  and  this  notion 
formed  the  basis  of  the  astronomical  system  of  Ptolemy,  which  prevailed 
for  many  succeeding  centuries.  The  shape  of  the  earth  is  that  of  a  sphere 
— ^the  most  perfect,  the  fairest  and  most  uniform  of  figures;  and  its 
motion  is  circular,  the  most  perfect  form  of  motion.  Plato  admitted  the 
four-element  theory,  and  classed  all  animate  beings  as  creatmres  of  fire  or 
light,  of  air,  of  water,  of  earth. 

Aristotle  (6.  385  B.c.)  wrote  more  voluminously  on  physical  philosophy 
than  any  of  his  predecessors.  Theodorus  calls  him  the  "perfecter  of 
physics."  To  the  four  elements  of  his  predecessors  he  added  a  fifth, — ^the 
qwinta  essentia,  or  fifth  essence,  more  divine  than  the  others,  a  subtle 
medium  in  perpetual  circular  motion,  and  conferring  motion  upon  the 
other  elements.  The  earth  is  a  sphere,  and  is  the  centre  of  the  universe, 
then  comes  the  sphere  of  the  planets,  in  which  he  includes  the  sun  and 
moon,  then  the  heaven  of  fixed  stars,  which  is  near  to  the  Moving 
Cause.  The  completion  of  everything  is  the  appearance  in  full  actuality 
(iHgytsa)  of  all  that  it  potentially  possesses.  Matter  and  form  pass  into 
each  other.  In  his  work  on  "  Meteors,"  Aristotle  classes  comets,  rain,  mist, 
and  dew,  together  as  meteors.  Mist  is  caused  by  the  condensation  of  the 
vapour  in  the  air  into  very  small  drops,  and  the  aggregation  of  these  produce 
the  larger  drops^  which  constitute  rain.  Dew  is  caused  by  the  condensation 


xiy  HISTORY  OP  THE  PHYSICAL  SCIENCEa 

of  vapour  a  short  distance  above  the  eartL  light  is  an  efTect  produce^ 
in  a  thin  medium,  and  is  by  it  conveyed  to  us ;  sound  is  a  motion  of  the  ai 
conveyed  to  the  ear;  echo  is  reflected  sound,  and  light  is  capable  of  simila 
reflection.  The  physical  philosophy  of  Aristotle  prevailed  almost  univer 
sally  during  the  Middle  i^es. 

Among  the  ancients  there  was  no  real  physical  science.    We  have  re- 
cord of  a  few  detailed  experiments,  such  as  the  observation  of  Thales^  that 
rubbed  amber  attracts  light  bodies,  the  proof  adduced  by  Anaximenes  to  show 
the  materiality  of  air,  and  the  notice  of  a  few  magnetic  efiects  given  by 
Lucretius ;  but  these  were  solitary  examples,  and  led  to  no  result.     Many 
philosophers  openly  expressed  their  contempt  for  a  philosophy  which  did 
not  directly  concern  man :  it  is  possible,  they  said,  to  improve  the  con- 
dition of  man  and  ennoble  his  mental  faculties  by  our  ethical  and  logical 
systems,  why  therefore  should  we  go  out  of  our  way  to  study  nature, 
whose  actions  and  operations  we  can  never  influence  ?     Why  should 
we  study  the  stars  while  we  neglect  that  which  is  under  our   feet  ? 
Human    philosophy   was    always    placed    before    natural    philosophy. 
Diogenes    Laertius    says,    that    in   philosophy    we    have    Logic    first. 
Ethics  second,  and  Physics  last,  because  the  two  former  prepare  the 
mind  for  a  right  contemplation  of  the  latter,  since  Nature  is  the  more 
divine.     Some  have  compared  philosophy  to  an  orchard  full  of  all  manner 
of  fruit ;  in  which  Physics  represents  the  trees,  Ethics  the  ripe  fruit,  and 
Logic  the  strong  fence.     Possidonius  likens  it  to  a  living  creature,  of  which 
Physics  represents  the  blood  and  flesh.  Logic  the  nerves.  Ethics  the  souL 
It  must  be  confessed  that  these  comparisons  are  singularly  inappropriate. 

The  ancients  made  progress  in  mathematical  and  observational  sciences : 
thus  astronomy  and  geometry  received  considerable  development  in  their 
hands.    Astronomy  undoubtedly  originated  in  Chaldea,  and  it  was  studied 
by  the  Egjrptians,  the  Chinese,  and  the  Hindus,  at  a  very  early  date.    The 
science  passed  from  Egypt  into  Greece.    Thales  determined  the  length  of 
the  solar  year,  and  is  said  to  have  calculated  ecUpses.    Pythagoras  asserted 
the  spherical  form  of  the  earth,  while  Meton,  or  his  immediate  successors, 
invented  the  metonic  cycle.     Hipparchus  made  a  number  of  astronomical 
researches ;  indeed,  it  is  wonderful  that  he  did  so  much  without  the  aid  of 
the  telescope,  for  he  determined  with  some  accuracy  the  motions  of  the 
sun  and  moon,  and  discovered  the  precession  of  the  equinoxes.    Ancient 
astronomy  closes  with  Ptolemy,  whose  system  was  universally  accepted 
during  the  Middle  Ages,  and  until  the  time  of  Galileo. 

In  the  hands  of  Archimedes  several  sciences  had  their  origin,  among 
them  Mechanics  and  Hydro-mechanics.  He  wrote  on  the  centre  of  gravity, 
and  some  of  the  mechanical  powers :  and  we  ^et  find  in  our  text-books  the 
Principle  of  Archimedes,  which  aflSrms  that  when  a  body  is  immersed  in  a 
hquid  it  loses  a  portion  of  its  weight  equal  to  the  weight  of  the  liquid 
which  it  displaces.  Archimedes  was  followed  by  Ctesibius  and  Hero  of 
Alexandria.  The  invention  of  the  force  pump  is  ascribed  to  the  fonner, 
while  the  latter  reduced  all  machines  to  combinations  of  the  five  mechanical 
powers  {AwoMug),  a  division  which  we  still  retain.     In  the  lytv/iarnut  of 
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Hero  we  find  an  account  of  various  machines.  The  elasticity  of  the  air 
was  well  demonstrated  in  Hero's  fountain,  actuated  by  compressed  air. 

The  four-element  theory  is  imdoubtedly  the  oldest  and  most  enduring 
idea  which  has  appeared  in  the  whole  history  of  scienca  We  must  be 
careful,  however,  not  to  confer  upon  it  a  too  limited  significance.  The  ele- 
ments, fire,  air,  water,  and  earth,  were  not  regarded  in  their  strictly  literal 
sense  by  the  ancients,  but  rather  as  types  of  classes,  and  some  such  rude 
classification  must  of  necessity  exist  in  the  early  stages  of  physical  inquiry. 
With  firt  they  classed  light,  heat,  flame,  incandescent  bodies,  lightning, 
and  all  visible  manifestations  of  electricity.  With  air^  steam,  smoke, 
and  everything  of  an  aeriform  nature.  All  liquids  were  classed  with 
the  element  water;  and  all  solids  were  classed  with  earth.  Thus  the 
four  ancient  elements  were  types  of  great  classes,  which  in  their  entirety 
comprehended  the  universe ;  they  typified  the  three  conditions  of  matter, 
solidity,  liquidity,  gaseity,  while  the  physical  force  exercising  itself  upon 
matter, — the  something  more  ethereal  and  divine  than  matter — ^was  repre- 
sented by  fire.  The  ancients  feigned  that  Prometheus  had  climbed  to 
heaven  and  stolen  fire  therefrom  with  which  he  vivified  mankind,  and  the 
function  of  fire  in  their  physical  systems  is  well  exemplified  by  this  story. 
Fire  was  the  soid,  while  air,  water,  and  earth,  together  constituted  the 
body. 

The  ancients,  we  repeat,  possessed  no  system  of  experimental  science, 
nor  did  they  ever  attempt  to  institute  or  develop  such  a  system.  Nature 
piped  unto  them  as  she  pipes  unto  us,  but  their  ears  were  not  attuned  to 
the  sounds.  Yet  they  watched  the  various  phenomena  of  the  universe 
as  we  watch  them ;  the  ceaseless  round  of  change ;  the  ever  dying  of  the  old 
form,  the  ever  production  of  the  new.  They  traced  the  course  of  the  stars, 
and  created  great  systems  of  astrology  in  their  attempts  to  associate 
mundane  afiairs  with  supra-mundane  influence.  They  listened  to  the 
surging  of  the  restless  sea,  and  sought  to  account  for  its  motions.  They  fol- 
lowed the  sinking  sun  with  their  eyes  and  minds,  and  when  the  darkness 
came  they  fell  down  and  prayed  for  the  return  of  vivifying  light  and 
heat ;  they  greeted  his  rising  with  their  morning  prayers,  and  with  thanks- 
giving. When  storms  came  they  besought  the  gods  of  the  firmament  to 
spare  their  lives,  and  rested  till  the  terror  was  overpast.  They  were  full 
of  awe  of  the  powers  of  nature :  they  worshipped  fearing.  Their  worship 
of  nature  was  a  true  deisedaimonia. 

Physical  Science  during  the  Middle  Ages. 

Physical  Science,  in  common  with  all  other  subjects  requiring  an  exer- 
cise of  intellectual  power,  made  but  little  progress  during  the  Middle  Ages. 
The  system  of  Aristotle  was  almost  imiversaJly  received,  and  with  it  the 
four-element  theory.  There  was,  however,  one  notable  exception  to  this, 
for  there  had  arisen  a  sect  of  men  whose  pursuits  led  them  more  or  less 
directly  to  study  the  intimate  nature  of  matter,  and  the  conditions  of  its 
change  under  varied  and  forced  conditions.  These  weretheAlchemists,  whose 
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principal  object  was  the  transmutation  of  the  baser  metals  into  gold,  aii< 
as  secondary  pursuits,  the  discovery  of  an  universal  solvent,  and  of  ai 
elixir-vitse,  or  elixir  of  perpetual  life.  The  alchemists  rejected  the  four 
element  theory,  and  adopted  three  principles  which  they  called,  respec 
tively,  Sal,  Sulphur^  Mercurius.  These  represent  perfectly  the  four  moit 
ancient  elements ;  but  as  the  alchemists  delighted  in  mystery  they  ignored 
the  terms  of  the  ancients,  and  introduced  a  parallel  but  more  obscure  series 
of  words.  The  sal,  sulphur,  mercurius,  of  the  alchemists,  are  principles, 
not  substances,  principia  not  corpora ;  the  words  are  not  to  be  taken  in 
their  strict  sense,  they  are  analogues,  representative  bodies,  and,  like  the 
four  elements  of  the  ancients,  they  are  types  of  great  classea  Under  the 
term  sulphur,  the  principle  of  combustibility,  they  included ^r«;  air  and 
water  (gaseity  and  liquidity)  are  included  under  the  term  mercury,  while 
earth  is  included  under  the  term  salt,  the  principle  of  fixity  and  solidity. 

During  the  Middle  Ages  a  great  mass  of  superstition  and  false  science 
was  introduced  into  Europe  mainly  from  Eastern  nations,  and  for  many 
centuries  retarded  the  progress  of  science.    Alchemy  also  came  from  the 
East,  and  may  be  classed  with  the  other  great  delusions  which  in  all 
countries  are  found  at  some  period  or  other.     At  this  time  arose  many 
of  the  fifty-four  modes  of  divination  in  which  our  ancestors  put  faith  . 
less  than  two  centuries  ago,  and  in  some  of  which  a  not  inconsiderable 
number  of  our  contemporaries  believe.     Such  were  astrology,  necromancy, 
cheiromancy,  and  cephaleomancy.     Such  is  our  modem  spiritualism.    We 
have  traced  elsewhere  the  development  of  a  mystical  philosophy  of  the 
seventeenth  century,  in  which  will  be  found  many  superstitions  of  this 
nature.     Their  effect,  while  it  lasted,  was  extremely  detrimental  to  the 
advance  of  Physical  Science. 

There  were  but  few  writers  on  Physical  Science  during  the  Middle  Ages. 
Among  them  may  be  mentioned : — Ehases  (6.  840),  who  shed  great  lustre 
on  the  Academy  of  Bagdad,  which  at  this  time  was  very  important,  and 
is  said  to  have  possessed  observatories,  laboratories,  and  libraries.    He 
was  the  author  of  a  great  number  of  treatises  on  Astronomy  and  Chemistry, 
and  won  for  himseK  the  title  of  "  the  Experimenter."    Many  of  his  works 
have  never  been  translated,  and  are  buried  in  Madrid  in  the  hbrary 
of  El  Escorial  with  so  much  else  that  would  enlighten  us  in  the  matter  of 
Middle  Age  lore.    Avicenna  (J.  980),  was  learned  in  the  mathematical 
works  of  the  ancients,  and  in  the  Almagestum  of  Ptolemy  the  astronomer, 
to  which  he  added  certain  astronomical  observations ;  he  also  wrote  on 
alchemy  and  chemistry.    Alfonso  X.  King  of  Castile  (6.  1223,  L  1284), 
appears  to  have  been  a  most  exceptional  Middle  Age  monarch.     He  was  de- 
voted to  astronomy,  and  the  celebrated  "  Alfonsine  Tables  "  were  compiled 
during  his  reign,  and  imder  his  auspices.    In  the  eleventh  century  Alhazen,  . 
an  Arabian  mathematician,  \\Tote  a  treatise  on  Optics,  which  was  translated 
into  Latin  several  centuries  later.     Vitello,  a  Pole,  conmiented  on  this  work, 
on  a  treatise  written  in  1270,  and  added  many  optical  observations  of  his 
own ;  among  them  he  discussed  the  rainbow,  and  the  nature  of  the  refraction 
if  light.    Eoger  Bacon  (6.  1214,  d.  1292),  was  perhaps  the  greatest  experi- 
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menter  of  his  age,  and  one  of  the  very  few  lights  of  science  of  the  Middle 
Ages.  His  works  contain  an  account  of  various  optical  and  chemical 
experiments,  many  of  which  were  undoubtedly  acquired  from  Arabic 
sources.  His  most  important  work,  the  "Opus  Majus,"  was  not  pub- 
lished tiU  1733 ;  it  is  free  from  the  enigmatical  writing  which  charac- 
terises his  other  productions,  and  in  it  he  discusses,  with  singular  clear- 
ness and  force,  many  points  of  scientific  method  which  were  after- 
wards developed  in  the  Novum  Organum  of  his  great  namesake  Francis 
Bacon. 

Physical  Science  during  the  Sixteenth  CefnJtwry. 

The  sixteenth  century  is  not  very  notable  in  the  history  of  Natural 
Philosophy.  The  labours  of  many  men  who  were  eminent  in  the  scientific 
world  during  the  succeeding  century  were,  however,  commenced  at  the 
end  of  this  century;  and  it  must  always  be  associated  with  the  names  of 
Copernicus  and  Tycho  Braha  The  former  was  born  at  Thorn  in 
Prussia  in  1473,  and  his  great  work  on  astronomy  (Astronomia  In- 
staurata),  was  published  in  1543,  a  few  days  only  before  his  death. 
During  this  century  there  were  but  ten  supporters  of  the  Coper- 
nican  theory  in  Europe.  Tycho  Brahe  applied  himself  to  astronomical 
observation,  and  collected  together  a  great  mass  of  matter;  although 
unaided  by  the  telescope,  he  made  a  very  extensive  catalogue  of  stars, 
which  was  published  in  1602.  A  treatise  on  optics  by  Maurolycus 
of  Messina  appeared  in  1575,  which,  however,  scarcely  added  anythiug  to 
the  facts  described  by  Boger  Bacon  many  years  earlier.  Baptista  Porta, 
whose  Natural  Magic  was  published  in  1589,  invented  the  camera  obscura. 
Towards  the  end  of  the  century  Guide  Ubaldi  (6.  1540),  published  a 
work  of  some  importance  on  mechanics,  and  Stevinus  of  Bruges  (6.  1548) 
added  to  our  knowledge  both  of  mechanics  and  hydrostatics;  Jerome 
Cardan  and  Nicolas  TartagUa  also  wrote  on  mechanics.  Galileo,  whose 
name  we  meet  with  so  frequently  in  the  scientific  records  of  the  next 
century,  was  bom  in  1564,  and  before  the  end  of  the  century  had  dis- 
covered the  isochronism  of  the  pendulum,  and  the  laws  of  falling  bodies. 
The  most  important  work  on  physical  science  which  appeared  in  England 
during  this  period  was  Gilbert's  jDe  Magnete,  the  birth-place  of  the  sciences 
of  electricity  and  magnetism. 

Of  a  Mystical  Philosophy  of  the  SeverUeenUh  Century. 

During  the  fifteenth  and  sixteenth  centuries  several  imimportant  systems 
of  Physical  Philosophy  arose,  in  all  of  which  mystical  lore,  collected  from 
various  sources,  was  blended  with  Aristotelianism.  It  will  be  a  matter  of 
interest  to  discuss  in  some  detail  one  of  these  systems,  because  the  pro- 
gress of  Physical  Science  was  retarded  to  an  unknown  extent  by  these 
false  philosophies.  We  have  chosen  for  this  purpose  the  philosophy  of 
Eobert  Hudd  (J,  1574,  d.  1637),  which  was  one  of  the  last  efforts  of 
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eastern  mysticism  to  unite  itself  with  modem  thought  At  the  time 
when  Hudd  wrote,  Galileo  was  making  the  most  brilliant  discoveries  and 
laying  the  foimdation  for  exact  experimental  investigation,  while  Francis 
Bacon  was  writing  those  noble  works  which  have  guided  us  in  the  pur- 
suit of  science  to  this  day.  The  philosophy  of  Robert  Mudd  is  not  typical 
of  the  period  in  which  he  lived;  it  rather  typifies  the  thought  of  times  long 
past.  Mudd  was  not  a  very  staunch  conservative,  but  he  was  far  too  con- 
servative for  that  age  of  progress ;  in  a  very  few  respects  he  was  ahead  of 
his  contemporaries,  in  some  he  kept  pace  with  them,  but  in  many  he  lagged 
far  behind  them.  He  was  not  one  of  the  great  thinkers  of  his  day,  but  he 
was  a  man  of  the  most  varied  learning,  and  unwearied  in  his  labours ;  he 
was  called  the  searcher  in  that  he  was  ever  prying  into  the  secrets  of  nature, 
and  be  was  accounted  "strangely  profound  in  obscure  matters."  Briicker 
{" InstittUiones  Historice  Philosophicce")  says  of  him,  "Cum  imaginationis 
vehementia  fureret,  et  Paracelsica,  Cabbalistica,  Magica,  vetera,  nova,  in 
unum  confunderet,  quibus  tamen  baud  paucos  erudita,  et  a  naturali  ex- 
perientia  desumta  admiscuit." 

According  to  Fludd,  God  is  the  beginning,  the  end,  and  the  summation 
of  all  things.  The  act  of  creation  is  the  separation  of  the  active  principle 
(Voluntas  Divina)  represented  by  light,  from  the  passive  principle 
(Noluntas  Divina)  represented  by  darkness.  By  the  interaction  of  these 
principles  everytUg  is  produced.  The  nnivene  is  composed  of  four 
worlds :  the  archetypal  world  in  which  the  Deity  specially  manifests  him- 
self;  the  angelic,  inhabited  by  angels,  who  are  the  direct  communicators 
of  the  Divine  will ;  the  stellar,  containing  the  planets  and  all  the  heavenly 
bodies,  and,  lastly,  the  earth  and  the  creatures  which  inhabit  it.  These 
four  worlds  may  be  reduced  to  three — viz.,  the  archetypal  world,  the 
macrocosm,  and  the  microcosm,  or  God,  the  world,  man.  The  archetypal 
world  is  formed  of  three  manifestations  of  the  Deity  represented  by  the 
three  Persons  of  the  Trinity.  God  in  this  threefold  character  presents  the 
image  of  a  circle  (which  has  ever  been  the  symbol  of  perfection),  "  cujus 
centrum  est  in  omnibus,  circumferentia  extra  omnibus."  The  greater 
world  or  macrocosm  (/Mtx^hg  xocfug)  is  an  emanation  from  God,  and  is 
divided  into  three  regions  corresponding  to  the  three  Persons  of  the 
Trinity — viz.,  the  empyreal  region  occupied  by  angels ;  the  ethereal  region 
or  heaven  of  fixed  stars ;  and  the  elementary  region  occupied  by  the  earth* 
The  lesser  world  or  microcosm  (fiix^hg  xoafu>g)  is  man,  because  he  presents  a 
counterpai-t  of  all  the  parts  of  the  macrocosm.  The  head  corresponds  to 
the  empyreal  heaven,  the  breast  to  the  ethereal  heaven,  and  the  stomach 
to  the  elementary  region.  The  diflFerent  parts  of  the  macrocosm  have 
representatives  in  the  microcosm,  and  these  correspond  by  the  law  of 
sympathy,  and  necessarily  are  influenced  the  one  by  the  other.  This 
system  of  the  world  was  revealed,  according  to  Fludd,  by  the  Deity  to  the 
first  man,  and  by  him  transmitted  to  the  Patriarchs  and  Moses.  The 
three  great  philosophers  of  antiquity — Pythagoras,  Plato,  and  Hermes 
Trismegistus — adopted  it  from  the  Bible,  but  made  many  alterations  in 
reproducing  it.    Aristotle,  on  the  other  hand,  was  not  acquainted  with  the 
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sacred  writings ;  his  books  are  full  of  follies  and  errors,  and  he  has  been 
the  cause  of  infinite  heresies. 

It  will  be  noticed  above  that  Fludd  speaks  of  Hermes  Trismegistus  as 
one  of  the  three  greatest  philosophers  of  antiquity ;  and  from  the  frequency 
with  which  he  quotes  him  we  should  be  inclined  to  think  that  he  is  con- 
sidered the  greatest  of  the  three.  Hermes  Trismegistus  is  often  confounded 
with  the  Egjrptian  God  Thoth,  the  inventor  of  numbers  and  letters,  but 
they  are  distinct.  According  to  Clemens  Alexandrinus,  Hermes  was  an 
Egyptian,  and  the  author  of  forty-two  books  which  his  countrymen  treated 
with  the  most  profound  respect,  and  were  wont  to  carry  in  their  religious 
processions.  Thirty-six  of  these  (including  four  on  astrology)  contained 
all  the  philosophy  of  Egypt,  while  the  remaining  six  treated  of  medicine, 
anatomy,  and  the  cure  of  diseases.  In  the  temple  of  Hermes  at  Pselcis 
he  is  represented  with  a  staff  having  a  snake  turned  round  it,  from  which 
emblem  the  Caduceus  of  Mercury  may  have  been  derived.  Some  make 
Hermes  a  priest  and  philosopher,  who  lived  a  little  after  the  time  of  Moses ; 
others,  a  contemporary  of  Osiris.  However  all  this  may  be,  it  is  certain  that 
several  books  appeared  during  the  Middle  Ages  which  claimed  Hermes 
Trismegistus  as  their  author,  and  it  is  equally  certain  that  they  were 
written  by  Neo-Platonists  and  Gnostics  during  the  early  centuries  of  the 
Christian  Era.  Fludd  has  drawn  largely  upon  the  supposed  works  of 
Hermes;  his  cosmogony  is  nearly  the  same  as  that  of  Hermes;  and  much  of 
the  supernatural  machinery  which  he  introduces  is  derived  from  the  same 
source.  From  this  cause  the  philosophy  of  Fludd  is  strongly  tinctured 
with  Neo-Platonisra. 

We  are  inclined  to  regard  as  Fludd's  principal  work,  the  Historia  Macro- 
cosmi,  which  was  published  at  Oppenheim  in  1617  and  1618,  and  which 
we  will  consider  somewhat  in  detaiL  It  is  entitled,  "  Utriusque  Cosmi 
majoris  scilicet  et  minoris  metaphysical pJtysica,  atque  technica  historia"  and 
is  in  the  form  of  a  closely-printed  folio  full  of  copper-plates.  It  is  dedi- 
cated to  God,  as  was  not  uncommon  at  a  somewhat  earlier  period — "  Deo 
optimo  maximo,  Creatori  meo,  incomprehensibili,  sit  gloria,  laus,  honor, 
benedictio,  et  victoria  triumphalis,  in  secula  seculorum.  Ainen."  Then 
follows  a  dedication  to  James  I.  in  language  which  must  have  been 
rather  too  laudatory  even  for  that  vainest  of  monarchs.  After  this  we 
have  one  of  the  large  emblematical  designs  in  which  mystical  writers  took 
so  much  delight ;  a  design  in  which  the  earth  forms  the  centre  of  a  circle, 
while  cherubim  and  all  the  host  of  heaven  form  the  circumference.  Im- 
mediately around  the  earth  we  observe  three  circles  within  which  appear 
respectively  typical  products  of  the  animal,  vegetable,  and  mineral  king- 
doms as  adapted  by  art  to  the  uses  of  mankind ;  a  fourth  circle  contains 
types  of  the  liberal  arts,  a  fifth  of  the  mineral  kingdom,  a  sixth  of  the 
vegetable  kingdom,  a  seventh  of  the  animal  kingdom.  The  eighth  circle 
represents  the  sphere  of  air,  the  ninth  that  of  fire,  the  tenth  to  the  sixteenth 
the  circles  of  the  Moon,  Mercury,  Venus,  the  Sun,  Mars,  Jupiter,  and 
Saturn.  The  seventeenth  circle  encloses  a  quantity  of  stars,  and  is  called 
Coflum  Stellamm,  and  the  three  outer  circles  are  fringed  with  tongues  of 
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flame  and  contain  cherubim  and  seraphim.  At  the  limit  of  the  outermost 
circle  the  hand  of  God  is  seen  projecting  from  a  cloud,  and  leading  by  a 
chain,  Nature,  personated  by  a  human  form  bearing  the  sun  and  moon,  and 
girt  with  stars,  while  from  her  hand  depends  a  chain  by  which  she  leads 
an  ape  seated  upon  the  earth.  The  ape  personates  Art,  for  Fludd  elsewhere 
says,  " Naiura,  et  qus  simia  quam  artem  appellamiis"  It  can  well  be 
understood,  in  reference  to  this  emblematical  figure,  that  although  the 
world  is  not  more  than  an  inch  in  diameter  the  whole  figure  terminated  by 
the  circle  of  cherubim  extends  over  more  than  a  foot.  It  is  in  good  trutJi 
a  wonderful  mass  of  uncouth  symbolism,  and  many  such  are  found  in  the 
writings  of  iludd  and  of  the  mystics  of  his  schooL  After  the  symbolic 
design,  the  work  begins  in  good  earnest  with  an  account  of  the  creation, 
and  of  the  construction  of  the  macrocosm,  the  nature  of  the  empyrean, 
and  the  form  of  the  elements.  The  third  book  (or  chapter, 'hs  we  should  call 
it  now-a-days),  JDe  Mvsica  Mundana,  is  essentially  Pythagorean  in  character; 
in  it  Fludd  endeavours  to  prove  that  unity  and  rhythm  prevail  in  all 
things,  and  we  may  be  sure  a  chapter  on  the  music  of  the  spheres  is  intro- 
duced. Book  rV.  treats  "  of  the  creatures  of  the  Empyrean,"  and  in  this 
the  nature  of  demons  is  fully  discussed.  In  the  paragraph  relating  to  bad 
demons  we  find  such  sentences  as  the  following : — "  Accusing  and  calum- 
niatiug  demons  occupy  the  eighth  mansion,  whose  prince  is  called  Ash- 
taroth,  who,  active  and  filled  with  joy,  exaggerates  our  sins  before  Goi" 

Book  V.  treats  "  of  the  creatures  of  the  ethereal  heavens,"  and  we  find 
herein  Mudd's  ideas  regarding  the  origin  of  the  sun,  and  the  cause  of  the 
"  circular  movement  of  the  heavens,"  as  the  apparent  motion  of  the  sun 
was  then  called.  He  also  devotes  some  space  to  the  refutation  of  the 
Copemican  theory,  which  had  a  few  years  before  been  adopted  by  Gilbert 
of  Colchester  (of  *'  De  Magnete  "  fame),  to  his  honour.  The  remarks  which 
follow  in  the  next  chapters  about  thunder  and  lightning  and  meteors,  ap- 
pear to  be  taken  from  Lucretius  and  Pliny,  and  certainly  lack  any  origi- 
nality. The  second  part  of  the  Historia  is  devoted  to  a  technical  history  of 
the  macrocosm,  which  is  considered  in  the  following  order: — ^"  Of  Univer- 
sal Arithmetic,"  153  pp. ;  "  Of  Music,"  100  pp. ;  *'  Of  Geometry,"  31  pp. ; 
"  Of  Optics,"  23  pp. ;  **  Of  the  Art  of  Drawing,"  24  pp. ;  "  Of  the  MiKtary 
Art,"  89  pp. ;  "  Of  Motion,"  68  pp.  (containing  an  account  of  various 
machines  and  pieces  of  mechanism,  in  the  designing  of  which  Fludd  was 
said  to  be  proficient) ;  "  Of  Time,"  25  pp. ;  **  Of  Cosmography,"  28  pp. ; 
'*  Of  Astrology,"  156  pp. ;  and  "  Of  Geomancy,"  73  pp.  Note  the  signifi- 
cancy  of  the  extent  of  the  two  last-named  subjects.  Taking  the  whole 
work  of  more  than  900  folio  pages,  we  find  nearly  (me^sixth  of  the  space 
given  to  astrology;  or,  taking  together  the  astrology  and  geomancy  (divi- 
nation by  figures  drawn  on  the  earth,  yn  /xavn/a),  nearly  one-fourth  of  the 
work  is  thus  occupied.  In  round  numbers,  one-fifth  of  the  work  is  devoted 
to  the  physical  and  metaphysical  history  of  the  macrocosm,  and  four- 
fifths  to  its  technical  history;  and,  of  the  latter  branch,  about  one-ninth 
of  the  work  is  occupied  by  music,  one-eleventh  by  military  matters,  about 
one-sixth  by  arithmetic^  and  one-fortieth  by  optics. 
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The  other  writings  of  Fludd,  although  numerous,  need  occupy  but  little 
of  our  attention.     In  1619  the  complement  of  the  "  Historia  Macrocosmi  " 
was  published  at  Oppenheim,  under  the  title  of  "  Tomus  Secundus  de 
Bupernaturali,  natural!,  prseteraaturali,  et  contranaturali  microcosmi  his- 
toria, in  tractatus  tres  distribua."     In  this  work  we  find  at  the'commence- 
ment  an  oratio  gratidahinda,  of  considerable  length,  addressed  to  the 
Deity,  and  much  occupied  by  quotations  from  the  Psalms  and  from  Her- 
mes Trism^istus.     It  rises  here  and  there  to  a  certain  tone  approaching 
sublimity.    Among  the  last  works  which  Mudd  published  were  three  large 
folios  entitled  *'  Medecina  Catholica,  seu  mysticum  artis  medicandi  sacra- 
rium."  These  were  published  in  Frankfort  in  1629-30  and  -31,  and  the  motto 
of  the  books  is  Non  est  vivere  sed  valere,  vita.     In  this  work,  more  perhaps 
than  in  any  other,  does  Fludd  employ  hieroglyphics,  such  as  the  astrolo- 
gers delighted  in.    We  not  unfrequently  find  sentences  which  consist  of 
two-thirds  symbols,  and  one-third  words,  and  the  latter  are  often  much 
contracted.     At  the  beginning  of  the  first  volume  of  the  "Medecina 
Catholica"  (which  is  dedicated  to  the  then  Archbishop  of  •Canterbury), 
there  is  another  of  the  emblematical  figures  of  which  Fludd  was  so  foni 
In  it  a  healthy  man  ("  homo  sanus  ")  is  seen  kneeling  in  the  midst  of  a 
kind  of  citadel,  the  four  corners  of  which  are  guarded  by  Raphael,  Uriel, 
Michael,  and  Gabriel,  each  with  a  drawn  sword.     From  the  north  is  let 
loose  upon  him  the  demon  Mahazael,  riding  upon  a  gigantic  frog,  and 
poising  an  arrow  aloft  in  his  hand;  from  the  south  appears  Azazel,  a 
demon  riding  upon  a  dragon ;  from  the  east,  Sammael  (the  messenger  of 
death),  astride  upon  a  winged  dragon,  and  holding  a  torch  in  his  hands ; 
while  from  the  west  comes  Azael,  riding  upon  a  dolphin.   The  first  volume 
contains  a  great  collection  of  medical  facts;  but  as  we  pass  on  to  the 
second  and  third,  the  matter  becomes  weaker  and  weaker  until  it  culmi- 
nates in  the  most  arrant  puerility.     In  the  chapter  "  De  nomandia  sive 
onomantia,"  rules  are  given  in  great  detail  for  finding  out  the  priority  of 
death  in  the  case  of  two  relations,  and  some  of  these  rules  are  as  arbitrary  as, 
and  somewhat  of  the  nature  of,  the  divination  we  practise  when  we  count 
our  cherry  stones,  and  say,  "  This  year,  next  year,  sometime,  never." 
Again,  what  shall  we  say  to  93  pages  devoted  to  divination  by  feeling 
the  pulse  under  different  planetary  conditions  ?    But  the  crowning  point 
of  folly  and  superstition  remains.   Will  it  be  credited  that  any  man,  much 
less  a  man  of  Flndd's  capability,  could  devote  180  folio  pages  to  "  Ouro- 
mantia  hoc  est  divinatio  per — ovgof  V    Imagine  a  vast  system  of  vaticina- 
tion, based  upon  the  observation  of  ou^p,  under  various  stellar  and  other 
conditiona     Can  anything  be  more  infinitely  pitiful  than  this  ?    Did  any 
act  attributed  to  the  Laputan  philosophers  exceed  this  for  foUy  ? 

It  is  of  course  impossible  here  to  attempt  any  detailed  analysis  of  the 
authorship  of  the  prominent  tenets  of  Fludd's  philosophy.  His  cos- 
mogony is  closely  related  to  that  described  as  Chaldaean  in  the  writ- 
ings of  Psellus,  Sextus  Empiricus,  Porphyry,  Jamblichus,  and  Proclus, 
and  in  the  works  of  the  same  period  which  bear  the  name  of  Hermes 
Trismegistus.    His  astrology  is  mainly  compiled  from  middle  age  works 
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on  the  subject,   which  are  themselves  based   on  Arabic   works;    th< 
various  views  of  the  Eosicrucians  also  find   expression.      His    latro- 
mathematics   is   obviously   taken   from    one  of    the    works    attributec 
to  Hermes  Trismegistus,  under  whose  name  was  published,  in   1532^  a 
treatise  entitled   lar^cfJMhuJMnxa  q    VK^a  iiaraxXtai»i  votfouirwv  fr^o^ywtfr/xa   fx 
r^g  fAa^marixrii  §wigrfyn,f\g.     His  anatomy  is  taken  mainly  from  Yesalius,  and 
his  medicine  from  Paracelsus  and  his  followers,  but  it  is  probable  that  a 
careful  and  unwearied  observer  like  iludd  added  a  good  deal  of  new 
matter  in  this  direction,  since  it  was  the  subject  of  his  profession.     His 
geometry  comes  mainly  from  Euclid,  music  from  Guido  of  Arezzo,  optics 
apparently  chiefly  from  Baptista  Porta,  but  undoubtedly  also  from  Vitello, 
and  from  various  Arabic  sources.     Fludd  was  neither  a  Copernican  nor  an 
Aristotelian,  nor  does  he  appear  to  have  been  impressed  by  any  of  the  dis- 
coveries which  were  being  made  around  him  by  Gilbert  and  Galileo,  or  by 
the  writings  of  Bacon.     As  to  his  natural  science,  he  not  unfrequently 
shows  considerable  aptitude  for  such  studies,  and  great  minuteness  of  ob- 
servation.    Of  the  old  experiment,  in  which  a  candle  is  burned  in  a  closed 
vessel  standing  over  water,  which  latter,  on  the  extinction  of  the  flame, 
ascends  somewhat  into  the  vessel,  he  says: — "Aer  enim  nuirit  ignem,  et 
nutriendo  consumitur"  but  he  denied  the  possibility  of  a  vacuum.     Again, 
in  the  "  Anatomiae  Amphitheatrum,"  we  find  a  chapter  entitled  "  De  ana- 
tomia  sanguinis  humani  chimia  artificiali  dissecti;  this  he  recommends 
to  be  done  by  submitting  the  blood  to  a  gradually  increasing  degree  of 
heat  in  a  retort,  and  collecting  the  products  at  various  stages  ;  in  other 
words,  a  "fractional  distillation,"  of  necessity  rough,  for  thermometers 
were  then  unknown.    As  to  Fludd's  astrology,  perhaps  the  most  rational 
thing  to  which  he  attempts  to  apply  it  is  the  prognostication  of  tempests, 
but  the  casting  of  horoscopes  is  a  favourite  subject,  and  one  part  treats  of 
the  discovery  of  a  thief.    "  The  truth  of  this  portion  of  the  science,"  he  says, 
"  is  not  alone  supplied  by  others,  for  I  also  have  confirmed  it  by  practice 
and  experience;"  he  then  tells  us  how  to  discover  who  the  thief  is,  "if  the 
Lord  of  the  Sixth  House  is  found  in  the  Second  House,  or  in  company 
with  the  Lord  of  the  Second  House,  the  thief  is  one  of  the  family,  either 
parent,  or  brother,  or  sister,"  and  so  on.     Then  we  have  no  less  than 
eighteen  rules  to  enable  us  to  discover  the  form  of  the  thief.     If  Mercury  is 
in  the  sign  of  the  Scorpion,  he  will  be  bald,  while  another  planetary  con- 
dition gives  him  height,  and  crisp  yellow  hair;  some  signs  show  him 
to  be  stout,  others  a  monster  of  a  deformed  body,  others  strong  and  patient, 
while  Saturn  or  Mars,  in  certain  positions,  show  that  he  is  bloodthirsty, 
and  about  to  perish  by  a  violent  death,  which  at  once  relieves  the  astro- 
loger from  further  anxiety,  except  as  to  his  stolen  goods.    And  this  was 
dignified  by  the  name  of  judicial  aerology,  and  called  an  art !    Enough 
has  been  said,  we  think,  to  show  how  utterly  trivial  were  many  of  the  ap- 
plications of  this  rankly  superstitious  practice ;  at  the  same  time,  it  is 
impossible  for  us,  in  the  present  day,  to  fully  realise  the  extent  of  the  be- 
lief in  the  influence  of  supernatural  causes  in  the  time  of  Fludd.    It  was, 
in  every  way,  a  superstitious  age ;  let  us  remember  that  the  belief  in 
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witches  and  demons,  spells,  conjurations,  philtres,  and  raisings  of  the  devil, 
was  as  firm  then  amongst  all  classes  of  society  as  it  is  now  in  many  a  lone 
hamlet  of  Cornwall,  many  a  green  village  of  Gal  way,  or  of  Wales. 

A  word,  in  conclusion,  as  to  the  general  character  of  the  philosophy  of 
Fludd.  Eminently  a  syncretist,  he  endeavoured  to  unite  the  dominant 
tenets  of  many  and  diverse  philosophies  by  means  of  a  cement  fur- 
nished by  his  own  active  and  comprehensive  intellect.  His  philosophy 
is  tinctured  with  somewhat  of  almost  every  system  which  had  gone 
before.  The  basis  of  his  system  is  sunk  deep  in  Eastern  soil,  the 
summit  is  obscured  by  mists  of  Middle  Age  origin.  Chaldaic  astro- 
logy and  divination,  Arabic  geomancy  and  magic,  the  theurgy  and  theo- 
sopy  of  the  Neo-Platonists,  the  aphorisms  and  tenets  of  the  supposed 
Hermes  Trismegistus,  with  the  paraphrases  of  Cornelius  Agrippa,  the  tra- 
ditions and  the  dreams  of  the  Kabbalists  and  Talmudists,  Alchemical 
and  Paracelsian  visions  and  dogmas,  and  a  spice  of  the  learning  of  the 
ancient  Greeks ;  let  all  these  be  united,  with  much  show  of  relevancy, 
by  an  indubitably  fertile  and  astute  intellect,  and  let  the  whole  be  per- 
vaded by  a  strong  undercurrent  of  Christian  tenets,  and  you  have  the 
philosophy  of  Eobert  Fludd.  A  philosophy  which  is  utterly  unde- 
finable  ;  a  wondrous  blending  of  the  ancient  thought  of  the  Eastern 
world  with  the  modem  thought  of  the  Western  world ;  a  union  of  Chris- 
tian with  barbaric  lore,  of  the  wisdom  of  the  ancients  and  the  reveries 
of  the  East,  with  the  unfledged  crudities  of  the  Renaissance.  A  mixture 
of  infinitely  grand  ideas,  with  the  wildest  vagaries  ever  conceived  by  the 
mind  of  man ;  reverential  here,  almost  blasphemous  there ;  pantheistic 
and  materialistic,  sublime  in  one  place,  ridiculous  in  another.  A  philo- 
sophy in  which  wisdom  and  folly  are  seated  at  the  same  table,  while 
Fludd  acts  as  their  host,  and  endeavours  to  reconcile  them ;  a  philosophy 
based  on  supra-mundane  influence;  all  symbolical, all  theosophicaJ,  aU 
occult ;  in  which  an  assumed  influence  becomes  the  arbiter  of  destinies, 
and  the  philosopher  himself  a  thaumaturgus. 

Such  a  philosophy  could  not  exist  in  the  face  of  the  great  intellec- 
tual movement  which,  in  regard  to  all  matters  of  philosophy  and 
science,  glorified  the  seventeenth  century.  It  could  not  endure  side  by 
side  with  the  works  of  Bacon  and  Galileo,  of  Descartes,  Pascal,  Hobbes, 
Boyle,  and  of  the  many  great  thinkers  which  distinguished  this  epoch. 
With  it  perished  a  great  mass  of  mystic  lore.  The  plulosophy  of  Eobert 
Fludd  was  as  a  lurid  flame  upon  an  altar,  hidden  in  the  recesses  of  a 
darksome  cave,  the  abode  of  demons  and  unearthly  forms ;  the  philosophy 
of  his  contemporary,  Francis  Bacon,  was  as  a  pure  light  set  upon  an  emi- 
nence, which,  like  the  diamond  in  the  old  story,  diffused  its  luminous  in- 
fluence far  and  wide.  It  still  diffuses  it ;  while  the  altar  has  been  over- 
thrown, the  cave  is  desolate,  and  the  lurid  flame  has  died  out  for  ever. 
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Physical  Science  during  the  Seventeenth  Century. 

At  the  same  time  that  this  curious  mass  of  false  philosophy   ifras 
given  to  the  world,  Galileo  was  engaged  in  the  application  of  the  tele- 
scope.   Galileo  was  born  in  1564,  and  at  the  age  of  seventeen  was  sent 
to  study  medicine  at  the  University  of  Pisa.    During  his  residence  at 
Pisa  he  discovered  the  isochronism  of  the  pendulum.     In  1586  he  wrote 
an  Essay  on  the  Hydrostatic  Balance,  which,  however,  was  not  published 
till  1615.     In  1588  his  work  on  the  Centre  of  Gravity  of  Bodies   was 
written,  and  in  the  following  year  he  became  professor  of  mathematics  at 
Pisa,  and  made  his  celebrated  experiments  on  falling  bodies  during  the 
three  following  years.     In  1609  Galileo  invented  the  telescope,  and  in 
the  following  year  discovered  the  satellites  of  Jupiter,  Saturn's  King,  and 
the  phases  of  Venus.     In  March  1611  he  detected  the  solar  spots.     His 
important  *'  Dialogue  on  the  Ptolemaic  and   Copemican  Systems  "  was 
published  in  1632  ;  the  general  results  of  the  pubbcation  of  this  work, 
are  too  well  known  to  need  any  discussion  here.    The  seventeenth  cen- 
tury was  altogether  so  brilliant  in  scientific  discovery,  that  it  may  safely 
be  said  that  no  former  or  succeeding  century  has  given  bulh  to  so  many 
results.     Neither  in  any  single  century  have  there  been  such  a  multitude 
of  great  scientific  men : — Francis  Bacon,  Galileo,  Torricelli,  Pascal,  Boyle, 
Huyghens,    Uooke,    Descartes,    Newton,    Halley,    Marriotte,  Gassendi, 
Wren,  Wallis,  Otto  von  Guericke,  Sturm,  and  Mayow,  all  belong  to  this 
period. 

The  century  is  further  notable  for  the  establishment  of  scientific  socie- 
ties.   The  first  scientific  society  was  established  in  the  middle  of  the 
fifteenth  century,  and  was  called  the  "Academy  of  the  Secrets  of  Nature." 
It  consisted  solely  of  men  who  had  made  some  discovery  in  physical 
science.    From  the  name  of  the  society  it  came  to  be  believed  that  magic, 
and  illicit  arts  were  practised  at  the  meetings  of  the  members,  and  it  was 
dissolved  by  P.  Paul  III.     The  Accademia  del  Cimento  was  founded 
in  1657  in  Florence  by  Duke  Leopold  of  Tuscany.     It  was  the  first 
scientific  society  of  importance,  and  had  for  its  object  the  trial  of  experi- 
ments,  to  the  exclusion  of  theoretical  matter.     It  unfortunately  lasted 
only  ten  years,  but  during  that  time  a  number  of  important  experiments 
(chiefly  relating  to  pneumatics)  were  made,  and  the  academy  has  left  us  a 
volume  of  "  Natural  Experiments,"  which  is  of  much  interest  even  in  the 
present  day,  and  has  been  more  than  once  reprinted.     The  Eoyal  Society 
of  London  was  founded  in  1660,  and  the  Academic  des  Sciences  of  Fans 
in  1666. 

The  discoveries  of  this  century,  and  of  the  succeeding  and  present 
periods,  will  be  found  in  the  following  pages,  and  we  may  here  end  our 
brief  and  somewhat  desultory  survey  of  the  science  of  earlier  ages.  The 
investigations  of  the  natural  philosophers  of  the  seventeenth  century, 
form  in  many  instances  the  basis  of  the  several  sciences  discussed  here- 
after; and  we  recognise  several  of  the  names  mentioned  above,  even  in 
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the  direct  form  of  headings  to  articles,  such  as  '^BoyUs  Law^'  ^^NewtorCs 
Rings,^*  &c. 

It  may  be  interesting,  in  concluding  this  section,  to  glance  at  the  two 
first  complete  text-books  of  experimental  science  which  appeared  in  Europe. 
They  were  published  during  the  first  half  of  the  eighteenth  century, 
and  were  both  written  by  Leyden  professors.  The  first  is  the  Fhysicea 
jElemerUa  Mathematica  HxperimerUis  Conjinnata  of  G.  J.  s'Gravesande ; 
the  second  the  Mementa  Chemice  of  Hermann  Boerhaave.  The  former 
was  published  in  1720,  and  in  1742  had  reached  a  third  edition .("  duplo 
auctior.")  It  consists  of  two  quarto  volumes  containing  1073  pages,  and 
127  full-page  plates.  The  following  amounts  of  space  are  given  to  the 
various  sciences: — statics  and  dynamics,  399  pages;  hydrostatics,  47; 
hydrodynamics,  121;  pneumatics,  57;  acoustics,  24;  heat,  31;  electri- 
city, 14 ;  lights  228 ;  and  astronomy,  140  pages.  The  plates  are  admir- 
able, and  clearly  indicate  that  the  apparatus  of  the  period  was  of  a  very 
elaborate  character.  The  JSUmenta  Chemice  was  published  in  1732,  and 
was  by  far  the  most  extensive  and  complete  work  on  chemistry  which 
had,  up  to  that  time,  appeared.  It  is  divided  into  "The  History  of 
Chemistiy;"  "The  Theory  of  Chemistry;"  "The  Processes  or  Operations 
of  the  Art."  In  that  portion  of  the  work,  to  which  the  general  title  of 
theory  of  chemistry  is  given,  we  find  as  full  an  account  as  was  then 
possible  of  the  metals,  of  salts,  of  acids,  of  fire,  water,  air,  earth,  of  various 
solvents,  &c.  Thus  the  first  two  great  scientific  text-books  were 
the  work  of  Leyden  professors,  and  the  University  soon  acquired  such 
renown  that  students  flocked  to  it  from  all  parts  of  Europe.  From  the 
time  of  its  foundation  it  has  been  one  of  the  principal  homes  of  science, 
and  a  number  of  important  discoveries  have  been  made  by  its  members. 
Niebuhr  has  well  remarked  that  perhaps  no  locality  in  Europe  is  so 
memorable  in  the  history  of  physic^  science  as  Leyden. 

OftJu  Age  of  the  various  Physical  Sciences. 

Astronomy  is  undoubtedly  the  most  ancient  of  the  sciences.  An  obser- 
vational must  ever  precede  an  experimental  science ;  and  when,  as  in  this 
case,  observation  is  stimulated  by  the  beauty  and  ever-presence  of  the 
objects  of  study,  and  by  the  desire  to  comprehend  the  nature  of  the  mys- 
terious and  the  unknown,  we  can  quite  understand  why  the  contempla- 
tion of  the  heavenly  bodies  should  specially  recommend  itself  to  mankind 
in  the  earliest  ages.  The  worship  of  the  sun  was  one  of  the  first  forms  of 
rehgiou,  and  he  was  probably  originally  worshipped  as  an  emblem  of  the 
great  First  Cause,  and  afterwards  as  himself  a  deity.  Then  fire  became 
the  symbol  of  the  deity ;  and  later  (as  has  often  happened  in  the  history 
of  faiths)  the  symbolism  was  forgotten,  and  the  fire  itself  became  the  god. 
The  influence  of  the  sun  upon  our  life,  and  upon  all  the  actions  which 
tsike  place  in  and  around  the  earth,  is  so  obvious  to  the  most  imreasoning 
man,  that  we  are  not  surprised  to  find  Agni  the  Sim — ^the  God  of  light 
and  Fixe — ^placed  first  in  the  Hindu  Trinity.    That  the  attendants  of  Uus 
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deity — ^the  moon  and  stars — ^shouId,  after  him,  engage  the  inquiry  and  the 
observation  of  mankind  in  the  very  earliest  ages,  cannot  be  a  mattei 
of  wonder. 

Optics  follows  astronomy;  and,  like  astronomy,  it  permits,  with  great 
readiness,  the  application  of  mathematical  reasoning.  The  geometer 
Euclid  (b,  about  B.c.  323)  applied  mathematics  in  the  attempt  to  explain 
the  laws  of  vision.  Ptolemy,  the  astronomer,  (Jl.  about  A.D.  139,)  wrote  a 
treatise  on  optics,  in  which  various  experimentis  on  refraction  are  detailed. 
The  reflection  of  light  by  mirrors,  and  its  refraction  by  lenses,  appear  to 
have  been  well-known  facts  in  the  time  of  Archimedes. 

Next  to  optics,  the  sciences  of  mechanics  and  hydro-mechanics,  com- 
prising Statics,  Dynamics,  Hydrostatics,  and  Hydro-dynamics,  may  perhaps 
claim  precedence    At  all  events,  Archimedes  (6.  B.c.  287,  d.  212),  was  well 
acquainted  with  some  of  the  principles  of  these  sciences,  and  certain  of 
them  must  have  been  known  at  a  far  earlier  date.    The  great  buildings  of 
the  ancients  could  not  have  been  raised  without  a  knowledge  of  various 
mechanical  appliances,  and  the  lever  was  undoubtedly  used  in  very  ancient 
times.    It  may,  perhaps,  be  argued,  by  some,  that  not  one  of  the  above 
was,  properly  speaking,  a  science  before  the  time  of  Galileo,  but  it  appears 
more  just  to  trace  them  back  to  the  earlier  period. 

Chemistry  comes  next  in  order ;  for,  although  scientific  chemistry  un- 
doubtedly originated  with  Lavoisier,  (6.  174i^,  d.  1794,)  there  existed 
chemical  treatises  in  the  eighth  century,  and  certain  chemical  processes 
were  known  to  the  ancient  Egyptians.  The  Arabian  Djabar  or  Geber 
(d,  about  A.D.  765)  wrote  various  works  on  chemistry  and  alchemy,  and 
has  described  many  chemical  operations  which  are  still  in  use  ;  and  in  the 
ten  centuries  which  elapsed  between  the  times  of  Geber  and  of  Lavoisier, 
many  chemical  observations  were  made,  processes  devised,  and  theories 
promulgated. 

Although  Thales  of  Miletus  observed  that  amber  (?Xixr^>),  when  rubbed, 
acquired  the  property  of  attracting  light  substances,  and  by  this  solitary 
experiment,  gave  a  name  to  the  science  of  Electricity,  we  cannot  strictly 
say  that  the  science  existed  before  the  publication  by  Gilbert  of  Colches- 
ter (6.  1540,  d.  1603)  of  his  treatise  De  Magnete,  in  which  he  describes 
various  experiments,  and  speculates  on  the  cause  of  electrical  attraction. 

The  same  remarks  apply  to  Magnetism,  Lucretius  (&.  B.C.  95,  d.  55) 
and  Pliny  (6.  A.D.  23,  d,  79)  make  mention  of  one  or  two  magnetical 
observations,  but  the  birth  of  the  science  is  to  be  found  in  Gilbert's  De 
Magnete, 

Hero  of  Alexandria  (b.c.  79)  wrote  a  treatise  entitled  Ilwu/xama,  but 
the  science  of  Fneum/Uics  did  not  exist  before  the  discovery  of  the  air 
pump  by  Otto  Von  Guericke  in  1650.  During  the  succeeding  twenty 
years  Eobert  Boyle  and  many  others  worked  vigorously  at  the  development 
of  the  science,  and  accumulated  a  vast  number  of  experiments.  This, 
among  all  the  sciences,  was  bom  and  matured  in  the  space  of  a  few  years. 
The  science  is  in  almost  the  same  condition  now,  as  it  was  when  Boyle 
finished  his  last  series  of  pneumatical  experiments ;  not  for  want  of 
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workers,  but  because,  from  the  nature  of  this  science,  a  limit  is  quickly 
reached,  beyond  which  it  is  difficult  to  pass. 

Heat  is  among  the  younger  of  the  sciences,  and  may  be  dated  from  the 
commencement  of  this  century.  Francis  Bacon  introduces  an  "  investiga- 
tion of  the  form  of  heat"  into  the  second  book  of  the  Novum  Organum, 
but  his  conclusions  are  very  erroneous,  and  the  inquiry  is  conducted  with- 
not  experiments,  which,  as  far  as  heat  is  concerned,  were  not  possible  at 
this  time.  In  the  seventeenth  century,  the  theory  of  Phlogiston  was  pro- 
pounded, and  this  was  in  one  sense  essentially  a  theory  belonging  to  the 
science  of  heat ;  but  as  it  was  applied  to  the  explanation  of  chemical 
phenomena,  and  as  heat  was  then  viewed  simply  as  a  chemical  agent,  we 
cannot  regard  this  as  forming  the  commencement  of  the  science.  We  may 
rather  trace  its  origin  to  the  experiments  of  Count  Eumford  and  Sir 
Humphry  Davy. 

M.  Libri  says  : — "  Les  recherches  des  Pythagoriciens  sur  les  vibrations 
des  corps,  sont  les  plus  anciennes  experiences  de  physique  qui  soient  par- 
venues  jusqu'i  nous,"  yet  we  find  great  difficulty  in  assigning  a  place  to 
Acoustics.  It  is  certainly  to  be  regarded  as  a  recent  science,  although  it 
has  ever  had  the  stimulating  efiect  of  the  art  of  music,  which,  in  its  turn, 
was  always  fostered  by  Church  ceremonial,  and  attained  some  perfection 
in  the  sixteenth  century,  and  much  perfection  in  the  eighteenth.  Experi- 
mental acoustics  was  scarcely  known  before  the  time  of  Chladni  (6.  1756, 
d  1827). 

The  science  of  Meteorology  was  commenced  soon  after  the  invention  of 
the  barometer  in  1643.  Towards  the  end  of  the  century  systematic  obser- 
vations of  the  variations  in  the  height  of  the  column  of  mercury  were 
made,  and  the  invention  of  the  thermometer  furnished  another  important 
aid  to  the  science. 

Voltaic  Electricity  daXea  as  a  science  from  the  beginning  of  this  century; 
ElectrO'Magnetism  was  discovered  by  Oersted  in  1820;  and  Faraday 
announced  his  discovery  of  Dia-^nagnetisTn  in  1845. 

0/  the  Study  of  the  Physical  Sciences, 

Over  against  the  Preface  will  be  found  an  extract  from  the  Novum 
Organum,  in  which  Lord  Bacon  invites  the  true  son  of  science  to  leave  the 
ante-chambers  of  nature  and  enter  with  him  into  her  inner  apartments. 
To  prepare  himself  for  such  an  entry  the  student  of  science  must  ap- 
proach the  portal  of  nature  reverently,  and  with  his  head  bowed.  He 
must  throw  off  all  pride  of  intellect  at  the  very  threshold.  He  must 
be  patient,  trustful,  loving,  earnest,  full  of  a  spirit  of  scrutiny,  of  re- 
search, of  minute  investigation.  He  must  educate  his  mind  to  a  condition 
of  quick  inference,  combined  with  a  steady  balancing  of  opposite  causes. 
He  must  forbear  to  theorise  hastily  and  without  full  warrant,  £Uid  he 
must  purge  his  mind  from  inherent  fancies ;  from  the  influence  of  precon- 
ceived opinion,  and  from  the  fallacies  which  may  belong  to  his  own  peculiar 
attitude  of  thought.    He  cannot  too  often  bear  in  mind  that  the  senses  are 
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finite  in  their  capability  of  observation ;  that  they  are  devoted  solely  to 
the  weU-being  of  the  organism  of  which  they  form  a  part,  and  hence  require 
careful  usage  when  applied  to  the  investigation  of  the  external  world.  He 
must  therefore  examine  an  experiment  with  extreme  scrupulosity  before 
he  admits  it  as  absolute ;  his  mind  must  be  fortified  by  legitimate  modes 
of  operation  suitable  for  such  studies ;  and  every  influencing  cause  must 
be  eliminated  before  the  commencement  of  a  precise  deduction.  He  may 
use  theory  for  marshalling  troops  of  experimental  results,  but  it  is  to  be 
remembered  that  a  bad  general  may  cause  the  best  soldiers  to  lose  a 
battle.  The  true  student  of  science  is  penetrated  by  an  intense  desire 
for  truth,  by  a  fervid  spirit  of  inquiry.  He  knows  not  whither  he  is 
going,  but  he  sees  before  him,  dimly  and  in  the  distance,  a  clear  and 
divine  light — ^the  "  lumen  siccum  ac  purum  notiorum  verarum."  To  attain 
this  he  directs  all  his  efforts,  devotes  all  his  life.  The  search  for  it  induces 
the  Astronomer  to  "  outwatch  the  Bear,"  to  pass  a  lifetime  in  tracking 
stars  through  the  boundless  space ;  and  the  Physicist  to  devise  exquisite 
tortures  to  bend  stubborn  matter  to  his  will,  8md  compel  it  to  disclose  its 
inmost  secrets. 

The  tendency  of  the  earlier  systems  of  physical  philosophy  was  to  super 
naturalise  natural  actions :  the  tendency  of  modem  physical  philosophy  is 
to  force  into  the  phenomenal  world  that  which  must  ever  be  ultra- 
phenomenaL 

The  older  writers  on  Physical  Science  delighted  in  symbolical  designs, 
in  which  the  forces  of  Nature  were  represented  each  at  lus  appointed  work, 
and  above  all  they  placed  a  cloud,  from  which  issued  the  hand  of  God 
directing  the  several  agents  of  the  universe,  and  introducing  harmony  into 
their  various  actions.  Thus,  too,  the  true  son  of  science,  while  he  is  filled 
with  awe  and  wonder  at  the  glory  and  the  immensity  of  creation,  should 
ever  bethink  him  of  the  great  First  Cause. 

G.  F.  RODWELL 
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ABEKRATION.  {Ab,  from ;  and  erro,  to  wander.)  A  term  employed  in  optics  to  designate 
the  unequal  deviation  of  rairs  of  light  wlien  refracted  by  a  lens,  or  reflected  from  a  concave 
minor.  There  are  two  Idnds  of  almrration,  viz.,  ChramaUe  Aberration,  {xp<afM,  colour),  or 
aberration  of  refrangibility,  and  Spherical  Aberration.  There  is  also  in  astronomY  the  Aberra- 
tion of  the  edettial  b<KUe$,  commonly  (but  less  correctly)  termed  the  Aberration  of  Itghi. 

ABERBATION,  CHROMATIC  ;  or,  Aberration  of  reframgibility.  A  convex  lens  may  be 
regarded  as  a  nmnber  of  prisms  having  their  bases  in  contact.  Hence,  when  a  sheaf  of  rays  of 
white  light  passes  through  it^  the  rays  not  only  undergo  refraction,  but  also  decomposition,  and 
since  the  variously  coloured  rays  into  which  white  Ught  is  split  up  by  a  prism,  possess  different 
refrangibiUties,  it  follows  that  when  light  is  converged  by  a  conyez  lens  it  is  refracted  to  different 
focL  The  violet  rays,  being  the  most  refrangible,  form  a  focus  nearest  to  the  lens;  while  the  red 
rays,  being  the  least  refrangible,  form  a  focus  furthest  from  the  lens.  Thus  in  place  of  one  f ocua 
there  are,  in  reality,  an  almost  infinite  number,  viz.,  one  for  each  of  the  differently  refracted 
rays,  and  in  the  order  of  violet,  indigo,  blue,  green,  yellow,  orange,  red.  Hence  the  rays  do  not 
meet  at  the  same  focus  of  the  lens ;  and  this  deviation  of  the  f odL  is  called  the  chromiUiG  aber* 
ration  of  a  lens.   See  also  Dii/peirwm, 

ABERRATION  OF  THE  CELESTIAL  BODIES,  commonly  (but  less  con«ctly)  termed 
the  ^ftfrrotion  of  Light,  In  astronomy,  an  apparent  displacement  of  a  celestial  object,  due 
to  the  progressive  motion  of  light  Aberration  is  caused  in  two  ways — first  by  the  orbital 
motion  of  &e  earth,  and,  secondly,  by  the  motion  of  the  observed  celestial  objects. 

Aberration  of  the  former  kind  was  first  recognised  by  Molyneuz  and  Bradley,  and  first 
interpreted  by  the  latter  astronomer.  In  1725  these  astronomers  commenced  a  series  of 
observations  of  the  star  7  Draoonis  for  the  purpose  of  detecting  signs  of  an  apparent  displacement 
due  to  the  earth's  orbital  motion.  They  presently  b^an  to  recogmse  a  displacement  different 
in  character  from  that  which  they  were  searching  for,  and  further  remarkable  on  account  of 
its  extent.  They  found  that  in  March  the  star  was  no  less  tiian  a  third  of  a  minute  of  aro^ 
south  of  its  mean  place,  and  in  September  as  far  to  the  north.  After  several  fruitless  attempts 
to  solve  the  meaning  of  this  peculiarity,  Bradley  began  a  series  of  independent  researches  upon 
other  stars.  He  recognised  before  long  tiiis  general  rule,  that  each  star  is  most  displaced 
towards  the  north  when  it  crosses  the  meridian  at  about  six  o'clock  in  the  evening,  and  most 
displaced  towards  the  south  when  it  crosses  the  meridian  at  about  six  o*clock  in  the  morning. 
The  explanation  of  this  phenomenon  remained  for  some  time  unreoogmsed  by  Bradley.  But 
he  noticed,  one  day,  while  in  a  small  vessel  which  was  sailing  up  and  down  a  sheet  of  water, 
that  a  vane  at  the  mast-head  constantly  varied  in  its  indications  a3  the  ship  changed  her  course. 
He  presently  recogmsed  the  cause  of  this,  in  the  circumstance  that  the  motion  of  the  ship  on 
one  or  another  course  affected  the  direction  from  which  the  wind  seemed  to  blow,  causing  the 
wind,  in  fact,  to  seem  always  to  come  from  a  point  nearer  that  towards  which  the  ship  waa 
steering  than  was  actually  the  case.  He  was  thus  led  to  associate  the  phenomenon  with  that 
which  he  had  observed  among  the  stars.  Regarding  the  earth  as  'in  a  sense  resembling  the 
moving  vessel,  and  the  light  from  the  stars  as  comparable  with  the  wind,  he  reasoned  that  if 
only  the  earth's  motion  bears  an  appreciable  relation  to  the  velocity  of  light,  we  ought  to  expect 
that  the  rays  from  a  star  would  seem  to  come  from  a  point  nearer  than  is  actually  the  case  to 
that  point  on  the  heavens  towards  which  the  earth's  course  is  directed.  The  phenomenon  he 
had  observed  corresponded  exactly  with  this  explanation.  The  change  of  place  due  to  the 
velocity  of  light  estimated  from  the  edipses  of  Jupiter's  sateUites,  corresponded  within  the 
limits  of  observational  error,  with  the  observed  changes  in  the  apparent  positions  of  the  fixed  stars. 

A 


ABE  2  ABS 

It  follows  from  a  oonsideratioii  of  the  earth's  path  that  each  star  appears  to  describe  a 
small  ellipse  about  its  true  place.  This  fact  is  of  great  importance  in  its  direct  bearing  on 
observational  astronomy ;  but  it  is  perhaps  even  more  important  on  account  of  the  evidence 
it  supplies  as  to  the  motion  of  the  earth.  Every  star  becomes  an  independent  witness  of  the 
truth  of  the  Copemican  theory. 

Since  the  aberration  of  the  celestial  bodies  depends  on  the  ratio  between  the  velocity  of 
light  and  of  the  earth's  motion,  its  effects  only  vary  according  to  the  position  of  the  observed 
object,  not  according  to  the  distance  or  motions  of  that  object.  The  moon  is  the  only  celestial 
body  which  is  not  affected  by  this  form  of  aberration. 

^e  maximum  effect  of  aberration,  or  as  it  is  called,  the  cotutant  of  aberration,  is  a  displace- 
ment by  about  2o|  seconds  of  arc.  This  is  the  displacement  of  a  celestial  object  when  the 
earth's  motion  takes  place  in  a  direction  at  right  angles  to  the  line  of  sight.  As  the  earth 
must  twice  in  the  year  move  at  right  angles  to  the  line  of  sight  to  any  star,  however  that  star 
be  placed,  every  star,  twice  in  the  year,  exhibits  a  displacement  by  this  amount.  A  star  at 
the  pole  of  the  ecliptic  exhibits  this  displacement  at  all  times,  and  thus  appears  to  describe  a 
small  circle  around  its  true  place.  A  star  on  the  ecliptic  appears  twice  in  the  year  in  its 
true  place,  viz.,  when  the  earth  is  moving  exactly  from  or  towards  it.  Such  a  star  appears  to 
travel  backwards  and  forwards  along  a  straight  line  40}  seconds  in  length.  All  other  star* 
appear  to  describe  ellipses  having  a  major  axis  of  this  length. 

Aberration  of  the  second  class  depends  on  the  distances  and  motions  of  the  observed  objects. 
We  see  each  celestial  object  not  as  it  is  at  the  moment,  but  as  it  was  when  the  light  by  which 
we  see  it  first  set  out.  Thus  we  see  the  moon  at  any  moment  in  the  position  she  really 
occupied  I J  seconds  before ;  and  we  see  a  fixed  star  in  the  position  it  really  occupied  several 
years  before.  In  the  one  instance  there  is  a  small  displacement,  in  the  other  it  is  one  which 
(though  apparently  small)  must  be  estimated  in  reality  by  hundreds  of  millions  of  miles. 
Between  these  limits  lie  the  displacements  of  the  planets.  The  sun  alone  is  imafiected  by 
this  sort  of  aberration. 

There  is  a  small  apparent  displacement  of  all  celestial  objects  dne  to  the  earth's  rotation  on 
her  axis.    It  is  called  the  diurnal  aberration. 

There  is  an  aberration  of  the  fixed  stars  due  to  the  sun's  proper  motion  in  space,  since  this 
motion  bears  an  appreciable  relation  to  the  velocity  of  light.  Sir  John  Herschel  has  pointed 
out  that  by  observing  the  gradual  change  of  this  form  of  aberration  (which,  while  constant,  is 
wholly  undistinguishable),  it  may  one  day  be  possible  not  only  to  supply  a  new  proof  of  the 
sun's  proper  motion,  but  to  determine  the  shape  of  the  orbit  in  which  the  sun  is  travelling. 

ABERRATION,  SPHERICAL.  Lenses  and  mirrors  are  usually  ground  with  spherical 
surfaces,  and  so  long  as  the  aperture  does  not  exceed  8  or  10  degrees,  the  rays  of  homo- 
geneous light  refracted  or  reflected  by  different  parts  of  them  meet  practically  at  the  same 
focus  of  the  lens  or  mirror.  But  as  the  aperture  of  a  spherical  mirror  increases,  the  rays  re- 
flected from  the  edges  cross  each  other  at  a  point  on  the  axis  nearer  to  the  mirror  than  those 
which  are  reflected  from  portions  of  the  mirror  near  its  centre.  Thus  the  rays  are  deviated 
from  the  true  focus  of  the  mirror.  Again,  with  regard  to  spherical  lenses  of  large  aperture,  the 
rays  which  pass  through  the  lens,  near  its  cireumference,  are  refracted  to  a  point  nearer  to  the 
lens  than  those  which  pass  through  its  central  portion.  In  the  case  of  mirrors  this  deviation  of 
light  from  the  focus  is  called  spherical  aberration  by  ruction  ;  while  in  the  case  of  lenses  it 
is  called  tpkerical  aberration  by  refraction.  It  may  be  remedied  by  giving  lenses  and  mirrors 
parabolic  surfaces,  a  plan  which  is  almost  invariably  followed  in  the  construction  of  specula  for 
astronomical  purposes. 

ABSINTHIN.  The  bitter  principle  of  wormwood  (Artemisia  absintJdum),  Formula  Cij 
Hj) O5.  It  forms  a  hard  crystalline  mass,  having  an  extremely  bitter  taste ;  it  is  very  soluble 
in  alcohol,  and  but  slightly  so  in  water. 

ABSOLUTE  BRIGHTNESS.  An  expression  used  by  astronomers  to  distinguish  between 
the  total  amount  of  light  received  from  a  celestial  body  and  the  intrinsic  lustra  of  the  body's 
surface.  Thus  the  absolute  brightness  of  Jupiter  would  be  spoken  of  as  nearly  equalling  that  of 
Venus  and  surpassing  that  of  Sirius,  though  the  intrinsic  brilliancy  of  Jupiter's  light  is  far  less 
than  that  of  Venus,  and  not  comparable  with  the  sun-like  intrinsic  brilliancy  of  the  light  of  Sinus. 

ABSOLUTE  PHOTOMETER.     See  Photometry. 

ABSOLUTE  TEMPERATURES.  (Absolutus;  perfect,  complete.)  Temperatures  taken 
from  the  absolute  zero  of  temperature  are  termed  absolute  temperatures,  and  are  obtained 
by  adding  458  to  the  temperature  on  the  Fahrenheit  scale,  and  273  to  the  temperature  on  the 
C5entigrade  scale. 

ABSOLUTE  ZERO  OF  TEMPERATURE.  When  gases  are  heated  they  expand  ^i^th 
of  their  volume  for  one  degree  Fahrenheit,  and  irfr^  ^^  ^^  volume  for  one  degree  Centigrade 
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at  zero.  It  has  been  sunmsed  by  many  physicists — among  them  Cl^k  Maxwell,  and  Clamios — 
that  as  heat  increases  the  elasticity  of  gases,  it  actually  produces  that  elasticity ;  that,  in  a  word, 
it  is  the  motion  we  call  heat,  associated  with  the  molecules  of  a  gas,  which  causes  the  gas  to 
exert  pressure  ;  and  as  the  molecules  vibrate  backwards  and  forwards,  stziking  the  sides  of  the 
containing  envelope,  they  produce  pressure,  which  increases  with  the  increase  of  their  own 
motion  by  additional  increments  of  heat.  The  absolute  zero  of  temperature  is  the  absolute  zero 
of  gaseous  tension,  at  which  a  gas,  if  it  could  then  exist  as  such,  would  possess  no  elastic  force, 
exert  no  pressure,  have  no  molecular  motion  whatsoever.  Ajb  I*'  C.  <rf  heat  added,  increases 
the  elasticity  of  a  gas  by  yf^rd  of  its  volume,  and  each  degree  C.  abstracted  diminishes  the 
volume  by  -ffy,  it  is  obvious  that  if  the  law  be  true  at  all  temperatures,  at  —  273^  C.  no  further 
contraction  is  possible,  and  hence  no  more  heat  could  be  abstracted  ;  in  fact,  the  volume  of  a 
gas  would  cease  to  exist.  Hence,  if  we  could  continue  to  withdraw  heat  until  we  reached  273^ 
C.  (or  490^  F.)  below  the  freezing  temperature  of  water,  we  should  arrive  at  the  absolute  zero, 
at  which  matter  would  be  lifeless  and  inert,  and  incapable  of  responding  to,  or  assimilating,  any 
form  of  motion  which,  under  other  conditions,  would  influence  its  molecules.  We  have  never 
been  able  to  produce  a  degree  of  cold  approaching  the  absolute  zero  of  gaseonB  tension.  See 
also  Temperature. 

ABSORPTION  OF  COLOUR.    See  Colour,  Ahsorption  of. 

ABSORPTION,  ELECTIVE.    See  Elective  Absorption  of  Light. 

ABSORPTION  OF  GASES  BY  SOLIDS  AND  LIQUIDS.    See  Gates,  Ahsorption  of 

ABSORPTION  OF  HEAT.  (Ab,  from ;  sorbeo,  to  suck  in.)  In  the  seventeenth  century 
Mariotte  and  Hooke  discovered  that  glass  absorbs  a  certain  amount  of  radiant  heat.  M.  de  la 
Roche,  in  18 12,  found  that  radiant  heat,  which  has  passed  through  glass,  has  k)6t  the  rays 
which  glass  most  readily  intercepts,  and  that  as  the  temperature  of  the  radiating  source  rises, 
the  heat  emitted  passes  through  glass  with  greater  fadlity.  Nobili  and  Melloni  worked  to- 
gether on  the  subject  of  radiant  heat.  The  former  inventea  the  thermopile,  while  the  latter 
adapted  it  for  purposes  of  investigation,  and  made  the  important  discovery  that  rock-salt 
scarcely  exercises  any  absorptive  power  upon  any  kind  of  heat.  His  results  were  published  in  a 
treatise  entitled,  "  La  Thermochrose,  ou  la  Coloration  Calorifique,"  which  has  formed  the  basis 
of  exact  investigations  connected  with  radiant  heat.  Under  the  heading.  Diathermancy,  we 
have  given  a  table  of  some  of  Melloni's  results,  which  shows  the  transmission  of  radiant  heat  by 
certain  solids.  The  absorption  is  given  by  subtracting  the  transmission  from  100.  A  selective 
ahsorption  is  exercised  by  bodies  for  heat,  that  is  to  say,  certain  heat  rays  are  absorl^ed  while 
others  are  transmitted;  certain  substances  absorb  nearly  all  the  heat  which  falls  upon  them,  and 
others,  like  rock-salt,  absorb  scarcely  any.  In  the  case  of  liquids  the  variation  is  nearly  as 
great  as  in  that  of  solids :  thus,  according  to  Melloni,  bisulphide  of  carbon  transmits  63  per 
cent,  of  the  heat  of  an  Argand  burner,  while  olive  oil  transmits  30  per  cent.,  and  water  11. 
Bodies  which  absorb  radiant  heat  actually  stop  the  heat  waves,  and  assimilate  the  motion  which 
they  convey  ;  thus  the  temperature  of  the  absorbing  body  is  raised. 

In  examining  the  absorption  of  beat  by  liquids,  Melloni  employed  an  Argand  lamp,  with  a 
glass  chimney,  as  a  source  of  heat,  and  placed  the  liquids  to  be  examined  in  glass  cells.  But 
glass  absorbs  a  great  number  of  heat  rays,  particularly  of  those  emitted  by  a  non-luminous 
source  ;  hence  Melloni's  results  cannot  be  considered  accurate.  IVndall,  in  repeating  some  of 
these  experiments,  employed  cells  of  rock-salt  to  contain  the  liquids,  and  a  spiral  of  platinum 
wire  raised  to  a  red  heat  by  an  electric  current  as  the  source  of  heat.  The  following  are  some 
of  his  restdte,  with  different  thicknesses  of  various  liquids  : — 


Absorption  of  Heat  bt  Liquids  {TyndaU). 


Names  of  Liquids. 


Biralphlde  of  Carbon, 
Qilorofonn. 

Iodide  of  Methyl,  . 
Iodide  of  Ethyl, 

Benzol,       .       .  . 

Amylene,  . 

Snlphurlo  Ether,  • 

Acetic  Ether,    .  . 

Formic  Ether,   .  . 

Aloohol,     .       .  • 
Water, 


Thickmess  or  Liquids  in  Fabts  or  an  Inch. 


00a 


55 
i6-6 

361 
38a 

58-3 
633 


65-3 
673 
807 


0*04 


8-4 
as'o 

46-5 
50-7 

557 

65 'a 

73  5 
740 
763 
78-6 
861 


o  07 


ia-5 
35 'o 

53a 
590 
6a '5 
73*6 
76-x 
78*0 

88-8 


0x4 


X5a 

40*0 
65-3 
69 'o 
7«S 

''I'l 
78*6 

8a 'o 

84*0 

853 
91*0 


o'a7 


«7-3 
44-8 

e^6 

7x5 

73*6 
8a '3 

8s  a 

86'z 

87-0 

89'x 

91 'o 
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These  ninnberg  ezpren  the  per-centage  of  abaorbed  rays ;  thw,  a  layer  of  bianlphide  of  oarboa 
of  0'I4  inoh  thickneat  abaorba  15*2,  and  tranamita  84*8  of  every  100  Inddent  laya^  while  benso], 
in  a  layer  of  the  aame  thickneaa,  abaorba  71*5,  and  tranamita  28*5  per  cent.  Water  ia  aeen  to 
abaorb  more  heat  than  any  aubatanoe  in  tiie  table.  The  abaoiption  of  heat  by  the  Tapooia  of 
theae  aame  Ixomda  waa  next  tried,  and  the  order  of  abaoiption  waa  found  to  be  the  aame  when 
the  Bonroe  of  heat  waa  the  aame,  and  the  quantity  of  matter  in  each  condition  equal  "  We 
may,"  writea  l^dall,  **  aafely  infer  that  this  position  of  a  vapour,  aa  an  abaorber  or  radiator,  la 
determined  by  that  of  the  liquid  from  which  it  ia  derived.** 

Until  reoently,  it  waa  believed  that  gaaea  and  vapoura  ezeroiae  no  abaorptive  power  upon 
radiant  heat.  It  waa  thought,  aa  the  moleoulea  whidi  oompoae  matter  in  the  gaaeoua  oonditioii 
are  ao  infinitely  further  i^Mfft  than  thoae  of  aolida  and  liquida,  that  no  hindranoe  oonld  be  offered 
to  the  paaaage  of  the  motion  of  the  ether  known  aa  radiant  heat.  This,  however,  haa  been  dis- 
proved, and  Tyndall  (to  whom  we  owe  nearly  the  entire  treatment  of  this  branch  of  the  aubject^ 
haa  ahown  that  goaea  and  vapoura  exerdae  very  considerable  power  upon  radiant  heat.  It  will 
be  well,  before  we  apeak  of  the  reaulta  obtained,  to  indicate  the  general  nature  of  the  apparatoa 
employed,  but  aa  it  ia  somewhat  complex,  those  who  are  specially  interested  in  the  subject,  maj 
preferably  read  the  detailed  description  given  in  the  "Philosophical  Tranaactiona,"  or  in  Pro- 
feaaor  Tyndill's  book  on  '*  Heat  oonaidmd  aa  a  Mode  of  Motion."  The  main  featurea  of  the 
i^paratus  are,  a  tube  of  braaa  or  glaaa,  called  the  aq>erimiental  fuie,  capable  of  being  exhanated, 
and  in  connection  with  a  barometer  tube,  ao  that  a  gaa  or  vapour  of  any  known  preasura  may 
be  introduced.  This  tube  is  closed  air-tight  with  plates  of  polished  rock-salt.  In  front  of  one 
end  of  the  tube,  a  cube  containing  boiling  water  ia  placed,  and  at  the  other  extremity  a  thermo- 
electric pile  fitted  with  two  oonea,  one  being  exactly  opposite  the  rock-salt  plate  which  doaea 
that  end  of  tube,  and  the  other  qppoaite  a  aecond  cube  fiUed  with  water  kept  boiling.  Thua 
there  are  two  equal  aouroea  of  heat  which  radiate  heat  upon  theoppodte  facea  of  the  thermopile, 
the  laya  from  one  of  which  paaa  through  the  experimental  tube,  containing  the  gaa  or  vi^ur  to 
be  examined,  before  falling  upon  the  pile.  These  aouroea  of  heat  are  arranged  in  auch  a  manner 
that  they  exactly  neutraUae  eadi  other,  and  the  needle  of  the  galvanometer  which  indicatea 
the  amount  of  heating,  stands  at  zero.  If  now  a  gaa  be  admitted  into  the  tube,  an  inequality 
will  be  produced  ;  if  it  abaorba  some  of  the  heat  related  from  the  cube  nearest  to  it,  it  is  obvi> 
ouB  that  the  other  aouroe  of  heat  will  predominate,  and  a  deflection  of  the  needle  of  the  giJvano- 
meter  will  result,  showing  an  unequal  heating  of  the  oppodte  facea  of  the  thermopile.  By  experi* 
ments  on  defiant  gas  at  small  pressures,  Tyndall  found  that  *'  when  very  small  quantities  of  gaa 
are  employed,  the  abaoiption  ia  sensibly  proportional  to  the  dendty."  The  following  table  ahowa 
the  rdative  abaorptiona  of  various  gases,  at  the  ordinary  atmospheric  pressure  (30  inches  of 
mercury),  and  at  one-thirtieth  of  that  pressure  (l  inch  of  mercuiy).  In  the  case  of  gases  which 
readily  absorb  heat,  nearly  the  whole  absorption  takes  place  in  the  portion  of  gas  which  first 
enters  the  experimental  tube ;  hence,  by  dinunishing  the  pressure  of  gaa,  the  relative  abeoiptiona 
preaent  wide  differencea,  aa  we  aee  in  the  aecond  column. 

Absobftton  of  Hbat  bt  Gases  {Tjpiddn), 


Xawb  or  Oxa. 

* 

BSLATXVa  Absorpttos . 

Kami  or  Gas. 

RxuLTivs  AnsoRpnov. 

At  30  Inches 
Pressure. 

At  X  Inch 
Preerare. 

At  30  Inches 
Pressure. 

At  X  Inch 
Pressure. 

Air,      .... 
Oxygen,       . 
Nitrogen,    . 
Hjdrogen,  . 
Chlorine, 

Hydrochloric  Acid,    . 
Carbonic  Oxide, . 

I 
I 

X 

X 

39 
6a 

90 

X 
X 
X 

X 

60 

x6o 

750 

Carbonic  Add,   . 
Nitrons  Oxide,    . 
Sulphide  of  Hydrogen, 
Solphnroos  Acid, 
Oleflant  Gas, 
Ammonia,  . 

90 
355 
390 
710 
970 
XX95 

i860 

9XOO 
6480 
60;^ 
5460 

We  thus  see  that  ammonia  absorbs  no  less  than  5460  times  as  much  heat  as  air,  at  a  pressure 
of  one  inch  of  mercury.  The  first  four  gases  absorb  scarcely  any  heat ;  in  fact,  as  Tyndall 
expresses  it,  they  act  practically  as  a  vacuum  towards  radiant  heat ;  their  action  is  almost  a 
vanishing  quantity.  The  comparison  of  simple  with  compound  bodies  presents  curious  resdts  ; 
the  absorption  of  chlorine  is  60  times  that  of  hydrogen  at  i-inch  pressure,  but  the  absorption  of 
hydrochloric  add  (which  is  composed  of  equal  volumes  of  hydrogen  and  chlorine  chemically 
oombined),  is  160 ;  therefore  the  compound  molecule  intercepts  more  heat,  or  stops  more  motion, 
than  dther  of  the  single  molecules. 

In  the  case  of  vapours  the  experimental  tube  was  exhausted,  and  a  small  flask  containing  the 
volatile  liquid  was  then  placed  in  communication  with  the  tube,  until  the  desired  pressure  was 
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obtainecL  In  the  following  table  the  preserores  were  respectively  o*i,  0*5,  and  I  inch  of  mercury^ 
and  the  niunbera  are  referred  to  the  absorption  of  30  inches  (i  atmosphere)  of  dry  air  :  thus 
tSfth  of  an  inch  of  bisulphide  of  carbon  vapour  absorbs  fifteen  times  as  much  heat  as  air  at  the 
ordinary  pressure ;  while  ^  an  inch  of  chloroform  absorbs  182  times  as  much,  and  I  inch  of  acetic 
ether  no  less  than  1 195  times  as  much. 

Absobption  op  Heat  by  Vapoubs,  (TyndaU). 


Kajcbs  or  Vafoubs. 

PasssuKSS. 

PaSSSUKER. 

o'xin. 

o'sln. 

x-o  In. 

X« AJCBS  OW  VAPOUBS.    • 

o'x  In. 

0-5  In. 

x*o  In. 

Bi-snlphide  of  Carbon, 
Iodide  ol  Methyl,    .    . 

Bensol, 

Chloroform,   .... 
Hethylio  Hoohol,  .    . 
Amylene, 

35 
66 

8S 
log 

z8a 

47 
xSa 

Z89 

390 
535 

62 
343 
267 
236 

590 
823 

StUphoric  Ether,     . 
AlcohoL 

300 

325 
480 

^^ 

710 
622 

X 

970 

■  • 

870 

•  • 

X07S 
X195 

•  « 

•  • 

Formic  £tfaer,     .    .    , 
Acetic  Ether,      .    . 
Propionate  of  Ethyl,    , 
Boracic  Add,      .    .    , 

TyndaU  also  tried  the  absorptive  power  of  various  perfumes  for  radiant  heat,  and  found, 
among  other  results,  that  an  infinitely  small  amount  of  the  vapour  of  otto  of  roses  absorbs  36 
times  as  much  heat  as  air,  while  spikenard  absorbs  355  times  as  much.  The  action  of  ozone 
upon  radiant  heat  is  very  marked ;  it  absorbs  powerfully,  and  is  to  be  placed  beside  defiant  gas 
and  the  other  substances,  near  the  bottom  of  the  tables  given  above. 

According  to  Tyndall  aqueous  vapour  is  a  powerful  absorber  of  heat.  The  aqueous  vapour 
in  the  atmosphere  was  found  to  absorb  72  times  as  much  heat  as  dry  air  itself,  and  in  an  atmos- 
phere in  which  many  persons  are  breathing,  it  is  at  least  80.  *'  Lookin.gr  at  the  single  atoms," 
writes  Tyndall,  '^for  every  200  of  oxygen  and  nitrogen  there  is  about  I  of  aqueous  vapour. 
This  I  is  80  times  more  powerful  than  the  200,  and  hence,  comparing  a  single  atom  of  oxygen  or 
nitrogen  with  a  single  atom  of  aqueous  vapour,  we  may  infer  that  the  action  of  the  latter  is 
16,000  times  that  of  the  fonner."  The  effects  of  this  result  on  certain  meteorological  pheno- 
mena will  be  noticed  elsewhere.     See  also  Diathermancy  ;  Dynamic  IfeaHng  of  Gases, 

ABSOKPTION  OF  LIGHT.  All  transparent  bodies  absorb  light  in  a  more  or  less  degree. 
It  is  very  seldom  that  all  colours  are  absorbed  uniformly.  A  selective  absorption  usually  takes 
place.  Thus  considerable  thicknesses  of  the  purest  water  show  a  greenish  colour ;  glass  shows 
a  bluish  green  colour ;  air,  a  reddish  colour.  Coloured  glasses  al^rb  certain  portions  of  the 
spectrum  and  allow  others  to  pass.  The  incandescent  atmosphere  surrounding  the  sun  and 
fixed  stars  absorbs  an  innumerable  number  of  rays  of  light,  forming  what  are  billed  the  fixed 
lines  of  the  spectrum.  The  varying  absorptive  actions  which  bodies  exert  upon  light  cause 
variations  of  transparency  and  opacity.  See  Atmospheric  Lines  of  the  Spectrum;  Colour,  Absorption 
of;  Colours  of  Bodies  ;  Bloody  Absorption  lines  in  ;  Spectrum, 

ABSORPTION  OF  LIGHT  BY  DOUBLE  BEFRACTING  CRYSTALS.  See 
Dichroigm. 

ABSORPTION  LINES  OF  SPECTRA.  Certain  transparent  substances  are  opaque  to 
certain  coloured  rays  of  light,  and  when  they  are  interposed  in  the  path  of  a  ray  of  white  light 
which  is  afterwards  submitted  to  prismatic  analysis,  this  opacity  causes  gaps  to  be  observed  in 
the  spectrum.  Sotie  minerals,  such  as  the  jargon,  pariaite  ;  some  crysttdlised  bodies,  such  as 
salts  of  didymium,  erbium,  uranium,  &c. ;  many  metallic  solutions,  and  a  few  gases  and  vapours, 
produce  absorption  lines  of  great  sharpness,  forming  systems  of  more  or  less  complexity.  Other 
substances  do  not  produce  sharply  defined  black  lines  across  the  spectrum,  but  carve  out  bands 
having  an  indistinct  outline.  The  absorption  bands  of  ]Aood  and  many  organic  colouring  matters 
are  of  this  class.  See  Absorption  Lines  of  Opals  ;  A  bsorpHon  Spectra  ;  Blo^  A  bsorption  Lines  in  ; 
Spectrum. 

ABSORPTION  LINES  OF  OPALS.  When  opals  are  examined  in  the  spectroscope  or 
spectrum  microscope  they  occasionally  show  absorption  bands  crossing  the  spectrum  diagonally 
or  in  zigzag  paths.  Examined  in  the  binocular  spectrum  microscope  the  bands  sometimes  have 
a  spiral  structure  in  relief,  movingalong  the  spectrum  and  rolling  over  on  the  axis  as  the  opal  is 
moved  across  the  field  of  view.  The  explanation  of  these  phenomena  is  probably  as  follows  : — 
In  the  case  of  the  moving  line,  the  light-emitting  plane  in  the  opal  is  somewhat  broad  and  has 
the  property  of  giving  out  at  one  end,  along  its  whole  height,  and  for  a  width  equal  to  the 
breadth  of  the  band,  say,  red  light ;  this^merges  gradually  into  a  space  emitting  orange,  and  so 
on  throughout  the  entire  length  of  the  spectrum,  or  through  that  portion  of  it  which  is 
traversed  by  the  moving  line  in  the  instrument ;  the  successive  pencils  (or  rather  ribbons)  of 
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emitted  light  pMsiDg  through  all  degrees  of  refrangibility.  It  ii  evident  that  if  thia  opal  is 
alowly  passed  across  the  slit  of  the  spectram  microscope  the  slit  will  be  suooessiYely  illuminated 
with  light  of  gradually  increasing  refrangibility,  and  the  appearance  of  a  moving  luminouB  line 
will  be  produced;  and  if  transmitted  light  is  used  for  illumination  the  reversal  of  the 
phenomena  will  cause  the  production  of  a  black  line  moving  along  a  coloured  field.  A  diagonal 
line  will  be  produced  if  an  opal  of  this'  character  is  examin^  in  a  sloping  Dosition.  See  Opals, 
Optieal  Phenomena  of ;  also  Proceedings  of  the  Royal  Society,  1869,  p.  448. 

ABSORPTION  SPECTRA.  The  system  of  lines  which  certain  substances  produce  when 
the  spectrum  is  viewed  through  them  is  called  the  absorption  spectrum.  In  many  cases  these 
systems  are  sufiBcientlv  marked  to  be  used  as  a  test  for  recognising  the  presence  of  these  sub- 
stances.   See  Abtorptton  of  Light ;  Spectrum;  Spectrum  Analytic, 

ACCELERATION.  (AcedenUio,  from  ad  and  celero^  to  hasten ;  ircXXety,  to  drive,  move.) 
The  rate  of  variation  of  the  velocity  of  a  moving  point  or  body.  It  may  be  uniform  or  variable. 
When  the  velocity  receives  equal  increments  in  equal  times  the  acceleration  is  said  to  be  uni- 
form, and  IS  then  the  increase  of  velocity  in  a  second  of  time.  Suppose,  for  example,  that  a 
body  is  in  motion  under  the  action  of  a  force  producing  a  uniform  acceleration,  and  suppose 
that  the  velocity  at  one  instant  is  found  to  be  30  feet  per  second,  and  one  second  later  45  feet 
per  second,  the  increase  of  velocity,  or  15  feet  per  second,  is  the  acceleration. 

Acceleration  is  variable  when  the  velocity  does  not  receive  equal  increments  in  equal  times. 
The  acceleration  at  any  instant  is  then  measured  by  the  velocity  which  would  be  gene- 
rated in  a  second  if  the  acceleration  remained  constant  during  the  second.  If,  for  instance, 
a  body  be  moving  at  the  rate  of  30  feet  per  second,  and  its  velocity  be  increasing  at  that 
instant  so  that  if  tiie  rate  of  increase  be  preserved  for  a  second  the  velocity  will  be  45  feet  per 
second,  then  the  acceleration  is  15  feet  per  second*  There  may  be  forces  in  action  which  will 
increase  or  diminish  the  rate  of  variation  of  the  velocity,  so  that  at  the  end  of  the  second  it 
will  not  really  be  45  feet ;  nevertheless  the  acceleration  at  the  particalar  instant  considered  is 
15  feet  per  second. 

It  is  frequently  eonvenient  to  consider  the  whole  velocity  as  made  up  of  two  component 
velocitieB,  and  in  the  same  way  the  whole  acceleration  may  be  supposed  to  result  from  two 
component  accelerations.  When,  for  instance,  a  body  moves  in  a  curved  path,  it  is  frequently 
convenient  to  consider  the  acceleration  along  the  radius  vector  and  perpendicular  to  it ;  or 
along  the  normal  and'  along  the  tangent.  When  a  point  moves  in  a  circle,  the  normal  accelera- 
tion is  found  by  dividing  the  square  of  the  velocity  by  the  radius  of  the  circle.  From  the 
second  and  third  laws  of  motion  when  pressure  produces  the  motion  of  a  body  the  greater  the 
pressure  the  greater  the  acceleration,  and  the  greater  the  mass  moved  the  less  the  acceleration. 
The  simplest  esse  of  a  force  producing  a  uniform  acceleration  is  that  afforded  by  the  action  of 
the  earth  on  falling  bodies.  (See  Pcmng  Bodies.)  The  increase  of  velocity  in  this  case  is  pro- 
portional to  the  time  and  nearly  equal  to  32*2  feet  per  second. 

ACCELERATION  OF  THE  FIXED  STARS.  The  rate  of  the  stars'  apparent  diurnal 
motion  is  slightly  greater  than  that  of  the  sun's,  because  the  sun's  apparent  yearly  motion  takes 
place  (though  mud^  more  slowly)  in  a  direction  contrary  to  that  of  his  apparent  daily  motion. 
Compared  with  the  sun  the  stars  thus  seem  to  gain  about  3m.  56s.  each  day,  coming  by  that 
interval  earlier  and  earlier  each  successive  day,  to  the  meridian.  This  apparent  gain  is  caUed 
their  acceleration. 

ACCELERATION  OF  THE  MOON  ;  or,  AcceUratum  of  the  Moon'i  mean  motion.  One  of 
the  most  interestmg  peculiarities  of  the  lunar  motions.  It  was  noticed  by  Halley,  that  when 
ancient  eclipses  are  compared  with  modem  lunar  observations,  the  moon  is  found  to  be  moving 
faster  now  on  her  course  round  the  earth  than  in  former  times.  The  explanation  of  this  peculi- 
arity was  for  a  long  time  sought  for  unsuccessfully  by  the  leading  professors  of  the  Newtonian 
system  of  astronomy  ;  indeed  it  may  be  said  even  now,  that  the  acceleration  of  the  moon  is  a 
problem  but  partially  solved.  We  owe  to  Laplace  the  first  successful  attempt  to  resolve  the 
difficulty.  He  showed  that  the  moon's  motion  undergoes  an  acceleration  through  the  slow  pro- 
cess of  diminution  which  the  eccentricity  of  the  earth's  orbit  is  undeigoing.  Owing  to  this 
change,  there  results  (on  the  whole)  a  slight  diminution  of  the  sun's  influence  upon  the  moon's 
motions.  The  influence  of  the  earth  being  thus  increased,  the  same  effect  accrues  as  would 
follow  from  a  slight  increase  in  the  earth  s  mass, — in  other  words,  a  slight  decrease  in  the 
moon's  period  of  revolution.  It  has  recently  been  shown  by  Professor  Adams,  that  Laplace 
overestimated  the  effect  of  this  variation  in  the  figure  of  the  earth's  orbit ;  and  that,  instead  of 
accounting  for  the  acceleration  actually  observed,  as  Laplace  supposed,  it  accounts  for  barely 
one-half  of  that  acceleration.  It  is  the  remaining  half  which  remains  unexplained.  Delaunay 
refers  it  to  a  retardation  of  the  earth's  motion  of  rotation,  caused  by  the  iiifluence  of  the  tidal 
wave  raised  by  the  moon  ;  but  no  satisfactory  answer  has  yet  been  given  to  the  question  how 
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far  this  cause  is  capable  of  accounting  for  the  actual  value  of  the  outstanding  balance  of  retarda- 
tion. 

ACCIDENTAL  COLOUES.  When  the  eye  has  looked  at  an  intense  colonr  for  some  time, 
it  appears  to  become  tired  and  incapable  of  appreciating  that  particular  colour  as  readily  as  it 
can  do  other  colours.  Thus,  if  a  red  wafer  is  looked  at  steadily  for  a  few  minutes,  and  the  eye 
is  then  suddenly  turned  to  a  sheet  of  white  paper,  the  portion  of  the  retina  on  which  the  red 
image  formerly  fell  being  partially  tired  by  the  red  rays,  will  not  appreciate  that  component  of 
the  white  light  reflected  from  the  paper  so  easily  as  it  will  the  other  colours.  A  greenish  patch 
will  therefore  be  obsenred  on  the  paper.  This  is  called  an  accidental  colour,  and  the  image  is 
called  an  ocular  spectrum.  The  accidental  colour  of  tho  ocular  spectrum  is  always  compU- 
mentary  to  the  real  colonr.     See  Ocula/r  Spectrum. 

ACCUMULATED  FORCE.  (Accumulo,  to  heap  np ;  Cfumulus,  a  heap.)  The  power  of  a 
moving  body  to  overcome  resistance.  When  a  force  acts  on  a  body  so  as  to  produce  its  motion, 
the  force  must  be  in  excess  of  the  resistances  to  the  motion,  consequently  power  is  imparted  to 
the  body  at  each  instant,  which  is  not  absorbed  by  the  resistances ;  this  power  is  called  the 
accumulated  force.  The  measure  of  the  power  thus  developed  is  the  measure  of  the  capacity  of 
the  moving  mass  to  overcome  any  additional  resistance  which  may  be  opposed  to  it ;  thus  the 
accumulated  force  at  any  instant  is  measured  by  the  momentum  of  the  moving  body.  The 
efficacy  of  hammers,  pile-driving  machines,  fly-wheels,  and  similar  contrivances,  depends  on 
accumulated  force.    See  Momentum, 

ACETAL.  A  colourless  liquid,  having  an  agreeable  and  refreshing  odour,  prepared  by  the 
imperfect  oxidation  of  alcohol  by  means  of  platimmi  black  ;  or  by  distillation  with  sulphuric  add 
and  oxide  of  manganese.  Its  formula  is  C^Hi^O, ;  its  specific  gravity  is  0*821  ;  it  boils  at 
105°  C.  (221"  F.),  and  does  not  alter  by  exposure  to  the  air.    Vapour  density  =  4*141. 

ACETATES.  Combinations  of  acetic  acid  with  a  base  are  called  acetates.  They  are  all 
soluble  in  water,  and  for  the  most  ]jart  crystallise  readily.  The  following  are  the  most  important 
acetates : — Acetate  of  Aluminium. — ^This  salt  only  exists  in  solution,  being  decomposed  by 
evaporation  ;  it  is  supposed  to  have  the  formula  (C2HgOs)3.Al,.  It  is  largely  used  in  dying 
and  calico  printing  as  a  mordant,  and  is  prepared  by  precipitating  alum  with  acetate  of  lead, 
sulphate  of  lead  being  thrown  down,  and  a  mixture  of  acetate  of  aluminium  and  sulphate  of 
potassium  remaining  in  solution.  Acetate  of  Ammonium. — The  neutral  acetate  is  a  white  crys- 
talline salt  of  the  formula  C^Hfi^.N'H.M,  It  ia  readily  soluble  in  water  and  alchohol,  and 
evolves  ammonia  on  evaporation,  so  that  it  is  difficult  to  obtain  pure  and  crystalline ;  its  solution 
is  known  in  pharmacy  as  Spiritus  Mindereri.  Acetate  of  Copper. — Copper  founs  several  acetates; 
the  normal  salt  is  known  as  crystaUised  verdigris.  It  forms  dark  bluisn-green  prismatic  crystals, 
which  are  efflorescent  and  very  poisonous  ;  its  formula  is  C2H3O1CU.  There  are  three  basic 
acetates  of  copper,  named  respectively  the  sesqui'basic,  of  the  formula  (C2H30,Cu)4.CUfO ; 
the  di-basic  (CsH30sCu)j.Cu^0  ;  the  tri-basic  C3H3O3CU.CU2O.  These  are  all  contained  in 
common  verdigris,  which  is  largely  used  both  as  a  pigment  and  as  a  mordant  in  dyeing ;  it  is 
obtained  by  submitting  metallic  copper  to  the  joint  action  of  air  and  the  vapours  of  acetic  acid. 
Mue  verdigris  is  almost  pure  di-baaic  acetate  of  copper,  and  green  verdigris  consists  almost  entirely 
of  sesqiu-basic  acetate  of  copper.  AceUxirsenite  of  Copper. — ^A  beautiful,  but  very  poisonous 
green  pigment,  known  in  commerce  as  Arsenic  green,  Schweinfurt  green,  and  Imperial  green;  its 
Formula  is  CsHsO^Cu.  3  As  O^Cu.  It  is  prepared  by  boiling  verdigris  and  arsenious  acid 
together.  It  is  insoluble  in  water.  Acetate  of  Iron, — Iron  forms  two  acetates ;  the  only  one 
of  interest,  however,  is  the  ferric  acetate,  whidi  is  generally  prepared  by  mixing  per-sulphate  of 
iron  with  acetate  of  lead.  It  has  not  been  obtained  in  the  crystalline  state,  but  forms  a  red- 
brown  solution,  which  decomposes  on  ebullition.  A  very  crude  mixture  of  the  ferrous  and  the 
ferric  acetate,  known  as  pyrolignite  of  iron,  is  largely  used  as  a  mordant  in  dyeing  black. 
Acetate  of  Lead. — Lead  forms  a  normal,  and  several  basic  acetates.  Normal  acetate  of  lead 
(known  also  as  sugar  of  lead)  is  a  white  crystalline  salt^  having  a  sweet  astringent  taste,  and 
being  very  poisonous.  Its  formula  is  C]H303Pb.  When  oxide  of  lead  is  digested  with  a 
solution  of  the  normal  acetate,  the  tri-basic  acetate  is  formed  in  long  silky  needles.  A 
solution  of  this  salt  is  frequently  used  on  account  of  its  property  uf  precipitating  many 
vegetable  substuices,  such  as  gums  and  colouring  matters.  It  is  used  in  medicine  under 
the  name  of  Goulard  Water.  Acetate  of  Potassium  (C^HsOjK),  is  a  very  difficultly  crysta- 
llne  salt,  delinquesoent  and  melting  to  a  limpid  liquid  below  redness.  It  exists  in  the  juices  of 
many  plants,  and  is  prepared  artificially  by  neutralising  acetic  add  with  carbonate  of  potassium. 
Acetette  of  Silver. — This  salt  is  the  least  soluble  of  the  normal  acetates,  requiring  icx>  parts  of 
cold  water  to  dissolve  it ;  it  can  therefore  be  prepared  by  adding  nitrate  of  silver  to  acetate  of 
potassium,  both  in  strong  solution ;  it  then  falls  down  as  a  white  crystalline  predpitate. 
Its  formula  is  CjHjGi  Ag.     Acetate  of  Sodium  (C^'EL^OJSa,),  an  efflorescent  crystalline  salt, 
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prepared  by  afttunting  aoetio  add  vith  carbomate  of  sodium.     On  eTaporation  it  separates  in 
large  transparent  prisms. 

ACETIC  ACID.  {Aeeivmy  vinegar).  An  acid  which  exists  nfttaraUy  in  the  jtuoes  of  sereral 
trees.  It  is,  however,  almost  always  prepared  artificially  either  by  fermentation  of  spirit,  or 
by  the  destmctiTe  distilUtion  of  wood.  In  the  former  case  the  alcohol  absorbs  atmospherio 
oxygen  under  the  influence  of  a  ferment,  and  ii  converted  into  acetic  add.  In  this  state  it  ii 
called  vinegar  ;  distilled  vinegar  being  the  same  liquid  deprived  of  its  non-volatile  and  colouring 
matters.  Acetic  add  is  generally  prepared  from  the  sour  liouid,  obtained  when  wood  is  su^ 
mitted  to  distillation,  known  as  pyroligneous  acid.  The  crude  liquid  ia  purified  by  saturation 
with  a  base  and  re-dirtillation  with  an  add.  The  pure  acetic  acui  when  free  from  water  has 
the  composition  CsH40^  its  specific  gravity  is  l'o635.  At  ordinary  temperature  it  is  solid 
and  crystalline,  and  is  known  as  glacud  acetic  add.  It  solidifies  at  about  60*  F.,  and  boils  at 
246"  F.  It  ha4  a  very  pungent  sour  taste  and  odour,  and  bUsters  the  skin.  Its  v^wur  is 
inflammable.  It  saturates  liases^  forming  salts  which  are  generally  well  crystallised.  (See 
AceUUet.) 

ACETIC  ETHER  ;  or,  Aeektte  of  EthyL  A  colourless  liquid  having  a  pleasant  ethereal 
odour  strongly  resembling  that  of  apples ;  its  specific  gravity  is  0*932,  it  boils  at  166*  F.  Its 
composition  is  C,H,O(.CsH0.  It  is  formed  by  distilling  acetate  of  sodium,  alcohol,  and 
Bulphurio  add.  It  is  aofJogous  to  a  metallic  acetate,  the  metal  of  which  is  replaced  by 
ethyl 

ACETONE.  A  colourless,  very  mobile  liquid,  prepared  by  the  drr  distillation  of  an  acetate. 
Its  formula  is  CgH^O.  It  boils  at  132**  F.,  and  has  an  agreeable  odour  and  taste  resembling 
that  of  peppermint ;  it  evaporates  quickly  producing  great  reduction  of  temperature.  Its 
specific  gravity  is  0792.  The  term  Acetone  or  Ketone  is  one  applied  to  a  class  of  bodies  com 
posed  of  an  acid-radictJ  united  with  an  alcohol-radical ;  thus  ordinary  acetone  is  methyl-aoetyL 
The  following  is  a  Ust  of  the  Acetones  or  Ketones  at  present  known  : — 


Methyl-acetyl  (Acetone), 
Methyl-butyryl,     . 
Ethyl-propionyl  (propione), 
Ethyl-butyryl, 
Methyl-valyl,         .  • 

Trityl-butyryl  (butyrone), 
Methyl-cenanthyl,  • 

Tetryl-valyl  (valerone), 
Amyl-capronyl  (capronone), 
Heptyl-capryl  (caprylone), 
Octyl-pelargonyl  (pelargonone), 
Laurone, 
Myristone, 
Palmitone  or  Margarone, 


CHj.CjHjO 
CHj.C.HyO 
CsHg.CjjHgO 
CjHg.  C^HyO 

C  H J.  Cgll^O 
C  Xl;|.  C^HiJiO 

C^Hj-CbHO 

CjHji.CjHiiO 

C-Hig.CjH^O 

i,H„0 


CiiHjj 


.C, 


^isHjj.Cj^HpO 


C,H,. 


C 
C 


ijHji.CijHjiO 


It 


Hail.  CiaHmO 


88*  ^M  "8*^ 

is  a  constituent  of 


Stearone, 

ACETYLINE.  A  gaseous  hydro-carbon  of  the  composition 
*  coal-gas,  and  may  be  formed  amongst  other  ways  by  the  direct  union  of  carbon  and  hydrogen  at 
the  high  temperature  of  tilie  electric  spark.  It  ii  a  colourless  gas,  slightly  soluble  in  water, 
burning  with  a  bright  smoky  flame.  Its  specific  gravity  is  0*92.  When  passed  into  ammmiaoal 
solutions  containing  copper  or  silver,  it  unites  with  these  metals,  forming  insoluble  acetylides^ 
which  when  dry  explode  violently  on  the  application  of  heat. 

ACHEKNAR.  (Arabic.)  A  fine  star  in  the  southern  heavens,  the  chief  briUlant  of  the 
constellation  Eridanus.    It  does  not  rise  above  the  horizon  of  London. 

ACHROMATIC  PRISM.  Under  the  head  of  achromatism  we  have  explained  how  it  is 
possible  to  obtain  refraction  without  dispersion  by  placing  together  two  lenses  of  different  kinds 
of  glass.  By  taking  prisms  of  flint  and  crown  glass  of  such  angles  that  the  dispersions  are 
alike,  and  then  pladog  them  together  reversed,  the  pendl  of  light  refracted  and  dispersed  in  one 
direction  by  the  flint  glass  will  be  refracted  and  dispersed  in  the  opposite  direction  by  the 
crown  glass.  The  diie^persions  being  equal  in  amount  will  neutralise  each  other,  but  the 
refractions  being  different  there  will  be  a  balance  of  one  over  the  other,  and  the  result  will  be 
refraction  without  any  prismatic  decomposition  of  light.     (See  Achromatism.) 

ACHROMATIC  TELESCOPE.  A  telescope,  the  object-glass  of  which  is  rendered  achro- 
matic (see  Achromatum).  Achromatic  telescopes  are  now  universally  employed,  except  when 
reflecting  specula  are  used.  One  of  the  best  treatises  on  the  general  prindples  of  the  achro- 
matic tdesoope  is  by  William  Simms,  F.RS.  (The  Achromatic  Telescope,  London.)  See  also 
artides  on  this  subject  in  Nichol's  Physical  Sciences.    We  have  made  use  of  these  in  the  follow- 
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ing  datails  :~In  the  larger  sized  telescopes  for  astronomical  purposes  the  body  is  usually  of  one 
tube.  In  the  smaller  ones  it  is  formed  of  several  tubes  sliding  within  each  other  for  the  sake  of 
portability  ;  this  form  is  applicable  only  to  pocket  telescopes  used  for  terrestrial  purposes,  in 
which  small  deviations  from  straightness  will  not  sensibly  impair  the  performance  of  the  instru- 
ment ;  but  such  a  construction  is  wholly  inapplicable  to  more  powerful  telescopes,  for  which  the 
tubes  cannot  be  too  rigid,  flexure  deranging  the  concentric  positions  of  the  included  lenses,  and 
therefore  injuring  the  effect.  Several  rings  or  itops  are  placed  within  the  body  of  the  telescope ; 
they  serve  the  twofold  purpose  of  strengthening  the  tube,  and  of  cutting  off  aJl  extraneous  light 
which,  if  admitted,  would  diffuse  a  foggy  or  nebulous  appearance  over  the  whole  field  of  view, 
and  interfere  greatly  with  distinctness.  These  stops  have  holes  of  such  diameters,  and  are 
arranged  at  such  distances,  that  the  light  is  limited  to  the  cone  of  rays  converged  by  the  object* 
glass.  Gare,  however,  must  be  taken  that  the  effective  aperture  of  the  object-glass  is  not 
^ssened  by  them,  or  the  advantage  of  the  larger  instrument  will  be  lost.  Tins  may  be  proved 
by  looking  through  from  the  eye-end  of  the  telescope  without  an  eye-piece,  the  eye  being  in  or 
near  the  focus  of  the  objec^glass,  under  which  drcumstanoes  the  whole  of  the  object-glass 
should  be  seen,  but  all  parts  of  the  intervening  tube  should  be  concealed.  The  stops,  and  also 
the  inside  of  the  tube,  as  far  as  practicable  at  all  events,  near  the  object-end  should  be  covered 
with  a  dull  black  pigment,  in  order  that  no  light  may  be  reflected  in  any  direction  within  the 
tube.  The  performance  of  a  telescope  depends,  in  no  small  degree,  on  the  accuracy  of  every 
part  of  the  work ;  the  tubes  should  be  straight,  and  the  joints  and  cells  very  carefully  turned 
and  fitted  ;  for  if  these  precautions  be  not  used,  the  lenses  will  not  have  a  common  axis,  a  con- 
dition indispensable  to  anything  like  a  satisfactory  effect.  The  fitting  and  fixing  of  an  object- 
glass  within  its  cell  is  an  operation  which  requires  a  great  deal  of  experience.  The  lenses  must 
not  be  so  loosely  held  as  to  be  at  liberty  to  change  their  positions,  neither  must  they  be  so 
tightly  fixed  as  to  incur  the  smallest  risk  of  being  bent  or  pinched,  either  by  the  screwing  of  the 
object-cell  into  the  object-end  of  the  tube,  by  contraction  of  the  cell  in  cold  weather,  or  by  any 
other  cause.  The  effoct  of  contraction  of  the  cell  in  cold  weather,  for  example,  is  a  circum- 
stance which  requires  a  special  provision  in  telescopes  of  large  aperture  ;  for  if  the  cell  were 
made  so  large,  that  it  could  not  pinch  the  glass  in  extreme  cold,  it  would  be  improperly  loose  at 
the  temperature  of  our  warmest  seasons.  It  is  necessary  to  warn  the  inexperienced  observer, 
who  may  find  himself  under  the  necessity  of  removing  his  object-glass  from  the  cell  for  the 
purpose  of  cleaning,  that  care  must  be  tidken  to  replace  the  lenses  in  all  respects  as  they  were 
left  by  the  optician.  The  same  sides  of  the  lenses  must  be  in  contact  with  each  other,  and  the 
same  face  turned  towards  the  object : — an  error  in  either  of  these  respects  will  totally  spoil  the 
performance  of  the  object-glass.  Except  in  cases  of  necessity  an  object-glass  should  never  be 
removed  from  its  oeU.  The  only  reasonable  excuse  for  doing  so  is,  the  removal  of  moisture 
which  may  have  accidentally  penetrated  between  the  glasses ;  and  when  this  has  really  occurred, 
inasmuch  as  its  effect  will  be  to  produce  a  permanent  stain,  and,  in  some  degree,  to  impair  the 
brilliancy  of  the  instrument,  the  sooner  it  is  wiped  off  the  better.  The  heavy  flint-glass,  which 
has  a  large  quantity  of  lead  in  its  composition,  is  peculiarly  susceptible  in  this  respect,  so  much 
80  in  some  specimens,  that  exposure  for  a  short  time  to  a  moist  atmosphere,  more  especially  if 
it  be  charged  with  any  appreciable  quantity  of  sulphuretted  hydrogen,  produces  rapid  decompo- 
sition of  the  poUshed  surface.  A  soft  silk  handkerchief,  or  a  carefully-Kihosen  piece  of  chamois 
leather,  may,  perhaps,  be  most  safely  used  for  wiping  the  surfaces  of  an  object-glass  ;  and  the 
application  of  a  few  cbops  of  alcohol  will  assist  in  removing  any  impurities  that  adhere  to  the 
surfaces  of  the  lenses.  When  nothing  but  loose  particles  of  dust  require  to  be  removed,  a  soft 
camel's  hair  brush  is  by  far  the  best  instrument  for  the  purpose.  Necessary,  however,  as  an 
observer  may  find  it,  in  the  event  of  an  accident,  to  meddle  with  his  object-glass,  it  is  much  better, 
if  possible,  to  avoid  doing  so  altogether,  and  to  this  end  the  utmost  care  should  be  taken  to 
keep  it  out  of  the  reach  of  dust  or  moisture.  A  telescope  used  at  night  in  the  open  air  should 
be  furnished  with  a  dew-cap,  which  is  a  cylinder  of  metal,  black  within  and  bright  without,  and 
made  to  fit  upon  the  object-end  of  the  telescope,  its  length  varying  from  8  to  i8  inches,  accord- 
ing to  the  aperture  of  the  glass.  This,  under  ordinary  circumstances,  will  prove  a  sufficient 
d^enoe.  In  testing  the  quality  of  an  object-glass  the  considerations  especially  to  be  attended 
to  are  the  purity  of  the  material  and  the  correction  of  the  two  kinds  of  aberration,  the  spherical 
and  tlie  chromatic  It  will,  of  course,  be  obvious  that  in  addition  to  these  matters,  good  work- 
manshi])  in  the  formation  of  the  curves,  and  judicious  mounting  and  adjustment  wit^i  the  cell, 
are  conditions  indispensable  to  fine  performance  ;  for  even  with  good  materials,  and  due  atten- 
tion to  theory,  it  is  impossible  to  produce  a  good  object-glass  without  a  competent  degree  of 
practical  skill  in  working  and  mounting  the  lenses  of  which  it  is  composed.  Some  judgment  as 
to  the  purity  of  the  glass  may  be  formed  in  the  following  manner : — I>irect  the  telescope  to  the 
moon's  limb,  or  to  the  planet  Jupiter.    Take  out  the  eye-piece^  and  place  the  eye  in  or  near  the 
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focus  of  the  object-glaiB.    Then  if  the  eve  be  moyed  about  lo  that  the  patch  of  light,  with  i 

which  the  ob ject-glMS  appears  partly  filled,  be  made  to  pass  and  repass  slowly  across  its  surface,  j 

any  irregular  refractions,  and  especially  the  presence  of  veins,  will  be  immediately  detected. 
With  regard  to  the  spherical  and  chromatic  aberrations,  the  extent  to  which  the  first  has  been 
eliminated,  will  be  shown  by  the  permanence  of  the  focus,  whether  the  image  be  f onned  by  the 
centre  or  by  the  circumference  of  tiie  object-glass ;  and  the  last  by  the  absence  of  the  more  brilUant 
colours  of  the  spectrum ;  for  a  perfect  reunion  of  all  the  colours  is  in  general  unattainable. 
Por  the  adjustment  of  an  object-glass,  an  artificial  star,  formed  by  the  sun's  image  reflected 
from  a  polished  hemisphere  of  dark  coloured  glass,  or  the  ball  of  a  broken  thermometer  tube 
placed  at  any  convenient  distance,  say  from  thirty  to  sixty  yards,  is  an  excellent  object ;  so  like- 
wise is  a  small  circular  white  disc  upon  a  blade  groimd.  The  image  should  appear  sharp 
and  well-defined,  and  if,  on  being  put  a  little  out  of  focus,  the  enlarg^  disc  does  not  expand 
equally  all  round,  but  presents  an  elongated  figure  in  one  direction,  the  defect  is  generally 
attributable  to  the  mounting — ^not  to  the  glass — and  arises  from  the  object  end  being  tilted 
upon  the  tube.  The  performance  of  a  telescope  depends  more  upon  the  eye-piece  than  is 
ordinarily  imagined.  A  bad  eye-piece  will  undo  the  work  of  a  good  object-glass,  and  conse- 
quently too  much  care  cannot  be  used  in  making  a  selection.  The  loss  of  light  by  reflection 
and  absorption  in  an  eye-piece  consisting  of  two  or  more  lenses  has  induced  some  observers  to 
give  the  preference  to  a  single  lens,  either  convex  or  concave ;  and  if  such  a  lens  be  made 
achromatic  one  very  serious  objection  to  its  use  is  to  a  great  extent  removed.  There  will 
remain,  however,  the  inconvenience  of  having  so  small  a  field  of  view  that  the  working  of  a 
telescope  with  such  an  eye-glass,  especially  if  it  have  any  high  degree  of  magnifying  power,  is 
troublesome  and  embarrassing  in  the  extreme.  The  eye-piece  most  in  use,  and  altogether  best 
adapted  for  astronomical  purposes,  is  the  Hvygenian  or  Negative  eye-piece,  (which  see.) 
Mumtden^i  or  the  Positive  eye-piece  is  sometimes  used  for  micrometric  work,  and  the  Erecting 
eye-piece  is  used  for  terrestial  telescopes.  The  way  in  which  a  telescope  is  mounted  is  by  no 
means  a  matter  of  indifference.  Many  first-rate  instruments  are  little  used  or  used  to  no  good 
purpose  for  want  of  being  firmly  supported  and  fitted  with  such  mechanical  means  as  would 
enable  the  observer  to  find  an  object  and  examine  it  at  his  leisure.  The  different  forms  of 
stand  are : — The  pillar  and  claw  stand,  for  telescopes  of  from  50  to  45  inches  focal  length. 
This  stand  is  sometimes  furnished  with  vertical  and  horizontal  rack  movements  giving  slow 
motions,  by  means  of  which  the  observer  may  follow  a  star  much  more  perfectly  and  with 
greater  facility  than  he  would  by  merely  pressing  the  telescope  forward  by  hand.  Larger 
telescopes  are  generally  mounted  e^iiatorially,  or  as  meridian  instruments.  See  Achromatism  ; 
Eye-piece;  Negative  Eyepiece ;  Potitive  Eye-piece;  Object-glatt ;  Telacope;  Telescope,  Magnifying 
power  of. 

ACHBOMATISM.  (a,  without ;  xP<^fUL,  colour.)  It  has  been  found  that  prisms  of  different 
kinds  of  glass  cut  to  produce  spectra  of  the  same  length  refract  them  differently  ;  and  vice  vena^ 
when  cut  at  such  an  angle  that  they  have  the  same  mean  refraction,  the  length  of  the  spectrum 
or  dispersion  wUl  be  different.  Now,  if  a  prism  of  flint  glass  be  taken  it  will  produce  a  certain 
amount  of  refraction  and  of  dispersion,  and  if  a  similar  shaped  prism  of  the  same  glass  be  placed 
behind  it,  in  the  reverse  position,  the  refraction  and  dispersion  in  one  direction  by  the  first  prism 
will  be  exactly  neutralised  by  the  refraction  and  dispersion  in  the  opposite  direction  by  the 
second  prism,  and  as  a  result  there  will  be  no  refraction  and  no  colour.  But  suppose 
a  prism  of  crotcn  glass,  having  the  same  dispersion  as  the  one  of  flint  glass,  be  placed 
behind  the  latter  in  the  reverse  position,  the  two  dispersions  being  opposite  and  equal  will 
neutralise  each  other,  and  the  result  will  be  white  light ;  but  the  mean  refractions  being  different 
these  will  not  neutralise  each  other,  and  the  beam  of  light  will  pass  through  free  from  coloiv,  or 
achromatic,  but  refracted  more  or  less.  As  a  lens  may  be  looked  upon  as  a  combination  of 
prisms  with  curved  surfaces,  achromatic  lenses  may  be  produced  in  the  same  way  as  achromatic 
prisms.  Absolute  achromatism  is  impossible,  owing  to  the  spectra  from  different  dispersive 
media  not  having  an  exact  proportionality  to  one  another.  This  is  called  irrationality  of  dispersion. 
It  may  be  cured  in  some  degree  by  introducing  a  third  lens  of  plate  glass  in  addition  to  the  flint 
and  crown  glass  lenses.  An  imder  corrected  lens  is  one  in  which  the  correcting  lens  of  flint 
glass  does  not  quite  accomplish  the  purpose,  and  in  this  case  the  violet  ray  will  come  to  a  focus 
a  little  within  the  red.  In  an  over  corrected  lens  the  error  is  of  the  opposite  kind,  and  the  order 
of  colours  will  bo  inverted. 

ACID.  {Addiu,  sour.)  A  class  of  chemical  compounds  which  have  certain  properties  in 
common.  They  may  be  considered  as  salts  of  the  metal  hydrogenium,  or  hydrogen.  The 
general  properties  of  the  most  important  acids  are,  solubility  in  water ;  sour  taste ;  power  of 
reddening  litmus  ;  the  power  of  decomposing  carbonates  with  effervescence  ;  the  power  of 
neutralising  alkalies  and  bases,  forming  salts.    The  progress  of  modem  chemistry  is  gradually 
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zendering  the  tenn  acids  len  definite,  and  it  ii  not  improbable  that  it  wiU  be  dropped  altogether  in 
Btrictlv  scientific  writing,  although  in  ordinary  chemical  language  it  will  be  retained  as  a  convenient 
term  for  expressing  a  very  wide  class  of  substances.  All  the  above  characteristics  are  seldom 
possessed  t<^ether,  many  adds  having  only  one  or  two  of  these  properties,  and  some  substancea 
which  are  not  acids  possessing  all  of  them.  Thus  silido  add  is  not  soluble  in  water,  has  no 
soar  taste,  and  does  not  redden  litmus.  Perhaps  the  most  correct  definition  of  an  add  is  that  of 
a  salt  of  hydrogen,  capable  of  forming  salts  with  other  bases  ;  this,  however,  only  removes  the 
difficulty  of  defining  what  an  add  is  to  the  equally  great  one  of  defining  what  is  a  salt  and 
what  is  a  hcue. 

AGIDIMETRY.  (Acidut,  furpita,  to  measure.)  The  determination,  either  by  volumetric 
analysis,  or  by  direct  weighing,  of  the  amount  of  real  add  contained  in  acid  solutions.  Suppose, 
for  example,  we  require  dilute  sulphuric  acid ;  before  the  solution  can  be  used  with  any  cer- 
tainty in  many  processes,  it  is  necessary  to  know  the  actual  amount  of  SO^  in  loo  parts  of  the 
hydrated  add. 

ACLINIC  LINE,  (a,  without ;  kKIwu,  to  indlDe).  Beferring  to  Terrestrial  Magnetism,  the 
aclinic  line  is  the  line  passing  through  all  the  points  on  the  earth's  surface  which  have  zero 
magnetic  incUruUion  or  dip.  That  is  to  say,  the  points  at  which  a  dipping  needle  assumes  a 
horixontal  podtion.  (See  Dip,  Magnetic)  This  line  is  also  called  the  Magnetic  Equator.  It  is 
a  somewhat  sinuous  line ;  differing  not  much  from  a  great  circle  of  the  earth  ;  and  cutting  the 
geographical  equator  in  two  parts,  one  of  which  is  in  the  Atlantic  Ocean  near  the  west  coaEft  of 
Africa,  and  the  other  nearly  i8o**  distant  from  the  first.  At  these  points  the  aclinic  line  is 
indined  to  the  geographical  equator  at  an  angle  of  about  12',  lying  ia  the  Eastern  hemisphere 
to  the  north,  and  in  the  Western  to  the  south  of  it.    (See  MagneUtm.,  TerreatriaL) 

ACONITINE.  The  active  principle  of  the  monkshood  {Aeonitum  Napellus),  It  is  difficult 
to  obtain  crystalline,  but  generally  forms  a  white  pulverulent  or  compact  vitreous  mass,  possess- 
ing no  odour,  but  a  strong  bitter  taste ;  it  is  very  soluble  in  alcohol,  less  so  in  water  ;  it  melts 
at  176**  F.  The  solution  has  an  alkaline  reaction,  and  neutraUses  adds,  forming  salts,  which  aro 
not  easy  to  crystallise.     Aconitine  and  its  salts  are  intensely  poisonous. 

ACOUSTICS.  {dKovUf  to  hear.^  Properly  the  sdence  of  hearing,  but  at  present  no  distinc- 
tion is  made  between  the  sdence  of  sound  and  acoustics.    See  Sound, 

ACROLEIN.  A  colourless  mobile  liquid  lighter  than  water,  and  boiling  at  52"  C.  (126''  F.), 
It  possesses  a  highly  irritating  action  upon  the  eyes,  which  renders  working  with  this  substance 
almost  insupportable.  Formula,  C3H4O.  It  is  readilv  inflammable,  dissolves  slightly  in 
water,  and  is  a  product  of  the  destructive  distillation  of  tatty  substances,  being  produced  from 
the  glycerine  which  they  contain.     Oxidation  converts  it  into  acrylic  acidy  031140^ 

ACRONYCAL.  (Ajc^s,  at  the  summit,  and  r^,  night.)  Sometimes,  but  incorrectly, 
written  aehronical.  A  celestial  object  is  said  to  be  acronyau  when  it  is  oppodte  the  sun,  and  so 
culminates  at  midnight.  When  a  star  rises  as  the  sun  sets,  it  is  said  to  rise  acronycally ;  and 
conversely,  to  set  acronycsUy,  when  it  sets  as  the  smi  sets.  In  andent  astronomy  three  diffe- 
rent modes  in  which  a  starts  rising  or  setting  might  be  related  to  the  sun's,  were  recognised, 
viz.,  tiie  acronycal,  the  cotmcal,  and  the  hdiacal. 

ACRYLIC  ACID.    See  Acrolein. 

ACTINIC  INTENSITY  OP  DAYLIGHT.    See  Daylight,  Actinic  intennly  of, 

ACTINISM,  {dicrlyt  a  ray).  A  term  first  employed  by  Robert  Hunt,  to  express  the  chemi- 
cally active  or  photographic  rays  of  light.  When  a  solar  spectrum  is  examined  by  appropriate 
means  it  is  found  that  tiie  visible  portion  by  no  means  constitutes  the  whole  of  it.  Beyond  the 
red  end  the  heat  rays  extend,  whilst  beyond  the  violet  the  spectrum  is  extended  for  a  consider- 
able distance,  consisting  of  what  is  termed  the  actinic,  ultra-violet,  fluorescent,  photographic,  or 
chemical  rays  of  light.  When  a  solar  spectrum  of  considerable  purity  is  allowed  to  fall  on  a 
sendtive  photographic  plate  containing  iodide  of  silver,  no  effect  is  produced  by  the  ultra-red, 
the  red,  orange,  yellow,  green,  or  blue  rays  ;  the  action  commences  at  about  the  fixed  line  G, 
and  continues  under  favourable  circumstances  of  atmospheric  transparency  to  a  distance 
exceeding  by  about  seven  times  the  visible  limits  of  the  solar  spectrum.  This  photographic 
impresraon  is  seen  to  be  furrowed  across  with  a  great  number  of  lii^  of  all  degrees  of  width, 
shfffpness,  and  intendty,  showing  that  the  fixed  lines  of  the  spectrum  are  not  confined  to  the 
visible  portion.  These  lines  can  also  be  rendered  vidble  by  receiving  the  spectrum  on  a  screen 
of  some  fluorescent  substance  (see  Fluoreicence),  such  as  uranium-glass,  or  a  card  washed  over 
with  sulphate  of  quinine  solution.  There  is  no  sharp  distinction  between  these  actinic  rays  and 
the  visible  rays  ;  in  fact,  the  violet  and  indigo  may  be  considered  both  light  and  actinism,  in  the 
same  way  as  the  extreme  red  rays  may  be  considered  as  light  and  heat.  Although,  therefore, 
the  term  actinism  is  not  accurate,  as  applied  to  a  portion  of  the  spectrum,  it  is  a  very  conveni- 
ent expresdon  for  a  property  of  that  portion.     (See  Spectrum;  Fluorescence.) 
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ACTINOMETEB.  (dxrlv,  a  ray,  and  fterpia,  to  measure.)  An  instrument  for  measurinff  the 
amount  or  intensity  of  the  actinic  or  chemical  rays  of  light.  Several  contrivances  have  been 
proposed  to  effect  this  object,  thus  a  sensitive  surface  of  chloride  of  silver  is  found  to  darken, 
when  exposed  to  light,  in  proportion  to  the  intensity  of  the  light  and  the  duration  of  exposure, 
and  since  thii  darkening  is  produced  entirely  by  the  actmic  rays,  the  depth  of  tint  produced  by 
(say)  five  minutes'  exposure  will  give  an  approximate  idea  of  the  intensity  of  Uie  actinism 
present.  The  difficulty  in  this  case  is  to  prepare  chloride  of  silver  paper  which  shall  always 
have  the  same  amount  of  sensitiveness.  The  chemical  photometer  of  Professors  Btmsen  and 
Boscoe  (Phil.  Trans.,  1863,  p.  139),  is  based  upon  this  principle.  Dr.  Draper  employed  for  this 
purpose  the  reaction  originaUy  observed  by  Gay-Lussac  and  Th^nard,  that  chlorine  and  hydro- 
gen when  mixed  in  equid  volumes  do  not  combine  in  the  dark,  whilst  they  unite  to  form  hydro- 
chloric add  when  exposed  to  the  actinic  rays  of  light.  Draper  discovered  the  important  law 
that  this  action  varies  in  direct  proportion  to  the  actinic  intensity  of  the  light,  and  to  the  time  of 
the  exposure.  Professors  Bunsen  and  Boscoe  have  devised  an  instrument,  which  they  call  the 
'*  Chlorine  and  Hydrogen  Chemical  Photometer,"  based  upon  this  principle,  and  by  ascertaining 
the  conditions  necessary  for  giving  accuracy,  they  have  placed  the  subject  of  the  measure- 
ment of  the  chemical  action  of  light  upon  an  exact  scientific  basis.  For  further  particulars  see 
the  original  memoirs  of  these  chemists  (PhiL  Trans.,  1857,  pp.  555,  381,  601 ;  1859,  p.  879 ; 
1862,  p.  139).  Other  actinometers  have  also  been  proposed,  based  upon  other  <memioB(l 
reactions ;  ^us  a  solution  of  chloride  of  gold  and  oxalic  acid  will  remain  clear  in  the  dark,  but 
precipitates  metallic  gold  when  exposed  to  the  actinic  rays.  Several  other  reactions  of  thia 
kind  are  known  in  chemistry,  and  might  possibly  be  utilised.    (See  Actinttm;  Photometer,) 

The  teroi  actinometer  has  also  been  applied  to  a  thermometer  for  measuring  the  heating 
effect  of  direct  solar  rays.  One  of  these  consists  of  an  ordinary  mercurial  thermometer,  with  e 
large  bulb  and  an  open  scale ;  observations  are  made  by  placing  it  alternately  in  shade  and  in 
sunshine  for  equal  intervals,  and  noticing  the  difference  between  the  readings.  The  Bev.  G.  C. 
Hodgldnson  has  described  (Pro.  B.  S.,  ijan.  1867)  an  instrument  of  this  kind.  It  cannot  be 
too  much  regretted  that  a  name  which,  by  univenal  consent,  has  hitherto  been  used  in  refer* 
enoe  to  the  diemical  rays  of  light  should  be  applied  to  an  ordinary  thermometer. 

An  instrument  invented  in  1825  by  Sir  John  HerscheL  for  measuring  the  intensity  of  the 
sun's  heat  was  the  firsi  to  receive  the  name  of  actinometer.  It  differs  from  the  pyrheli- 
ometer  of  Pouillet,  in  the  mode  of  indicating  the  absorbed  heat,  the  amount  of  which  is  shown 
by  the  expansion  of  a  solution  of  ammonionsulphate  of  copper,  produced  by  the  action  of  the 
sun's  rays  on  a  known  area  of  the  vessel  containing  the  expanding  liquids.  The  results 
obtained  by  Herschell  and  Pouillet,  with  their  different  instruments,  agree  very  closely.  (See 
also  ffeal,  Sourcet  of;  Pyrheliometer.) 

ACTION  AND  BE  ACTION.  In  mechanics,  the  effort  exerted  by  a  power  on  the  body 
on  which  it  acts.  Action  may  be  exerted  for  an  appreciable  time,  as  in  the  case  of  pressure,  or 
for  an  indefinitely  short  instant  of  time,  as  in  the  case  of  percussion.  Action  is  always  met  by 
a  resistance  termed  a  reaetiony  and  it  is  an  axiom  of  mechanics  that  aeUon  and  reaction  art  equal 
and  opposite.  This  is  Newton's  third  law,  and  was  proved  by  him  by  many  experiments.  The 
following  are  illustrations  of  the  axiom  : — ^When  a  weight  rests  on  a  table,  the  table  presses 
against  the  weight  with  a  force  equal  to  the  pressure  exerted  by  the  weight  on  the  table.  When 
one  ball  strikes  another,  tht^  force  with  which  the  second  tends  to  stop  the  first  is  equal  to  that 
with  which  the  first  tends  to  move  the  second. 

AD  ABA    (Arabic.)    The  star  e  of  the  constellation  Canis  Mjjor* 

ADHESION.  (AdkoBreOf  from  ad,  to,  and  hcereo,  to  stick).  The  force  which  keeps  the  par- 
ticles of  unlike  bodies  in  the  same  relative  positions  with  regard  to  each  other.  It  is  applied  to 
the  union  of  dissimilar  bodies  only,  and  is  therefore  opposed  to  coheMiont  which  is  the  force 
existing  between  particles  of  like  nature.  Thus  it  is  the  force  of  cohesion  which  keeps  together 
the  particles  of  a  piece  of  lead,  but  the  force  of  adhesion  which  causes  two  plates  of  lead  and  tm 
to  remain  together  after  being  subjected  to  pressure.  When  solids  inmiersed  in  liquids  are 
wetted  by  them,  it  is  because  the  force  of  adhesion  between  the  solid  and  liqidd  is  greater  than 
the  force  of  cohesion  between  the  particles  of  the  liquid  themselves.  Glass  plunged  into  mer* 
cury  is  not  wetted,  there  being  no  force  of  adhesion  between  the  two  substances.  When  the 
adhering  liquid  solidifies  the  adhesion  is  greatly  strengthened.  This  is  the  case  with  cements, 
which  frequently  adhere  to  a  body  with  greater  force  than  the  force  of  cohesion  with  which  the 
particles  keep  together.  The  substances  used  as  cements  present  various  gradations  of  adhesive 
power,  and  are  usually  so  chosen  that  the  forces  of  adhesion  and  cohesion  are  nearly  equal, — 
thus,  glue  is  used  for  wood,  resinous  materials  for  glass  or  china,  calcareous  matter  for  stone  or 
brick.  Adhesion  between  solids  is  one  of  the  causes  of  the  passive  resistance  known  as  friction. 
(See  Friction.) 
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Adhesion  is  promoted  by  liquidity,  so  that  veiy  many  liqnios  freely  mix  with  or  dissolve  one 
another.  In  the  case  of  the  more  viscous  liquids,  which  are  but  sparingly  dissolved  by  water, 
the  struggle  between  their  adhesion  to  water  and  the  cohesion  of  theirparticles  gives  rise  to  the 
phenomena  known  as  Cohesion  Figures.  (See  Cohesion  Figurei,)  Various  manifestations  of 
adhesion  appear  in  capillary  attraction,  diffusion  of  liquids,  osmosis,  diffusion  of  gases,  &c.  (See 
articles  on  those  subjects — also  Cohenon,  Aggregation.) 

ADHESION  BETWEEN  LIQUIDS  AND  SOLIDS.  It  is  observed  that,  when  certain 
solids,  such  as  dean  glass,  are  plunged  into  water,  the  horizontal  surface  of  the  water  is  raised 
iu  the  neighbourhood  of  the  glass,  and  reaches  some  distance  up  its  sides,  f onning  a  concave 
curved  surface.  If  the  glass  be  coated  with  grease  before  being  plunged  in  the  water,  the  water 
is  no  longer  level  in  the  neighbourhood  of  the  solid,  it  curves  downwards  as  it  approaches  the 
grease,  forming  a  convex  surface.  Again,  if  a  piece  of  dean  platinum  be  plunged  into  mercury, 
the  mercury  rises  up  the  side  of  the  platinum  as  water  rises  up  the  side  of  the  glass.  And  if 
glass  be  plunged  into  mercury,  the  mercury  is  depressed  in  its  neighbourhood,  as  was  the  water 
in  that  of  the  grease.  Accordingly,  whether  the  surface  of  the  liquid  in  the  neighbourhood  of 
the  solid  be  oonvez  or  concave,  depends  upon  the  nature  of  the  liquid  and  of  the  solid  which  are 
in  contact.  Whenever  the  concave  surface  is  produced,  the  solid,  when  withdrawn,  is  found  to 
be  wetted  with  the  liquid.  Whenever  the  oonvez  surface  is  observed,  the  solid^  when  with- 
drawn, is  found  to  be  free  from  the  liquid.  This  ahready  points  in  tlte  latter  case  of  the  supe- 
riority of  the  cohesion  of  the  liquid  over  the  adhesion  between  the  liquid  and  solid,  and,  in  the 
former  case,  of  the  superiority  of  the  mutual  adhesion  over  the  liquid  s  cohesion.  This  is  clear 
if  we  consider  the  forces  at  work.  Imagine  the  liquid  to  be  horizontal.  The  cohesion  of  the 
liquid  will  tend  to  urge  it  to  assume  a  spherical  form,  that  is,  to  acquire  a  rounded  edge,  to 
assume  which  shape  it  must  leave  the  solid.  This  force  may  be  represented  by  a  single  force, 
C,  bisecting  the  angle  contained  between  the  surface  of  liquid  and  the  inmiersed  wall  of  solid. 
There  will  be  adhesion  in  the  region  of  contact  which  will  be  exercised  with  equal  force,  A,  in 
two  directions,  the  one  bisecting  the  angle  between  the  projecting  surface  of  the  solid  and  the 
continuation  of  the  liquid  surface  (into  the  solid) ;  the  other,  at  right  angles  to  this,  bisecting 
the  continuation  of  the  liquid  surface  and  the  suhanerged  wall  of  solid.  The  vertically  upward 
and  downward  tendencies  of  the  two  forces,  A,  will  1^  equal  and  opposite,  and  they  therefore 
JDAJ  be  neglected.  The  resultant  will  be  2  A  cos.  45^  The  horizontal  tendency  of  the  force  C 
is  U  cos.  45^  Therefore,  the  proportion  between  the  tendency  towards  the  wall  (due  to  adhe- 
sion), and  the  tendency  away  from  the  wall  (due  to  cohesion),  is  that  of  2  A  to  C.  If,  there- 
fore, the  cohesion  is  more  than  twice  as  great  as  the  adhesion,  the  former  will  prevail,  and  the 
liquid  will  rise  up  the  side  of  the  containing  vesseL  If  thOi  cohesion  is  less  than  twice  as  great 
as  the  adhesion,  the  latter  will  prevail,  and  the  liquid  in  the  neighbourhood  of  contact  will  be 
rounded.  If  the  two  are  equal  (2  A= C),  a  perfectly  flat  liquid  surface  will  be  preserved  up  to 
the  solid.     (See  CapHlarity. ) 

ADIPOCERE.  (Adept,  fat,  and  eera,  wax.)  A  peculiar  fatty  substanoe,  resulting  from 
the  slow  decomposition  of  animal  matter  in  a  moist  locality.  It  consists  chiefly  of  solid  fatty 
adds.  Fourcroy  gave  an  account  in  1789  before  the  Academic  des  Sciences  of  the  opening  of 
a  grave  in  one  of  the  Paris  cemeteries,  in  which  he  found  a  shrunk  body,  in  various  parts  of 
which  were  lumps  of  adipocere. 

ADJUSTING  SCKEW.  {Ac^tutare,  from  ad,  and  Justus,  just,  right.)    See  Clamp. 

ADJUTAGE.     A  tube  through  which  the  water  of  a  fountain  is  discharged. 

^LOPILE.  (jEohu,  god  of  the  winds,  and  pHa  a  ball)  A  hollow  sphere  of  metal,  furnished 
with  a  tube  terminating  in  a  small  orifice.  When  water  Is  introduced  into  the  sphere,  and  it  is 
placed  over  a  fire,  steam  is  formed,  and  rushes  from  the  mouth  of  the  tube,  produdng  a  more  or 
less  violent  blast.  The  andents,  to  whom  the  lelopile  was  well  known,  considered  that  the 
water  was  converted  into  air,  and  were  wont  to  illustrate  the  production  of  winds  by  the  above 
means.  The  sdopile  was  much  used  during  the  early  period  of  sdentific  research,  and  is  not 
unfrequently  mentioned  by  Bobert  Boyle  (17th  century).  Perhaps  the  earliest  mention  of  it  is 
in  the  vtrevpuiruca  of  Hero  of  Alexandna. 

JSOLIAN  HARP.  A  musical  instrument,  named  from  .^k>lus,  the  heathen  god  of  winds, 
in  consequence  of  its  music  being  produced  by  the  action  of  the  wind.  It  consists  of  a  box  of 
thin  deal,  of  a  length  equal  to  the  width  of  the  window  in  which  it  is  to  be  placed,  its  depth  five 
or  sixiinches,  and  width  seven  or  eight  inches.  Along  the  top  of  the  box  a  variable  number  of 
catgut  strings  are  fixed,  passing  over  two  bridges  placed  transversely,  and  attached  to  pegs  at 
each  end  of  the  box.  Thus  the  strings  can  be  tuned  to  any  required  note  ;  and  generally  all 
are  tuned  to  the  same  note.  When  the  instniment  is  placed  with  the  strings  outward  in  the 
window  to  which  it  is-  fitted,  and  the  wind  blows  on  the  window,  sounds  resembling  the  singing 
of  a  distant  choir  are  produced,  varying  in  intensity  with  the  strength  of  the  wind.    The  num- 
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ber  of  strings  is  tuually  seTen,  ten,  or  fifteen ;  and  oocaiiomJlj  the  two  extreme  strings  are 
tuned  to  two  octaves  below  the  oth^v. 

^PINUS  CONDENSER  (constructed  by  uSlpinus  about  1753),  is  an  instrument  for  collect- 
ing eltictricity.  Its  principle  depends  upon  induction,  and  the  apparatus  is  much  used  to 
illustrate  the  phenomena  of  induction,  and  to  explain  the  principle  of  the  Leyden  jar.  (See 
Condenter.) 

^PINUS*  THEORY  explains  the  phenomena  of  magnetism  by  supposing  a  fluid  which  per- 
yades  magnetic  bodies,  such  as  iron,  cobalt,  and  nickeL  The  particles  of  this  fluid  are  assumed 
to  repel  each  other,  but  to  attract  tiie  particles  of  the  iron,  nickel,  &c.  He,  moreover,  suppoeea 
the  particles  of  the  iron  or  nickel  to  repel  each  other,  and  explained  on  this  assumption  the  well- 
known  laws  of  magnetic  attraction  and  repulsion. 

AERO-DYNAMICS,  {difip,  the  air,  and  dwofut,  power.)  The  science  which  treats  of  the 
motion  of  the  air,  or  of  the  mechanical  effects  of  air  put  in  motion. 

AEROLITE,  (di)^,  air,  and  \l$oSf  a  stone).  The  name  given  to  those  stony  and  metallic 
masses  which  reach  the  earth's  surface  from  the  inteiplanetaiy  spaces,  after  passing,  with  or 
without  explosion,  through  the  atmosphere.  The  interpretation  of  the  phenomena  presented  in 
common  by  aerolites,  bolides,  and  shooting-stan,  is  dealt  with  under  the  head,  Meteors,  Luminous, 
Here,  therefore,  we  shall  consider  only  the  peculiarities  distinguishing  this  particular  class  of 
bodies  from  their  fellow  travellers  amid  the  mterplanetary  spaces. 

From  the  earliest  ages  we  find  records  of  the  fall  of  aerolites.  '*  It  is  a  fact,"  says  Sir  John 
Herschel,  "  established  by  the  most  indisputable  evidence,  that  stony  masses  and  lumps  of  iron 
do  occasionally,  and,  indeed,  by  no  means  unfrequently,  fall  upon  the  earth  from  the  higher 
regions  of  our  atmosphere  (where  it  is  obviously  impossible  that  they  can  have  been  generated), 
and  that  they  have  done  so  from  the  earliest  times  of  history.  Four  instances  are  recorded  of 
persons  being  killed  by  their  falL"  In  the  year  B.C.  465,  a  stone  fell  at  ^goe  Potamos»  which 
is  described  as  being  equal  to  two  mill-stones  in  volume.  Four  centuries  after  its  fall  this  stone 
continued  to  be  an  object  of  interest,  but  afterwards  it  appears  to  have  been  lost  sight  of. 
Humboldt  recommends  that  travellers  in  Thrace  should  search  for  it.  On  November  7,  1492,  an 
aerolite  fell  at  Ensisheim  in  Alsace.  It  was  preserved  as  a  relic  in  the  cathedral  of  Ensisheim 
until  the  French  revolution.  At  present  it  is  preserved  in  the  public  library  of  Colmar.  The 
Emperor  Jehangire  had  a  sword  forged  for  him  from  a  mass  of  meteoric  iron  whidb  fell  at 
Jahlinder  in  1620.  Amongst  many  other  modem  instances  may  be  mentioned  the  fall  of 
aerolites  at  L' Aigle  in  Normandy  in  April  1803.  In  this  instance  it  would  seem  that  a  mass  of  vast 
size  had  exploded  in  the  upper  regions  of  air,  for  the  fall  was  preceded  by  the  appearance  of  a 
small  black  cloud,  which  suddenly  broke  up  with  a  violent  explosion.  Upwards  of  2000  frag- 
ments were  collected  from  different  parts  of  a  region  measuring  seven  miles  in  length  and  three 
in  breadth.  Some  of  these  weighed  only  a  few  drachms  ;  the  heaviest  about  174  lbs.  There 
are  sixteen  well-authenticated  instances  of  the  fall  of  aerolites  in  England  and  Scotland,  while 
four  have  been  recorded  as  having  fallen  in  Ireland,  and  two  meteoric  stones  have  been  found 
in  Scotland. 

Professor  Shepherd  (of  America)  asserts  that  the  fall  of  aerolites  **  is  confined  principally  to 
two  zones,  one  belonging  to  America^  bounded  by  33"  and  44°  north  latitude,  and  about  25*  in 
length.  Its  direction,"  he  adds,  *^is  more  or  less  from  north-east  to  south-west,  following 
the  general  line  of  the  Atlantic  coast.  Of  all  known  occurrences  of  this  phenomenon,  during  the 
last  fifty  years,  92*8  per  cent,  have  taken  place  within  these  limits,  and  mostly  in  the  neigh- 
bourhood of  the  sea.  The  zone  of  the  eastern  continent — with  the  exception  that  it  extends  ten 
degrees  more  to  the  north — ^Ues  between  the  same  degrees  of  latitude,  and  follows  a  similar 
north-east  direction,  but  is  more  than  twice  the  length  of  the  American  zone.  Of  all  the 
observed  falls  of  aerolites  90*9  per  cent,  have  taken  place  within  this  area,  and  were  also  con- 
centratetl  in  that  half  of  the  zone  which  extends  along  the  Atlantic.'*  The  results  here  men- 
tioned are  interesting,  but  not  for  the  reasons  stated.  It  has  been  well  remarked  by  Mr. 
Townshend  Hall  that  the  zones  referred  to  by  Professor  Shepherd  are  simply  those  zones  which 
are  most  thickly  peopled.  But  it  is  worthy  of  notice,  as  a  legitimate  conclusion  from  these 
figures,  that  we  must  largely  add  to  the  number  of  recorded  falU,  if  we  wish  to  estimate  justly 
the  totial  number  of  aeroUtes  which  fall  in  a  given  time  upon  tiie  earth. 

The  mass  of  many  aerolites  affords  strikii^  evidence  that  within  the  interplanetary  spaces 
there  must  exist  a  large  amount  of  material  travelling  as  yet  freely  around  the  sun.  In  the 
Imperial  Museum  at  St.  Petersburg  there  is  a  mass  of  meteoric  iron  weighing  no  less  than 
16S0  lbs. ;  while  it  has  been  estimated  that  an  unweighed  aerolite  which  lies  on  the  plain  of 
Tucuman,  near  OtTmipa,'in  South  America^  cannot  fall  short  of  15  tons  in  weight.  In  the 
British  Museum  there  is  an  aerolite  which  weighs  more  than  5  tons. 

The  composition  of  aerolites  is  exceedingly  diverse.    Iron  is  almost  always  present,  as  also  a 
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percentage  of  nickel  and  cobalt.  Copper,  chromium,  manganese,  tin,  and  molybdenum  have  also 
been  found  in  aerolites.  Carbon  is  sometimes,  though  but  rarely,  found.  Such  minerals  as 
hornblende,  augite,  and  olivine  are  commonly  met  with.  Twenty-two  elements,  not  one  of 
which  is  new,  have  been  recognised  in  aerolites.  But  though  we  find  no  new  elements  in  these 
bodies,  we  see,  not  only  in  the  way  in  which  they  are  compounded,  but  also  in  their  structure, 
the  clearest  signs  of  a  non-terrestrial  origin.  The  proportion  of  iron  commonly  found  in  aerolites 
is,  for  example,  wholly  in  excess  of  that  recognised  in  terrestrial  substances  ;  while  we  learn 
from  the  researches  of  Sorby,  D' Aubr^e,  and  others,  that  aerolites  have  been  subject  to  the  action 
of  a  heat  so  intense,  and  to  processes  of  crystallisation  so  energetic,  that  no  appliances  known 
to  our  chemists  could  produce  corresponding  efifects. 

Beasoning  from  probability,  it  is  difficult  not  to  conclude,  that  for  every  aerolite,  which  has 
fallen  upon  the  earth  within  historic  times,  there  must  be  millions  which  have  reached  the  earth 
during  the  eras  recognised  by  geologists,  and  that  the  total  mass  thus  added  to  the  earth  from 
without  must  amount,  at  least,  to  many  millions  of  tons.  Again  it  is  clear  that  not  our  earth 
alone,  but  all  the  planets  of  the  solar  system,  our  moon  and  the  other  satellites,  every  orb,  in 
fact,  which  obeys  the  attraction  of  the  srm,  must  be  liable  to  encounter,  at  longer  or  shorter 
intervals,  these  wandering  masses,  to  which  Humboldt  has  given  the  expressive  name  of  **  pocket 
planets."  Nor  can  we  recognise  as  just,  in  the  face  of  all  this  evidence  to  the  contrary,  th<» 
view  expressed  by  one  of  our  leading  astronomers  that  the  united  weight  of  all  the  bodies  of 
the  solar  system,  other  than  the  sun,  planets,  asteroids,  satellites,  and  Saturn's  ring,  must  be 
weighed  rather  by  grains  than  by  tons. 

Much  useful  information  on  the  subject  of  aerolites  will  be  found  in  Dr.  Phipson's  treatise  on 
meteors,  aerolites,  and  falling  stars. 

AEBONAUTICS.  {d^p,  air,  and  vavrucSSf  pertaining  to  ships.)  The  art  of  navigating  the 
air.  The  term  is  commonly  applied  to  balloon-voyaging  (see  Balloon),  but  should  properly  be 
limited  to  the,  as  yet,  unlearnt  art  of  guiding  aerial  vessels. 

It  seems  to  have  been  abundantly  demonstrated  that  balloons  cannot  be  guided  through  the 
air,  their  very  buoyancy  placing  them  beyond  the  control  of  those  whom  they  support  above 
the  level  of  the  earth.  Many  have,  indeed,  been  led  to  regard  this  circumstance  as  opposing  an 
insurmountable  obstacle  to  aerial  voyaging,  since  it  appears  as  though  the  very  means  by 
which  alone  men  can  be  supported  above  the  ground  must  prevent  them  from  urging  their  way 
at  will  through  the  air.  But  recent  inquiries  have  tended  to  show  that  the  art  of  aerial 
voyaging  is  not  so  hopelessly  unattainable  as  had  been  supposed.  In  fact  the  true  principles  on 
which  aerial  flight  may  be  said  to  depend  have  only  of  late  years  been  fairly  recognised.  The 
formation  of  a  society,  called  the  Aeronautical  Society  of  Great  Britain,  presided  over  by  the 
Duke  of  Argyll,  and  including  in  its  ranks  several  of  our  ablest  men  of  sdenoe,  has  attracted  a 
large  share  of  attention  to  a  subject  hitherto  commonly  regarded  as  little  worthy  of  considera- 
tion ;  and  it  seems  far  from  improbable  that  results  of  considerable  importance  will  follow  from 
the  inquiries  which  have  recently  been  made  into  the  principles  of  flight. 

It  has  been  shown,  in  the  first  place,  that  the  extent  of  supporting  surface  need  not  be  pro- 
portioned to  the  weight  to  be  carried.  M.  de  Lucy  has  xnade  a  careful  study  of  numerous 
birds  and  insects,  with  the  object  of  determining  the  relation  between  weight  and  supporting 
surface.  We  quote  some  of  his  results  from  a  valuable  paper  on  flying  machines,  by  Mr. 
Brearey,  honorary  secretary  to  the  above  named  society : — "M.  de  Lucy  asserts  that  there  is 
an  unchangeable  law  to  which  he  has  never  found  any  exception  amongst  the  considerable 
number  of  birds  and  insects,  whose  weight  and  measurement  he  has  taken,  viz.,  that  the 
smaller  and  lighter  the  winged  animal  is,  the  greater  is  the  comparative  surface.  Thus  in 
comparing  insects  with  one  another ;  the  gnat,  which  weighs  460  times  more  than  the  stag- 
beetle,  has  14  times  greater  relative  surface.  The  lady-bird,  which  weighs  150  times  less  than 
the  stag-beetle,  possesses  5  times  more  relative  surface,  &c.  It  is  the  same  with  birds.  The 
sparrow,  which  weighs  about  10  times  less  than  the  pigeon,  has  twice  as  much  relative  surface. 
The  pigeon,  which  weighs  about  8  times  less  than  the  stork,  has  twice  as  much  relative  surface. 
The  sparrow,  which  weighs  339  times  less  than  the  Australian  crane^  possesses  7  times  more 
relative  surface,  &c.  If  we  now  compare  the  insects  and  the  birds,  the  gradation  will  become 
even  more  striking.  The  gnat,  for  instance,  which  weighs  97,000  times  less  than  the  pigeon, 
has  40  times  more  relative  surface ;  it  weighs  3,000,000  times  less  than  the  crane  of  Australia^ 
and  possesses,  relatively,  140  times  more  surface  than  the  latter,  which  is  the  heaviest  bird  this 
author  had  weighed,  and  it  was  that  which  had  the  smallest  amount  of  surface,  the  weight  being 
20  lbs.  15  oz.  2)  dr.  avoirdupois,  and  the  surface  139  square  inches  per  kilogramme  (somewhat 
more  than  63  square  inches  per  lb.) ;  yet,  of  all  travelling  birds,  they  undertake  the  longest  and 
most  remote  journeys,  and,  with  the  exception  of  the  eagle,  elevate  Uiemselves  highest,  axui 
maintain  flight  the  longest." 
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H.  de  Lucy  doee  not  notice  the  tendency  in  theie  nnmben  towArds  a  somewliat  remArk- 
aUe  relation.  It  would  appear  almosras  thoogh  the  sapporting  mifaoe  incre— od  m  the  eabe 
root  of  the  weight ;  for  though  this  relation  is  not  exactly  presented  in  all  the  above  inetaTiof  » 
it  is  i^yproxiinated  to  in  most  of  them.  Taking  also  the  widest  range,  and  comparing  the 
numbers  3,000,000  and  140^  we  see  that  the  relation  is  approximated  to  in  a  yery  significant 
manner,  oonsidecing  the  wide  diversity  between  the  characteristics  of  the  gnat  and  the 
Australian  crane. 

It  would  appear,  then,  that  the  supporting  surface  necessary  to  sustain  a  man  would  be  Tety 
much  less  tluui  has  been  hitherto  suppos^  And  what  ii  more  to  the  purpose,  a  properly 
devised  aerial  machine,  intended  to  convey  many  persons  at  once,  need  bv  no  means  have  that 
enormous  extent  of  supporting  surface  which  has  been  hitherto  proposed  for  sudi  madiines. 

But  another  dicumstanoe  of  conaiderable  importance  has  been  noticed  during  recent  inquiries. 
It  has  been  shown  that  propulsive  velocity  'a  a  very  important  element  in  the  question.  When, 
a  bird  beats  }ub  wings  up  and  down,  for  example,  it  might  be  thought  that  the  movement  was 
intended  to  raise  the  body  of  the  bird  ,*  in  reality,  however^  the  object  of  the  movement  is  com- 
monly to  secure  a  motion  directly,  or  almost  directly,  forwards.  Support  is  secured,  not  by  the 
greater  effectiveness  of  the  downward  beat*  as  compaied  with  the  upward  motion  of  the  wing,bMat  by 
the  rapid  transference  c$  the  bird's  body  over  continually  new  regions  of  air.  It  has  been  shown, 
indeed,  by  I>r.  Pettigrew,  that  the  action  of  a  bird's  wmg  in  moving  both  upwards  and  down- 
wards, resembles  that  of  a  screw  propeller.  The  present  writer  has  been  much  struck  by  the 
singular  horizontality  of  a  pigeon's  motion  on  first  leaving  level  ground,  the  wings  beating 
shiuply  upwards  and  downwanls,  but  the  bird's  body  advancing  in  a  straight  line. 

It  is  probable  that  we  may  find,  in  the  circumstance  just  considered,  the  explanation  of  the 
relation  before  dealt  with  wmch  subsists  between  weight  and  supporting  surface  ;  for  the  larger 
birds  and  insects  can  propel  themselves  more  rapidly  uan  the  smaller,  uid  so  gain  support  fiom 
a  greater  n^ige  of  air. 

It  would  seem  only  possible,  therefore,  to  master  the  difficulties  of  aerial  voyaging,  by  secur- 
ing powerful  propulsive  appliances,  and  it  may  not  unsafely  be  predicted  that  u  ever  the 
problem  is  masteredy  the  means  will  at  the  same  time  be  discovered  of  voyaging  most  rapidly 
from  place  to  place. 

For  an  interesting  account  of  various  attempts  which  have  been  made  to  voyage  through  the 
air,  the  reader  should  consult  Hatton  Tumor's  Atira  Castro, 

AEROSTATION.  A  term  commonly  used  to  signify  the  art  of  guiding  aerial  vessels.  (See 
AeronatUi4X.) 

^SCULIN.  A  crystaDised  substance  extracted  from  the  bark  of  the  horse-chestnut  (ceseulus 
hippocastanum.)  It  forms  colourless  needleHBhapedciystals,  which  have  a  bitter  taste ;  formula, 
CsjH^Oij.  It  is  interesting,  because  its  aqueous  solution  is  highly  fluorescent,  with  a  bean- 
tit'ul  sky-blue  colour.     (See  Flvcrescence,) 

^THRIOSCOPE.  {aXOpoff  clear,  and  ffKoriu,  to  view.)  An  instrument  for  measuring  the 
radiation  towards  the  tiky.  It  was  invented  by  Sir  John  Leslie,  who,  however,  was  not  able 
satisfactorily  to  interpret  its  indications.  It  consirts  of  a  differential  thermometer,  one  bulb  of 
which  is  placed  in  the  focus  of  a  metallic  cup,  which  protects  it  from  terrestrial  radiation,  but» 
when  uncovered,  permits  it  to  radiate  its  heat  freely  towards  the  sky.  The  other  bulb  is  pro- 
tected in  such  a  way  that  its  temperature  is  the  same  as  the  air  throughimt  the  experimental 
use  of  the  instrument.  If  now  the  metallic  cup  is  uncovered,  the  exposed  bulb  will  lose  heat 
by  radiation  towards  the  sky,  and  as  the  other  will  keep  its  temperature  unchanged,  the  motion 
of  the  column  of  liquid  in  the  tube  of  the  differential  thermometer  will  indicate  how  much  heat 
is  lost  by  radiation  from  the  exposed  bulb.  Leslie  was  perplexed  by  finding  that  the  loss  of 
heat  was  not  proportional  to  the  apparent  dleamess  of  tiie  sky.  He  found  indeed  that  even  a 
passing  cloud  seemed  to  check  the  loss  of  heat ;  but  *'  sometimes,"  he  says,  "  under  a  fine  blue 
sky  the  SBthrioscope  will  indicate  a  cold  of  50  millesimal  degrees,  while,  on  other  days,  when  the 
air  seems  equally  bright,  the  effect  is  hardly  30**."  The  difference  is  due  to  the  presence,  on  the 
last-named  days,  of  invisible  aqueous  vapour  in  the  air,  and  to  the  fact  that  such  vapour  checks 
the  radiation  of  heat  from  the  sethrioscope. 

AFFINITY,  in  chemistry,  means  the  tendency  of  different  kinds  of  matter  to  unite ;  although 
it  is  customary  in  modem  chemistry  to  object  to  the  term  on  the  ground  that,  in  ordinary  non* 
technical  language,  it  means  "  resemblance,"  whereas  bodies  that  least  resemble  each  oUier — 
such  as  copper  and  sulphur,  iodine  and  phosphorus — ^unite  with  the  greatest  energy ;  while  bodies 
that  most  resemble  each  other,  such  as  chlorine,  bromine,  and  iodine,  have  but  little  chemical 
affinity  for  each  other.  But  the  word  affinity  also  means  "  relationship"  and  'Hies  of  family," 
and  it  is  in  this  sense  that  the  metaphor  is  properly  used  in  chemistry,  indicating  not  a  *'  resem- 
blance,'* but  **  a  disposition  to  unite."    In  this  sense  the  term  was  first  brought  into  use  by 
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Boerhaaye  as  early  as  1732.  Others  give  the  credit  to  Geoffiroy,  who  published  his  Tables  of 
AfiSnity  in  1718.  The  influence  of  Newton  in  this  country,  and  the  jealous  feeliag  entertained 
towards  France,  led  our  philosophers  to  prefer  the  term  "  chemical  attraction,"  which  intro- 
duced a  mechanical  idea  into  chemical  work,  and  thus  produced  confusion  of  tiiought,  which, 
as  stated  above,  still  prevailB. 

Aifinity  is  exerted  within  ineommensurable  limits,  amounting  to  what  is  popularly  called 
*'  contact"  Tartaric  acid  and  sodic  carbonate,  for  example,  exert  no  action  if  mingled  together 
in  the  form  of  dry  powders ;  but,  by  the  addition  of  water,  they  enter  into  solution  and  thus 
exercise  that  close  adhesion  which  insures  energetic  chemical  action. 

Geoffrey's  Tables,  already  referred  to^  indicate  the  order  in  which  bodies  displace  each  other, 
and  thus  mark  to  some  extent  the  force  of  affinity.  For  example,  in  the  following  table  certain 
bases  are  arranged  in  the  order  in  which  they  displace  each  other  from  the  salts  which  they 
form  respectively  with  sulphuric  add  : — 

SuLPHUBic  Acid. 

Baryta.  |  Soda.  |  Ammonia. 

Potash.  I  Lime.  |  Zincic  Oxide. 

Affinity  produces  an  entire  change  in  the  properties  of  the  bodies  brought  together,  thereby 
distinguishmg  affinity  from  mechanical  action.  Thus,  magnesia,  mixed  with  water,  produces 
scarcely  any  chemical  change,  for,  by  passing  the  mixture  through  a  filter,  nearly  the  whole  of 
the  magnesia  can  be  separated ;  but  if  to  the  mixture  a  little  sulphuric  acid  be  added,  a  true 
chemical  combination  takes  place  by  virtue  of  the  affinity  ftxisting  between  magnesia  and  dilute 
sulphuric  add.  We  get  a  new  compound,  with  properties  different  from  those  of  the  com- 
ponents. The  add  is  sour  and  caustic,  the  earth  is  insipid  and  alkaline ;  the  compound  is  bitter, 
forming  the  well  known  Epwnh  taltt. 

Hence  there  is  a  specific  difference  between  a  mechanical  or  physical  phenomenon  and  a 
diemical.  *  In  one  we  get  the  mean  of  the  properties  of  the  component  parts,  in  the  other  we 
get  different  properties— a  new  body  in  fact. 

In  tiie  exerdse  of  affinity  there  is  no  destruction  of  matter.  There  may  be,  and  often  is, 
diange  of  state,  as  from  the  solid  to  the  liquid  or  gaseous,  and  the  gases  may  escape  xmnoticed 
by  the  unskilled  eye,  but  the  chemist  knows  how  to  collect  and  account  for  all  tne  results  of 
chemical  change. 

Under  the  influence  of  affinity  bodies  sometimes  unite  directly^  as  when  hydrogen,  burning 
in  air,  unites  with  oxygen  and  forms  water ;  or  by  tubstihUion  or  ditplaeement,  as  when,  in 
the  teble  just  given,  baryta  displaces  any  one  of  the  earths  below  it  from  union  with  sulphuric 
add. 

In  many  cases  affinity  requires  to  be  promoted  by  the  action  of  a  high  temperature,  as  in  the 
case  of  charcoal,  which  must  be  ignited  before  oxygen  will  unite  with  it.  Affinity  also  produces 
a  change  in  temperature,  in  some  cases  greatly  above,  in  others  below,  that  of  the  atmosphere. 

When  bodies  unite  by  virtue  of  affinity  they  do  so  in  definite  proportions,  and  this  naturally 
eads  us  to  refer  to  Atomic  Tkefyry. 

For  the  electrical  theory  of  affinity  we  must  refer  to  Electro^negatire  and  Electro-pontive, 
Those  who  would  account  for  affinity  entirely  on  electrical  grounds,  have  failed  to  point  out  by 
what  force  the  components  of  the  compound  are  held  together. 

AGATE,  {axdrrfs).  A  mineral  consisting  of  quartz,  coloured  by  various  substances,  and 
sometimes  blended  with  jaspar  and  cameliiUL  There  are  several  different  kinds  known  ss 
Mois  agate.  Fortification  agate.  Ribbon  agate,  ftc,  from  the  appearance  of  the  interspersed  sub- 
stances. 

AGGREGATION.  (Aggrego,  from  ad,  and  grego,  to  collect  into  a  flock  or  herd — ^from 
greXy  a  flock  or  herd). 

Material  particles  naturally  exist  in  three  different  conditions  or  states  of  aggregation — 
namely,  solid,  liquid,  and  gaseous.  In  the  solid  stete,  cohedon  binds  the  particles  so  closely 
together  that  they  are  not  capable  of  fredy  gliding  over  one  another,  and  the  body  maintains 
the  same  shape  imtil  some  external  force  acts  upon  it  with  suffident  intensity  to  separate  the 
partides  vidently  from  one  another,  and  to  breaJc,  crush,  stretch,  or  otherwise  alter  it.  Metals 
and  rocks  are  examples  of  solids. 

In  liquids,  the  forces  of  cohedon  and  repulsion  almost  equally  balance  each  other,  the  par- 
tides  not  cohering  so  strongly  as  to  be  incapable  of  eadly  gliding  over  one  another,  and  not 
tending  to  fly  off  from  each  other  bv  the  influence  of  repuldon.  Thus,  liquids  readily  accom- 
modate their  figures  to  the  shapes  of  the  vessels  in  which  they  are  placed,  and  when  a  liquid  is 
placed  on  a  plane,  it  spreads  out  evenly  over  the  surface  of  the  plane. 

In  gases  &ere  is  not  only  an  absence  of  cohesion,  but  a  force  of  repuldon  amongst  the  par- 
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tides,  BO  that  the  natural  tendency  of  gaseous  particles  is  to  separate  one  from  another.     Thus 
gases  are  capable  of  indefinite  expansion. 

AU  bodies  are  supposed  to  be  capable  of  existing  at  various  times  in  all  these  states.  Thus 
water  may  be  changed  by  cold  into  ice,  and  by  heat  into  steam.  All  known  liquids  can  be 
converted  into  vapours,  uid  very  many  gases  can  be  liquified  and  solidified  by  cold  and  pressure. 
Wherever  liquids  or  gases  have  not  yet  been  solidified,  it  is  assumed  by  analogy  thtlt  such  a 
condition  would  be  possible  if  we  could  apply  a  sufficient  degree  of  cold.  (See  Attraction,  He- 
^uUwn,  Adiusion). 

AGONIC  LINE,  (a,  without ;  701^10,  an  angle).  The  name  applied  in  terrestrial  magnetison 
to  the  line  which  joins  all  the  points  of  zero  magnetic  declination  on  the  earth's  surface ;  that  is 
places  at  which  the  needle  of  the  compass  points  due  north  and  south.  The  plane  of  the 
magnetic  meridian  of  a  place,  which  is  the  vertical  plane  passing  through  the  two  poles  of  a 
magnetic  needle  freely  suspended  at  that  place,  does  not  in  general  coincide  with  that  of  the 
geographical  meridian,  a  vertical  plane  passing  through  the  place,  and  the  north  and  south  teires- 
trial  poles.  The  angle  between  these  planes  is  the  magnetic  declination.  But  at  certain  places 
these  planes  do  coincide,  and  such  places  are  called  places  of  no  dedinaJtion.  The  line  which  joins 
all  these  places  is  called  the  line  of  no  declination  or  agonic  line.  A  line  of  this  kind  passes 
through  the  east  of  South  America  to  Hudson's  Bay,  thence  through  the  North  Pole  to  the 
White  Sea  ;  passing  southward  it  cuts  Arabia,  and  then  after  traversing  the  Indian  Ocean 
and  the  eastern  portion  of  Australia^  goes  through  the  South  Pole  to  join  itself  again.  (See 
Magnetism,  Terrestrial.) 

AIR.     See  Atmosphere. 

AIK  GUN.  A  pneumatic  instrument  which  will  drive  a  bullet  by  means  of  compressed  air.  It 
consists  of  a  gun  barrel  communicating  with  a  hollow  ball,  into  which  air  is  forced  by  means  of  » 
condenser.  A  bullet  is  put  into  the  barrel,  and  the  valve  which  confines  the  compressed  air  opened, 
the  air  then  expands  and  forces  out  the  bullet.  According  to  Boyle's  Law,  the  force  of  the 
expanding  air  is  proportional  to  the  pressure.  A  pressure  of  500  atmospheres  has  been  attained  by 
means  of  a  powerful  condenser,  but  this  is  only  about  half  the  elastic  force  of  fired  gunpowder. 

AlB  PUMP.  Since  the  pressure  of  the  atmosphere  may  be  considered  to  be  about  I5lb3. 
on  the  square  inch,  it  follows  that  if  we  have  a  cylinder  closed  at  one  end  and  open  at  the  other, 
and  have  an  air-tight  piston  on  the  bottom  of  the  cylinder,  we  shall  require  (neglecting  friction 
and  the  weight  of  the  piston)  to  exert  a  force  as  many  times  I5lbs.  as  the  surface  of  the  piston 
contains  square  inches,  in  order  to  overcome  the  pressure  of  the  air  and  to  move  the  piston. 
Between  the  piston  and  the  bottom  of  the  cylinder,  there  will  then  be  formed  a  vacuum.  If 
this  vacuum  be  put  in  oonmiunication  with  a  vessel  full  of  ordinary  air,  that  is,  air  which  has 
been  compressed  by  the  atmospheric  pressure,  and  which  is  therefore  in  the  condition  of  a  com- 
pressed spring,  this  air  will  spread  itself  out  so  as  to  occupy  the  vacuous  space  in  addition  to  the 
original  volume  of  the  vessel ;  in  other  words,  it  will  become  uniformly  diminished  in  density, 
and  its  new  density  will  be  to  its  original  density  inversely  as  its  new  volume  is  to  its  original 
volume.  If  now  the  piston  be  pushed  back,  the  air  will  resume  its  original  volume  and  den- 
sity when  the  piston  reaches  the  bottom  of  the  cylinder.  But  if  communication  be  interrupted 
between  the  cylinder  and  the  vessel  when  the  piston  is  at  the  top  of  the  cylinder,  the  air  beneath 
the  piston  will  be  compressed  as  the  piston  descends,  until  it  acquires  the  ordinary  atmospheric 
tension.  Let  us  suppose  that  the  piston  is  provided  with  a  valve  A  opening  upwards  (towards 
the  air),  and  the  connecting  tube  between  the  cylinder  and  the  vessel  which  is  being  exhausted, 
has  a  valve  B  opening  into  the  former.  Whenever  the  piston  ia  pulled  up,  its  valve  A  is  closed 
by  the  atmospheric  pressure,  while  the  valve  B  is  openeid  by  the  elastic  force  of  the  air  in  the 
vessel.  When  the  piston  is  pushed  down,  the  vidve  B  closes  by  the  elastic  force  of  the  air 
beneath  the  piston,  and  at  a  certain  part  of  the  stroke,  namely,  when  the  tensions  of  the 
atmosphere  above  and  the  air  below  are  equal,  the  valve  A  commences  to  open  so  that  the  air 
escapes.  Accordingly,  at  every  up-stroke  the  density  of  the  air  in  the  vessel  diminishes  acoord- 
ing  to  the  relative  capacities  of  it,  and  of  the  cylinder.  The  valves  in  the  air  pump  are  usually 
made  of  oiled  silk  stretched  over  holes,  so  that  the  force  required  to  lift  them  is  very  smalL  It 
is  usual  also  to  have  two  cylinders  and  pistons  connected  by  racket  and  cog-wheels,  so  that  when 
one  is  ascending  the  other  is  descending.  The  vessel  from  which  the  air  is  withdrawn  is  called 
the  receiver.  For  many  experiments  it  has  the  form  of  a  strong  bell  jar,  the  edge  of  which  is 
ground  quite  flat,  and  rests  upon  a  flat  glass  or  brass  plate,  into  the  centre  of  which  the  tube 
connecting  it  with  the  cylinder  opens.  In  connection  with  this  connecting  tube  is  a  long  straight 
tube  dipping  into  mercury.  The  height  to  which  the  mercury  is  raised  va  a  measure  of  the 
completeness  of  the  exhaustion.  It  is  a  matter  of  course  that  the  exhaustion  effected  by  such 
a  machine  is  never  quite  perfect,  depending  as  it  does  upon  suooesrive  distension. 

AIR  PUMP,  SPRENGELU    See  Sprengel  Pump. 
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Temperature  given  by  the 

Mercuiial  Tbennometar. 

lOO^'OO 

.       "9  '95 

.       139  -85 

.       159  74 

.       179  -63 

>      199  70 

>      239  -90 

260  '20 

280  -52 

301  -08 

.       343 'oo 

«l^»^ 

«^  i-^ 

.  j%iZ^ 

►      354  -00 

AIR  THERMOMETER.  The  air  thermometer  ia  an  instrument  which  consists  of  a  yessel 
containing  a  volume  of  air  shut  off  from  communication  with  the  external  air  by  a  column  of 
liquid  contained  in  a  tube  of  small  bore,  which  tube  is  open  at  one  end,  and  connected  at  the 
other  with  the  vessel  containing  the  inclosed  air.  The  first  thermometer  (see  article  Tkemuh 
meter)  was  an  air  thermometer,  and  many  modifications  have  been  since  devised.  The  air 
thermometers  employed  by  Gay-Lussac  for  determining  the  co-efficient  of  expansion  of  air, 
consisted  of  a  capillary  tube  terminated  by  a  glass  bulb  ;  the  latter  contained  »  known  volume 
of  perfectly  dry  air,  shut  off  from  the  external  air  by  a  short  column  of  mercury  in  the  capillaiy 
tube,  whidi  served  as  an  index.  When  the  bulb  was  heated  the  air  within  it  expanded,  its 
pressure  was  consequently  greater  than  that  of  the  external  air,  and  the  mercury  in  the  capillary 
tube  was  forced  further  from  the  bulb  ;  a  reverse  effect  took  place  on  cooling  the  bulb.  With 
such  thermometers,  a  correction  must  always  be  made  for  atmospheric  pressure,  as,  unlike 
mercurial  thermometers,  they  are  open  to  the  air.  Regnault  has  compared  the  air  with  the 
mercurial  thermometer,  with  the  following  results : — 

Temperature  given  by  the 
Air-Thermometer 

100*0 

120 

140 

160 

180 

200 

240 

260 

280 

300 

340 

350 

From  this  we  see  that  the  agreement  is  tolerably  close  up  to  260**  0.,  beyond  which,  to  the 
boiling  point  of  mercury  (350**  determined  by  the  air-thermometer),  the  divergence  increases. 

Regnault  has  measured  the  high  temperatxu^s  of  furnaces,  by  heating  a  weighed  flask  of 
platinum  or  porcelain  containing  mercury,  in  the  furnace  the  temperature  of  which  is  to  be 
ascertained.  The  mercury  boils  and  expels  all  the  air  from  the  fladc,  which  is  then  filled  with 
the  vapour  of  mercury  at  the  temperature  of  the  furnace ;  it  is  now  closed,  withdrawn  from 
the  furnace,  cooled,  and  weighed.  The  various  data  now  at  command  enable  the  temperature 
to  be  determined  ;  the  volume  of  the  flask  is  known,  the  weight  of  the  vapour  of  mercury 
which  filled  it  at  the  temperature  of  the  furnace,  and  the  density  of  that  vapour.  Deville  and 
Troost  have  employed  the  vapour  of  iodine  for  the  same  purpose.  (See  also  Thermometer ; 
Differenticd  Thermometer;  Expantion ;  Pyrometer.) 

ALABASTER.     &ee  Sulphates;  Calcium. 

ALBIREO.  (Arabic. )  A  star  in  the  head  of  Cygnus.  It  is  a  well-known  and  very  beautiful 
double  star,  easily  resolved.     The  primary  is  orange,  the  smaller  star  blue. 

ALBUMEN.  {AU>umen,  the  white  of  an  egg.)  A  substance  occurring  largely  in  the  animal 
kingdom,  and  to  a  less  extent  in  the  vegetable  kingdom.  Its  chief  sources  are  white  of  eggj 
and  the  serum  of  blood  ;  it  exists  in  two  forms,  soluble  and  insoluble  ;  soluble  albumen  in  the 
dry  state  is  a  pale  yellow  gummy-looking  mass,  tasteless  and  inodorous,  of  specific  gravity,  i  '26. 
It  dissolves  in  water  containing  an  alkaline  salt,  and  when  this  solution  is  heated  to  60°  0. 
(140°  F. ),  the  albumen  passes  into  the  insoluble  form,  and  is  precipitated  as  a  white  mass.  After 
coagulation,  albumen  is  white,  translucent,  and  brittle,  when  dry ;  and  opaque  and  elastic,  in* 
the  presence  of  water.  Soluble  albumen  is  coagulated  by  many  acids.  It  acts  chemically  Uke 
a  weak  acid,  and  forms  compounds  with  bases  which  are  called  albuminates ;  the  form  in  which 
it  exists  in  white  of  egg  is  that  of  albuminate  of  sodium.  The  albumen  extracted  from  vege- 
table  bodies  is  called  vegetable  albumen,  although  it  appears  to  be  identical  with  animal  albu- 
men ;  it  occurs  principally  in  the  seed.  The  composition  of  albumen  is  not  well  ascertained ; 
the  most  probable  formula  is  Cj^Kn^'Sifi  O^^ 

ALOOR.  (Arabic.)  Flamstead's  star  80  of  the  constellation  Ursa  Major.  It  forms  a  wide 
naked-eye  double  with  the  star  Mizar,  the  middle  star  of  the  tail,  from  which  it  is  separated- by 
a  distance  equal  to  about  half  the  moon's  apparent  diameter.     (See  Mizar.) 

ALOOHOL.  By  this  name,  when  standing  by  itself,  is  usually  understood  the  second  term 
of  the  series  of  ordinary  alcohols,  or  vinic  aloohoL  (See  AlcohalU.)  It  is  a  transparent,  colourless, 
mobile  liquid,  of  a  spedfic  gravity,  07939  ^^  ^°  ^*  t  it  boils  at  74*4''  0.  (173*1^  F.) ;  its  vapour 
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denmty  is  i  '613;  its  fomraU  is  C^H^O  ;  it  is  the  spiritaons  principle  of  wine,  beer,  aad  spiritfli, 
and  is  produced  by  the  fermentation  of  sugar,  which  is  split  up  into  alcohol  and  carbonic  acid. 
In  the  diluted  state,  alcohol  is  sometimes  called  spirits  of  wine.  It  is  difficult  to  render  Anhy- 
drous ;  distillation  alone  will  not  produoe]  an  alcohol  containing  less  than  9  per  cent,  of  wmter, 
and  this  remaining  quantity  must  be  removed  by  adding  somethmg  which  unites  with  the  water 
chemically,  such  as  quick  Ixne.  By  oxidation  it  is  converted  into  aldehyd,  and  then  into  aoetio 
acid,  but  other  products  of  oxidation  are  obtained  in  leas  quantity ;  these  are  formic  acid, 
aoetal,  acetic  ether,  saccharic  add,  glyoxal,  glyoxylic  acid  and  glycolUc  acid,  the  final  prodncta 
being  water  and  carbonic  add.  When  the  elements  of  water  are  removed  from  absolute  alcohol^ 
ether  is  formed  (which  see). 
ALCOHOL  PHENYLia    See  Carbolie  Acid. 

ALCOHOLS,  SERIES  OF.  Ordinary  alcohol  is  the  second  term  of  a  series  of  homologoQfl 
bodies  which  differ  from  one  another  in  composition  by  CH|,  and  exhibit  a  regular  gradation  of 
properties,  physical  and  chemical.  They  are  divided  into  monatomic,  diatomic,  and  triatomio 
alcohols,  according  as  they  are  built  upon  the  type  of  one,  two,  or  three  molecules  of  water.  The 
principal  monatomic  alcohols  at  present  known  are — 

Methylic  alcohol,    .  .  •  •  .  CH4O. 

Ethylic  alcohol,      .  •  •  .  0,HeO. 

Propylic  alcohol,    •  •  •  •  .  C^HgO. 

Butylic  alcohol,      .  •  •  •  .  C^HjqO. 

Amylic  alcohol,      •  •  •  •  .  CbHi,0. 

Caproylic  alcohol,  .  •  •  •  .  C^ H^^O. 

Glnaathylic  alcohol,  •  •  .  .  07Hi,0. 

Caprylic  alcohol,     .  .  •  •  .  CgUigO. 

Oetylio  alcohol,      .  .  .  •  •  O^Hg^O. 

Cerotylic  alcohol,   •  •  •  •  •  Ct7H5gO. 

Melissic  alcohol,     .....  C^'H^fi, 

There  are  four  diatomic  alcohols  known.    These  are  called  Crlyools.    They  are  as  follows : — 
Ethylene  glycol,      .  .  .  •  •  C,HeO,. 

Propylene  glycol,    .....  C^R^O^, 

Butylene  glycol,     .....  C4HioO^ 

Amylene  glycol,     .....  CgHi^Oy 

The  triatomic  alcohols  are  called  glycerins.  One  term  only  is  known,  namely  ordinary 
glycerin,  CjHgOg.  In  addition  to  these  alcohols  there  are  many  other  series :  thus,  we  have  (to 
give  one  instance  only  of  each  series)  Allyl  alcohol,  CsHgO ;  Camphol,  CioH^aO ;  Benzyl 
alcohol,  C7HgO ;  Phenyl  alcohol  (or  Carbolic  add),  CgHgO ;  Cinnamic  alcohol,  CgHjoO ; 
Saligenin,  C7HgOg. 

ALCYONE.    (Greek.)    The  brightest  of  the  star  group  called  the  Pleiades. 

ALDEHYD.  A  liquid  obtained  by  the  removal  of  two  atoms  of  hydrogen  from  alcohol, 
whence  its  name,  alcohol  dchydrogtnatvM.  It  is  a  thin  transparent  colourless  liquid,  of  a 
strong  suffocating  odour;  it  boils  at  2V*  C.  (69*5**  F.) ;  it  mixes  in  all  proportions  with  water, 
alcohol,  and  ether;  its  formula  is  C,H40.  It  forms  numerous  compounds,  amongst  which  the 
following  may  be  mentioned — aldehyd-ammonia,  CSH4ONHS,  formed  by  pasBing  ammonia 
into  aldehyd  and  ether.  It  exists  as  transparent,  white,  colourless  ciyatals, '  very  brilliant, 
melting  at  about  75°  C.  (167"  F.),  and  distilling  at  lOO*"  C.  (212"  F.)  Acida  separate  aldehyd 
from  it.  Sulphite  of  aldehyd-ammonia  is  a  white  ciystalline  body,  soluble  in  water  and  alcohol, 
formed  by  mixing  sulphurous  add  with  aldehyd  ammonia.  The  characteristic  reactions  of  the 
homologous  series  of  the  aldehydes  are  the  formation  of  definite  compounds  with  the  add 
sulphites  of  alkali  metals,  and  the  reduction  of  silver  salts  to  the  metallic  state. 

ALDEBARAN.    (Arabic.)    The  chief  star  of  the  constellationTaunis  ;  a  red  star. 

ALDERAMIN.    (Arabia)    The  star  a  of  the  constellation  Cepheus. 

ALEMBIC.  (Arabic,  a2,  the;  amheej,  corrupted  from  Aa<^($,  a  cup.)  A  piece  of  chemical 
apparatus  somewhat  like  a  glass  retort,  but  having  the  head  and  neck  removable  from  the  body. 
Alembics  were  formerly  much  used,  but  are  now  generally  superseded  by  retorts,  except  in  some 
manufacturing  processes. 

ALFONSINE  TABLES.  Astronomical  tables,  published  under  the  auspices  of  Alfonso  X, 
king  of  Castile  and  Leon,  in  1252. 

ALGEIBA  (Arabic. )  The  star  y  of  the  cQnstellatioii  Leo.  It  is  a  fine  double,  a  good  test 
for  small  telescopes.    The  components  are  orange  and  green. 
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ALGENIB.  (Arabic.)  The  star  7  of  the  constellation  Pegasus.  It  fonns  one  of  a  remarkable 
square  of  stars,  cu^ed  by  astronomers  ^'the  square  of  Pegasus,"  the  other  three  stars  forming 
the  square  being  a  and  /3  Pegasi,  and  a  Andromeda  (otherwise  called  respectively,  Markab, 
Scheat,  and  Alpheratz). 

ALGOL.  (Arabic.)  The  star  /3  in  the  constellation  Perseus.  A  remarkable  yariable.  (See 
Start,  Variable.) 

ALHENA.     (Arabic.)    The  star  7  of  the  constellation  Gemini 

ALIDADE.  (Arabic.)  A  rod  carrying  the  sights  of  a  quadrant,  and  serving  to  indicate  how 
liany  degrees  or  minutes  the  observed  object  is  raised  above  the  horizon.    The  term  is  obsolete. 

ALIOTH.     (Arabic.)    The  star  c  of  the  constellation  Ursa  Major. 

ALIZARINE.  The  colouring  matter  of  Madder.  It  is  a  briUiant  scarlet  substance  which 
crystallises  in  prisms,  and  when  exposed  to  carefully  regulated  heat  sublimes,  condensing  into 
beautifid  tufts  of  scarlet  needles.  It  is  only  sparingly  soluble  in  water,  but  dissolves  in  spirit 
and  in  alkaline  solutions.  Its  tinctorial  power  is  at  least  thirty-five  times  as  great  as  that  of 
madder  itself.  Turkey  red,  madder  pink,  and  all  the  finer  madder  colours  are  compounds  of 
alizarine  and  fatty  adds  with  bases.  The  discovery  of  the  method  of  preparing  alizarine  arti- 
ficially is  due  to  two  continental  chemists,  Messrs.  Graebe  and  Liebermann,  and  is  the  result  of  a 
scientific  investigation  on  the  properties  and  molecular  structure  of  alizarine,  conducted  step  by 
step  in  accordance  with  logical  deductions  from  the  known  laws  of  synthetical  chemistry.  The 
formula  of  alizarine  is  Ci^HgO^.  From  an  examination  of  the  substances  obtained  when 
alizarine  was  submitted  to  certain  chemical  operations,  it  had  been  ascertained  that  it  is  con- 
nected with  the  hydro-carbon  group,  containing  Cj^H^o,  and  by  heating  it  with  zinc  dust  the  above- 
named  chemists  actually  obtained  from  it  the  hydro-carbon  C24H10.  This  was  seen  to  be 
identical  with  one  of  the  solid  crystalline  bodies  obtained  in  the  distillation  of  coal,  named 
anthracene ;  and  by  a  somewhat  complicated  process  they  converted  this  into  anthraquinonc  , 
then  into  bibrom-anthraquinone ;  and  lastly  into  alizarine,  having  by  this  means  added  O^  and 
removed  H^  from  the  anthracene.    (See  Madder.) 

ALKAID.  (Arabic.)  The  star  fj  of  the  constellation  Ursa  Major.  It  is  the  last  star  of  the 
three  which  form  the  Beards  tail. 

ALKALAMIDES.     See  Amides. 

ALKALI.  (Arabic,  al  Kali,)  A  name  applied  to  a  well  defined  class  of  bodies  characterised 
by  the  following  properties.  They  turn  i^  litmus  paper  blue,  completely  neutralise  acids, 
they  are  soluble  in  water,  and  their  solutions  exert  a  caustic  action  upon  annual  matter.  The 
alkalies  proper  are  the  oxides  of  potassium,  sodium,  lithiimi,  rubidium,  and  csesium.  To  these 
must  be  added  the  compound  alkali  ammonia^  the  oxide  of  the  hypothetical  metal  ammonium, 
which  used  to  be  called  the  volatile  alkali,  in  contradistinction  to  potash  and  soda,  which  were 
called  fixed  alkalies.  The  alkaline  earths  are  the  oxides  of  barium,  strontium,  calcium,  and 
magnesium.  The  oxides  of  some  other  metals,  such  as  silver,  thallium,  and  lead,  are  also 
somewhat  soluble  in  water,  and  possess  slight  alkaline  properties. 

ALKALIMETRY.  The  method  of  estimating  the  amount  of  alkali  in  alkaline  liquids.  It 
is  usually  effected  by  the  volumetric  process  of  analysis,  by  ascertaining  how  many  divisions  of 
a  graduated  tube  containing  an  add  of  definite  strength  are  reqidred  to  neutralise  the  liquid 
under  examination. 

ALKALINE  SPECTRA.  The  spectra  produced  by  the  metals  of  the  alkalies  and  alkaline 
earths  are  readily  seen  by  introducing  one  of  their  compounds  into  a  spirit  flame,  and  examin- 
ing the  flame  by  a  spectroscope.  The  flame  wHl  then  become  coloured  crimson  with  lithium, 
yellow  with  sodium,  purple  with  potassium,  deep  red  with  ];ubidium,  bluish  with  csesium,  brick 
red  with  calcium,  red  with  strontium,  and  green  with  barium.  Each  of  these  coloured  flames 
gives  a  spectrum  of  bright  lines  peculiar  to  itself,  and  sufficiently  characteristic  to  be  used  as  a 
chemical  test.     (See  Spectrum  ;  Spectrum  Analysis  ;  Spectra  of  the  Metallic  Elements.) 

ALKALOID.  (Alkali,  and  e(dof,  a  resemblxmoe.)  A  name  given  to  a  very  numerous  and 
important  class  of  organic  substances,  which,  possessing  many  of  the  properties  of  the  alkalies 
of  the  mineral  kingdom,  are  termed  alkaloids.  Some  of  them,  hydrate  of  tetrethylium  for  in- 
stance, rival  potash  and  soda  in  their  alkaline  properties.  Some  alkaloids  are  obtained  exdu- 
sively  from  the  vegetable  kingdom,  where  they  frequently  constitute  the  active  prindple  of  the 
plant,  for  instance  morphia,  quinine,  and  strychnine ;  some  coirespond  in  compodtion  to 
ammonia,  and  are  produced  artificially  from  it  by  replacement.  (See  Amides.)  As  a  specimen 
of  these,  we  may  mention  methylethylamylophenylammoniimL  Others  in  which  the  nitrogen 
is  replaced  by  other  elements  of  the  same  group,  such  as  phosphorus,  arsenic,  antimony, 
or  bismuth  are  prepared  artificially.  Amongst  these  may  be  mentioned  arsenethylium, 
and  triethyphosphine.  The  most  important  alkaloids  wUl  be  described  under  their  respective 
headings. 
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ALKES.    (Arabic.)    The  star  a  of  the  constellation  Grater.    It  was  probably  the  brighteBt 
star  of  the  constellation  when  Bayer  so  lettered  it,  but  is  now  far  less  conspicuous  than  d. 

ALKABSIK    See  Arsenic, 

ALLOTROPY.      Liorganio  solids  occur  under  one  of  three  conditions,  tIz.: — (i.)    The 
crystalUnef  as  the  diamond ;  (2.)  the  vitreout,  as  glass  or  barley-sugar ;  and  (3.)  the  amorphout^ 
or  shapeless,  as  clay,  chalk,  &c.     But  there  are  many  bodies,  any  one  of  which,  without  under- 
going a  change  in  chemical  composition,  may  yet  appear  under  one  of  the  above  three 
conditions,  with  striking  changes  in  physical  and  eyen  chemical  properties,  while  still  ret>a!ningy 
so  to  speak,  its  chemical  identity.    Sulphur,  for  example,  sometimes  occurs  in  native  octohedral 
crystals,  or  it  may  be  obtained  in  the  crygtaUine  form  by  evaporation  from  one  of  its  solutions. 
These  crystals,  which  are  hard  and  brittle,  may  be  fused  by  the  application  of  heat,  and  if  the 
melted  sulphur  be  poured  into  cold  water  it  becomes  tough,  flexible,  and  translucent ;  it  may  be 
kneaded  and  also  drawn  into  threads.    It  is  now  in  the  vitreous  condition,  and  it  does  not  take  fire 
BO  readily  as  ordinary  sulphur.    By  exposure  to  the  air  for  a  few  days  it  becomes  brittle, 
opaque,  and  partly  crystalline,  and  if  treated  with  the  liquid  solvent,  bisulphide  of  carbon,  the 
crystalline  portion  dissolves,  leaving  a  buff-coloured  insoluble  powder.     This  is  amorphoug 
sulphur.    If  this  be  exposed  to  the  action  of  heat  it  recovers  its  solubility.    These  three  fonns 
of  sulphur  differ  in  density  and  specific  heat. 

The  term  aUotropy  (from  aXXof,  another,  and  rpowot,  habit,)  has  been  applied  to  the  branch  of 
science  which  takes  account  of  the  different  sets  of  properties,  possible  to  one  and  the  same 
body.  Although  the  science  of  the  subject  is  obscure,  yet  it  seems  to  point  to  the  fact  that 
bodies  possessing  veiy  different  properties  may  be  composed  of  the  same  ultimate  atoms ;  and 
that  in  the  wise  economy  of  nature  the  mode  of  arrangement  of  the  atoms  is  as  important  as  the 
elementary  nature  of  the  atoms  themselves. 

Notable  examples  of  allotropy  occur  in  the  case  of  phosphorus,  which  may  be  crystalline, 
vitreous,  or  amorphous ;  soluliJe  or  insoluble ;  inflammable  or  non-inflammable  at  moderate 
temperatures ;  waxy  and  translucent,  or  of  an  opaque,  dull,  brick-red  colour,  and  so  on.  Garboa 
may  also  exist  in  the  form  of  the  diamond,  graphite,  charcoal,  &c.  Gompound  bodies,  among 
other  changes,  may  vary  in  colour,  as  in  the  case  of  sulphide  of  mercury,  which  may  be  either 
of  a  black  or  of  a  scarlet  colour.  Glass,  which  is  the  type  of  vitreous  bodies,  may  become  opaque, 
and  semi-crystalline.  Even  gases  are  subject  to  allotropic  conditions,  cssone  and  oxygen  being' 
two  such  states  of  the  same  body. 

ALLOXAN.  One  of  the  numerous  products  of  the  oxidation  of  urio  acid.  It  forms  large 
transparent  colourless  crystals,  readily  soluble  in  water  or  alcohol ;  in  the  anhydrous  state  the 
formula  is  G^ H^N^O^.  It  is  decomposed  by  heat,  and  also  by  most  reagents.  Hydrochloric 
and  sulphuric  adds  or  reducing  agents  convert  alloxan  into  aJloTcantin,  which  under  the  action 
of  ammonia  is  converted  into  purpurate  of  ammonium  or  murexide.  (See  Murexidc)  The 
formula  of  all«xantin  is  GgH4N407.3H,0. 

ALLOXANTIN.    See  Alloxan. 

ALLOYS.  Gombinations  of  metals  with  each  other  are  called  alloys,  except  when  mercury 
is  a  constituent  in  which  case  they  are  called  amalgams.  The  following  are  the  most  important 
alloys : — 

NAMB  OF  ALLOT.  COMPOSITION. 

Aluminium  bronze,  •  •  •  Gopper  and  aluminium. 

Bell  metal, 


Bronze, 
Gun  metal. 
Speculum  metal. 
Brass, 
Dutch  gold, 
Mosaic  gold, 
Ormolu,     • 
Tombac,    . 
German  silver, 
Packfong, 
Britannia  metal, 
Solder, 
Pewter  (ordinary) 
Fusible  metal, 
Type  metal. 

Stereotype  metal. 


Gopper  and  tin. 

Gopper  and  tin. 

Gopper  and  tin. 

Gopper  and  tin. 

Gopper  and  zinc. 

Gopper  and  zina 

Gopper  and  zinc 

Gopper  and  zinc 

Gopper  and  zinc 

Gopper,  nickel,  and  zina 

Gopper  and  arsenic 

Tin  and  antimony. 

Tin  and  lead. 

Tin  and  lead. 

Bismuth,  lead,  tm,  and  nfl/^mmni 

Lead  and  antimony  (and  sometimes 

a  little  copper). 
Lead,  antimony,  and  bismuth. 
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Shot  metal,  ....  Lead  and  arsenic 

Standard  gold,     •  .  .  •  Gold  and  copper. 

Standard  silver,    ....  Silver  and  copper. 

In  the  preparation  of  aUoys  the  least  fusible  metal  should  be  melted  first,  and  the  most 
fusible  added  in  small  quantities  at  a  time.  A  flux,  such  as  borax,  chloride  of  zinc,  or  tallow, 
(according  to  the  temperature),  being  added  to  prevent  loss  by  oxidation.  The  fusing  point  of 
alloys  is  generally  lower  than  the  mean  of  the  fusing  points  of  the  constituent  metals.  Alloys 
are  generally  more  tenacious,  but  less  malleable  and  ductile,  than  would  be  expected  from  their 
composition. 

AliLYL.  {Allium,  garlia)  The  oil  of  garlic  contains  both  the  sulphide  and  the  oxide  of 
allyl.  Allyl  is  a  very  volatile  liquid,  possessing  a  specific  gravity  of  0*684,  <^d  &  boiling  point 
of  138"  F.  (59°  C.)  Formula  C,!!,.  Allyl  was  isolated  by  Berthelot  and  De  Luca  in 
1856. 

ALLYL  ALCOHOL.  An  organic  liquid,  one  of  the  series  of  alcohols.  {See  AlcokoU.)  It 
is  of  interest  owing  to  some  compounds  of  its  radical  allyl  being  identical  with  the  oils  of 
mustard  and  garlic.  They  are  as  follows  : — Sulphide  of  aUyl^  CgHjqS,  a  colourless,  highly 
refracting  oil,  Bghter  than  water,  and  boiling  at  140''  G.  (284**  F.)  It  ia  identical  in  composi- 
tion and  properties  with  oil  of  garlic.  Sulpfiocyanate  of  allyl,  C4H5NS,  a  transparent, 
colourless  oil,  having  in  a  very  high  degree  the  sharp  penetrating  odour  of  mustard.  It  blisters 
the  skin,  and  possesses  in  every  respect  the  properties  of  the  essential  oil  extracted  from  black 
mustard. 

ALMAGH.    (Arabic.)    A  bright  star  on  one  of  the  feet  of  Andromeda. 

ALMAGEST.  (Compounded  of  the  Arabic,  at,  the ;  and  the  Greek  fUyiaroPy  greatest.) 
The  name  given  by  Arabic  astronomers  to  the  celebrated  treatise  on  astronomy  by  Ptolemy. 

ALMONDS,  OIL  OF  BITTER.  This  oH  is  produced  by  the  action  of  emulsin  on  the 
amygdalin  contained  in  bitter  almonds.  It  consists  chiefly  of  hydride  of  benzoyl,  together  with 
hydrocyanic  acid,  benzoic  acids,  benzoin  and  benzimide.  Hydride  of  benzoyl,  or  pure  oil  of  bitter 
almondB,  is  a  coloiurless  strongly  refracting  liquid,  with  a  peculiar  smell  and  burning  taste.  It  bolls 
at  179*"  C.  (354°  F.).  It  is  not  poisonous  when  pure  ;  the  ordinary  oil  of  bitter  almonds  owing 
this  property  to  the  hydrocyanic  acid  which  it  contains.  It  is  regarded  as  the  aldehyd  of  the 
benzoic  group.     Its  composition  is  CjHfi. 

ALNILAM.  (Arabic.)  The  star  e  of  the  constellation  Orion.  It  is  the  middle  star  of 
Orion's  belt,  and  a  somewhat  remarkable  object,  being  involved  in  nebulous  light.  It  is  also 
variable. 

ALPHABD.  (Arabic.)  The  star  a  of  the  constellation  Hydra.  In  the  sea-snake's  body. 
The  star  is  also  called  Cor  Hydra. 

ALPHECCA.  (Arabic.)  The  leading  star  of  the  constellation  Corona  Borealis.  It  has  been 
called  "  the  gem  of  the  crown.'* 

ALPHERATZ.  (Arabic.)  A  bright  star  in  the  head  of  Andromeda  ;  but  also  represented  in 
ancient  charts  as  appertaining  to  the  constellation  Pegasus.  It  is,  in  fact,  according  to  Bayer's 
nomenclature,  at  once  a  Andromeds,  and  5  PerseL     (See  Algenib.) 

ALPHIBK.    (Arabic.)    A  star  in  Cepheus. 

ALSHAIN.    (Arabic.)    The  star  /3  of  the  constellation  Aquila. 

ALTAIR.   (Arabic.)    The  leading  star  of  the  constellation  Aquila. 

ALTITUDE.  {AUiiudOf  height).  In  astronomy,  the  angular  distance  of  a  heavenly  body 
from  the  horizon,  measured  in  the  direction  of  a  great  drole  passing  through  the  object  and  the 
point  overhead.  

ALTITUDE  AND  AZIMUTH  INSTRUMENT,  or  sometimes  the  Alt-AziimUh,  A  tele- 
scope so  constructed  as  to  be  moveable  primarily  about  a  vertical  axis,  and  secondarily,  about  a 
horizontal  axis,  at  right  angles  to  the  tube  of  the  telescope.  Such  a  telescope  may  be  directed 
towards  a  celestial  object  by  two  movements.  Thus,  suppose  the  telescope  directed  in  the  first 
instance  horizontally  towards  the  north,  and  that  the  object  to  be  observed  lies  towards  the 
south-west,  and  at  on  elevation  of  forty-five  degrees.  Then  the  telescope  must  first  be  turned 
about  the  vertical  axis  towards  the  west  and  through  an  angle  of  135  degrees,  then  on  the 
horizontal  axis  upwards  and  through  an  angle  of  45  degrees.  The  former  angle  is  called  the 
azimuth  of  the  object  (see  Azimuth),  the  latter  its  altitude  (see  Altitude) ;  and  the  instrument 
derives  its  name  from  the  fact  that  it  is  brought  to  bear  on  objects  by  motions  affecting  these 
relations.  For  scientific  purposes,  the  alt-azimuth  has  not  been  much  used.  The  altitude  and 
azimuth  of  every  celestial  object  are  continually  changing,  so  that  an  object  can  only  be  kept  in 
the  field  of  an  alt-azimuth  by  a  continual  and  variable  process  of  double  motion,  which  no 
machinery  can  impart.  The  alt-azimuth  has,  however,  been  used  at  Greenwich  for  determining 
the  elevation  of  the  moon  when  due  east  or  west. 
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ALUM.     (Alumen),    Under  this  name  are  included  many  salts  which  are  formed  npon  the 
same  type — that  of  common  alum.     A1K(S04)}.  I2U,0.      The    AL   (aluminium)   in   this 
may  be  replaced  by  the  similar  metal  chromium,  or  iron,  and  the  X  (potassium)  by  the  similar 
metallic  group— ammonium  (NH4),  or  the  metals  silver,  caesium,  &c.    llie  following  alums  may 
be  described  : — Double  Sulphate  of  Aluminium  and  Potastium  {A1K(S0^\.  I2H,0). — This  is 
prepared  in  large  quantities  for  use  in  the  art  and  manufactures.     It  crystallises  very  readily  in 
large  colourless  octahedral  crystals,  which  are  tolerably  soluble  in  water,  and  slightly  eiTiorescent 
in  the  air.      Double  Sulphate  of  Aluminium  and  Ammonium  {Al(S'H.^){SOj^,  I2H,0),    or 
Ammonia  alum. — This  is  very  similar  to  potash  alum,  and  is  used  indiscriminately  with  the 
latter  in  the  arts,  as  the  commercial  yalue  of  alums  de])end  on  the  alumina  and  not  on  the  other 
base.     Commercial  alum  is  frequently  a  mixture  of  ammonia  and  potash  alum.     Chrome  Alton. 
— Under  this  head  are  known  double  sulphates  of  chromium,  with  sulphate  of  ammonium  or 
sulphate   of   potassium.      The  one   best  known  is  the  potassic  Chrome  alum  (CrK(S04)^ 
I2H,0);  it  crystalliBes  in  large  octahedrons,  which  have  a  splendid  ruby  red  colour,  and  are 
tolerably  soluble  in  water. 

ALUMINA.    See  Aluminium, 

ALUMINIUM.  The  metallic  basis  of  alumina,  which,  in  combination  with  silica,  is  the 
chief  constituent  of  clay.  The  metal  itself  is  difficult  to  prepare,  but  of  late  years  it  has  become 
an  article  of  commerce,  and  may  be  obtained  at  a  reasonable  price.  It  is  a  white  metal,  inalter- 
able in  the  air,  and  capable  of  taking  a  fine  polish  ;  it  b  very  malleable  and  ductile,  and  some- 
what  soft  after  fusion,  but  is  rendered  hard  by  hammering.  Its  specific  gravity  is  2*56 ;  it 
melts  a  little  above  the  fusing  point  of  zinc,  and  may  be  cast  with  readiness.  It  in  very  sonor- 
ous, emitting  a  clear  bell-like  sound,  when  a  bar  is  suspended  by  threads  and  struck  with  a  piece 
of  wood.  Its  electric  conductivity  is  about  equal  to  that  of  silver,  and  it  is  an  excellent  conductor 
of  heat.  Owing  to  its  inalterability  in  the  air,  and  non-attack  by  sulphuretted  hydrogen, 
aluminium  ornaments  retain  their  brilliancy  in  the  atmosphere  of  towns,  in  which  silver  would 
tarnish  rapidly.  Aluminium  is  not  attacked  by  nitric  acid,  dilute  sulphuric  acid,  or  vegetable 
adds,  but  hydrochloric  acid  and  caustic  alkaUne  solutions  dissolve  it  readily.  The  atomic 
weight  of  aluminium  is  27*5,  and  its  symbol  Al.     The  principal  compounds  are  as  follows  : — 

Chloride  of  Aluminium  (AlClg).  This  compound  is  prepared  by  heating  a  mixture  of 
alumina  and  carbon  in  a  current  of  dry  chlorine  gas  ;  it  sublimes  at  a  moderate  heat,  condensing 
to  a  transparent  waxy  substance ;  it  is  very  deliquescent,  and  its  solution  in  water  on  evapora- 
tion yields  a  hydrated  chloride  in  crystals.  Chloride  of  aluminium  unites  with  chloride  of 
sodium  to  form  a  double  salt,  which  is  permanent  in  the  air,  and  only  Blightly  deliquescent. 
This  compound  is  the  one  by  means  of  which  the  metal  is  prepared.  When  sodium  is  heated 
with  it,  the  whole  of  the  aluminium  it  contains  is  reduced  to  the  metallic  state. 

Alumina. — This  is  the  only  known  oxide  of  aluminium  ;  its  formula  is  Al^Og.  It  is  a  white 
insoluble  powder  in  the  anhydrous  state,  and  after  strong  ignition  it  is  almost  insoluble  in  acids. 
Its  specific  gravity  varies  between  3*72  and  4*0.  In  the  native  state  it  occurs  crystalline,  and 
according  to  its  colour  and  transparency,  is  known  under  the  name  of  emery,  corundimi,  sap- 
phire, ruby,  oriental  topaz,  and  oriental  amethyst.  At  the  temperature  of  the  oxyhydrogen  flame, 
alumina  fuses,  and  if  chromate  of  potaasium  is  added  to  it,  the  fused  mass  on  cooling  has  a  ruby 
colour  like  the  natural  gem.  Alumina  forms  several  hydrates  when  precipitated  from  solutions ; 
it  unites  with  adds  to  form  salts,  the  most  important  of  which  will  be  described  under  the  head- 
ings of  the  respective  adds. 

ALWAID.  (Arabic.)  The  star  p  Draconis,  one  of  the  eyes  of  the  monster,  according  to  the 
maps. 

AMALGAMATED  ZINC.  If  a  plate  of  common  commercial  zinc  be  placed  in  dilute 
sulphuric  acid,  it  is  quickly  dissolved  in  the  add,  sulphate  of  zinc  being  formed  :  if,  however, 
the  zinc  plate  be  amalgamated,  that  is,  cleaned  by  immersion  in  add  and  then  rubbed  over  with 
mercury,  so  as  to  present  a  bright  surface,  it  may  be  placed  in  the  acid  without  being  attacked. 
This  property  has  not  been  satisfactorilv  accounted  for,  but  it  is  of  great  importance ;  for  it 
was  pointed  out  by  M^.  Kemp  of  Edinburgh,  in  1826,  that  the  zinc,  on  being  amalgamated, 
loses  none  of  its  power  as  one  of  the  metals  of  a  voltaic  couple.  On  placing  a  copper  plate  in  the 
same  add,  and  making  contact  between  the  two  plates,  the  solution  of  the  zinc  at  once  oom- 
mences  ;  hydrogen  is  given  off  from  the  copper  plate,  and  an  electric  current  is  produced.  If 
the  connection  is  broken,  the  action  on  the  zinc  at  once  stops.  Since,  therefore,  the  zinc  is  only 
wasted  when  the  current  is  passing,  amalgamated  zinc  is  now  used  in  all  voltaic  arrangements. 

AMALGAM,  ELECTRIC,  {Afm,  together ;  ya/ietaj  to  unite,)  is  made  by  rubbing  together  in 
a  mortar  i  part  of  tin,  2  of  zinc,  and  6  of  mercury.  Or  the  zinc  and  tin  may  be  melted  together, 
and  poured  into  a  wooden  box  containiog  the  mercury.  The  box  is  then  closed,  and  smartly 
shaken  tiU  cold.  The  powder  produced  in  either  of  these  ways  is  mixed  with  a  little  grease  or  hud. 
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The  amalgam  is  used  for  Bmearing  the  silk  with  which  glaas  ia  rabbed  in  obtaining  electricity  by 
friction,  particularly  in  the  case  of  the  rubbers  of  the  electric  machine.  It  is  found  that  its  ap- 
plication very  much  increases  the  quantity  of  electricity  obtained.  No  satisfactory  explanation 
has  been  given  of  its  action.  Probably  part  of  the  effect  is  due  to  the  perfect  discharging  of  the 
rubber,  which  would  be  effected  by  thus  giving  it  a  metallic  coating. 
AMALGAMS.     See  AUoyt, 

AMBER.  (Arab.  Anbar,)  A  fossil  gum  found  in  certain  geological  formations,  and  sometimes 
thrown  up  on  the  sea-shore.  It  is  hard,  brittle,  and  tasteless,  insoluble  in  water  and  alcohol, 
but  soluble  in  sulphuric  acid  and  in  alkalis.  The  specific  gravity  varies  between  i  '065  and  1*070. 
Amber  is  susceptible  of  polish,  is  generally  semi-transparent,  and  when  submitted  to  friction, 
becomes  highly  electrical  When  subjected  to  destructive  distillation,  amber  yields  succinic 
acid,  water,  oil,  and  an  inflammable  gas. 

AMBEKGrRIS.  A  substance  formed  in  the  intestines  of  the  spermaceti  whale,  and  some- 
times cast  upon  the  searshore.  It  is  a  gray  brittle  solid,  possessing  a  peculiar  odour.  Specific 
gravity,  0780  to  0*926. 

AMETHYST.     {afie6varos,—a,  not,  and  fieOvta,  to  be  drunk.)    A  gem  so  named  from  its 
supposed  property  of  preventing  drunkenness.    The  common  amethyst  is  simply  a  coloured 
crystal  of  quartz,  and  is  much  i^erior  in  value  to  the  oriental  amethyst^  which  consists  of  crys- 
tallised alumina.    (See  Corundum, ) 
AMIANTHUS.    &ee  Atbeetoa. 

AMIDES.  A  tenn  used  to  express  a  compound  ammonia,  in  which  one,  two,  or  three  of  the 
hydrogen  atoms  are  replaced  by  an  acid  radical.  The  nomenclature  of  this  subject  was  very 
confu^d,  until  Gerhardt  and  Chiozza(Ann.  Ch.  Fhys.  (3)  xlvi.),  proposed  certain  simplifications, 
which  are  now  generally  adopted.  Ammonia,  in  which  one  or  more  atoms  of  hydrogen  are 
replaced  by  an  acid  radical,  are  called  amides;  thus  we  have  acetamide,  &c.  Ammonias,  in 
which  one  or  more  atoms  of  hydrogen  are  replaced  by  base  radicals,  are  called  amines;  thus  we 
have  potassamine,  ethylamine.  Ammonias,  in  which  two  or  more  atoms  of  hydrogen  are  replaced 
by  add  and  base  radicals,  are  called  alkalamidea  ;  thus  we  have  ethylacetamide.  Further,  these 
three  olaases  are  divided  into  monamideSf  diamAdes^  and  triamides ;  monamines,  diamines^  and 
triamines ;  monalkalamides,  di€dkalamides,  and  triaUealamideSf  according  as  they  are  derived  from 
one,  two,  or  three  molecules  of  ammonia. 
AM  INES.    See  Amides, 

AMMONIA ;  or,  Volattle  Alkalu  A  colourless  gas  of  a  powerful  odour  and  taste  ;  its  specific 
gravity  is  0*5893  ;  it  neither  supports  combustion  nor  respiration  ;  it  is  feebly  combustible,  and 
has  the  same  action  upon  vegetable  colours  as  caustic  potash,  the  effect,  however,  being  evan- 
escent. By  a  cold  of  — ^40°  C.  ( — ^40°  F.),  or  by  a  pressure  of  six  atmospheres,  at  a  temperature 
of  about  50"  F.  ammoniacal  gas  is  condensed  to  a  liquid,  in  which  state  it  is  colourless  and 
very  mobUe,  of  the  specific  gravity,  0*76,  and  boiling  at  — 337'  C.  ( — 28*75®  ^O-  ^J  exposing 
the  dry  gas  to  a  pressure  of  20  atmospheres,  and  at  the  same  time  to  a  cold  of  — 75°  0.,  Fara- 
day obtained  solid  anmionia  as  a  white  transparent  crystalline  body.  Ammoniacal  gas  has  the 
formula  N  Hg ;  it  is  greedOy  soluble  in  water,  with  evolution  of  heat,  and  great  expai^on,  form- 
ing aqueous  ammonia,  or  solution  of  hydrated  oxide  of  ammonium.  One  volume  of  cold 
water  absorbs  670  volumes  of  ammonia,  or  jiearly  half  its  weight,  forming  a  solution  of  specific 
gravity  0*875.  When  fully  saturated,  the  specific  gravity  and  boiling  point  vary  according  to  the 
amount  of  ammonia  dissolved  in  the  water.  A  p^ectly  saturated  solution  has  a  specific 
gravity  of  0*85  and  a  boiling  point  of  — ^4°  G.  (25°  F.)  A  solution  of  specific  gravity  0*87 1x)ils  at 
lo**  G.,  one  of  0*90  specific  gravity  boils  at  30**  G.,  one  of  0*93  specific  gravity  boils  at  50**  G.,  one  of 
0*96  specific  gravity  boils  at  70°  G.,  whilst  one  of  specific  gravity  0*99  boils  at  92"  G.  Aqueous  am- 
monia dissolves  many  oxides  and  salts  which  are  insoluUe  in  water,  such  as  oxide  of  copper,  chlo- 
ride of  silver,  &o. ;  it  precipitates  most  of  the  heavy  and  earthy  metals  from  th'eir  add  solutions, 
in  the  form  of  hydrates  or  oxides,  and  on  this  account  is  a  most  valuable  test  in  chemical  analysis. 
By  exchanging  one,  two,  or  three  of  its  atoms  of  hydrogen  sucoessively  for  a  metal,  or  for  a 
compound  radical,  the  important  class  of  amides  is  formed.  (See  Amides.)  Anmionia  unites  with 
acids  to  form  salts,  which,  in  their  chemical  composition,  are  identical  with  those  of  potassium 
or  sodium  salts,  if  we  consider  that  the  metal  in  the  compound  is  replaced  by  the  group  N  H4 
ammonium.  The  most  important  ammoniacal  salts,  whidi  are  not  described  below,  are  given 
under  the  headings  of  the  respective  adds. 

AMMONIUM.  A  hypothetical  metal,  which  is  assumed  to  exist  in  ammoniacal  salts ;  its 
formula  is  NH4.  By  adopting  this  theory,  which  was  first  proposed  by  Berzelius,  am- 
moniacal salts  are  brought  into  chemical  anslogy  with  potassium  and  sodium  salts,  which 
they  resemble  almost  perfectly.  This  theory  has  derived  a  singular  confirmation  in  the  die- 
ooveiy  of  an  amalgam  of  ammoDium,  which  may  be  obtained,  like  amalgam  of  potaasiam,  by 
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the  action  of  a  strong  galvanic  'batteiy  on  a  polntion  of  ammonia^  the  negative  pole  beizi^ 
formed  of  mercury.  The  mercury  increases  lugely  in  volume,  and  assumes  the  consistencse  of 
butter,  and,  when  fully  saturated,  floats  upon  water.  At  o**  C.  it  solidiSes  and  crystalliaes  in 
cubes.  At  the  ordinary  temperature  this  amalgam  quickly  decomposes  into  ammonia  and 
hydrogen  and  liquid  mercury.  The  same  amfUgam  may  be  prepared  by  bringing  sodiiun 
amalgam  into  contact  with  a  strong  and  warm  solution  of  chloride  of  ammonium,  the  reaction 
takes  place  rapidly,  and  the  buttery  ajna^lg*^™^  after  being  rapidly  dried,  may  be  preserved  for  a 
considerable  time  in  castor  oiL 

AMMONIUM,  CHLORIDE  OF.  Known  also  as  Sal  Ammoniae.  A  compound  of  ammo- 
nium and  chlorine,  analogous  to  chloride  of  sodium  and  chloride  of  potassium.  Its  formula  is 
N  H4CI.  It  is  a  white  crystalline  substance,  readily  soluble  in  water,  less  so  in  alcohol ;  vola- 
tiUsed  by  heat  without  previous  fusion.  It  is  decomposed  by  heating  with  slaked  lime,  when 
gaseous  anunonia,  N  Hg,  is  given  off. 

AMMONIUM,  SULPHIDE  OF.  The  pure  sulphide  NH^S,  fonns  colourless  crystals 
which  are  volatile  at  the  ordinary  temperature.  The  aqueous  solution  is  frequently  employed 
in  the  laboratory  as  a  test ;  it  is  generally  prepared  by  passing  sulphuretted  hydrogen  to  satura- 
tion into  an  aqueous  solution  of  ammonia.  Sulphide  of  ammonium  dissolves  excess  of  sulphur, 
and  forms  a  yellow  liquid  which  consists  of  a  mixture  of  several  higher  sulphides,  such  as  the 
di-Bulphide  (N  H4),Ss  ;  the  tri-sulphide,  (N  H4)|Ss  ;  the  tetra-sulphide  (N  H4)|S4,  &a 

AMOKPHISM.  (a,  without;  fiofxpiff  form.)  Solids  are  either  crystalline  or  amorphous  ;  the 
vitreous  condition  noticed  under  AUotropy,  being  a  variety  of  Amorphism.  An  amorphous 
body  has  no  czystalline  structure,  no  planes  of  cleavage,  so  that  it  can  be  broken  equally  well 
by  applying  force  in  any  direction  ;  the  fracture  is  not  granular,  but  conchoidal.  The  same 
body  may  often  occur  crystalline  or  amorphous,  and  it  is  generally  heavier,  harder,  and  less 
soluble  in  the  crystalline  than  in  the  amorphous  state.  The  passage  of  a  body  from  the  amor^ 
phous  to  the  crystalline  state  is  called  trantformaiion^  and  from  the  crystalline  to  the  amorphous 
state  deformation.  If  a  solution  be  cooled  too  rapidly,  the  BoUd  is  apt  to  become  amorphous, 
when,  under  other  conditions,  it  would  be  crystalline. 

An  amorphous  body  m^y  be  produced :  (i.)  hjfution  or  vitrification,  of  which  glass,  many 
slags,  obsidian,  pumice  stone,  &c.,  are  examples  ;  (2.)  by  evaporation  of  a  solution,  as  in  the  came 
of  gum,  glue,  white  of  egg^  &c. ;  (3. )  by  precipitation,  as  in  the  case  of  most  voluminous,  geU- 
tinous,  and  viscid  matters,  thrown  down  from  solutions. 

Some  examples  of  amorphism  are  given  under  the  heading  AUotropy,  and  they  might  be  mul* 
tiplied  to  any  extent.  In  some  cases,  considerable  light  is  thrown  upon  structure,  and  difference 
in  property  depending  thereon,  by  considering  whether  the  body  has  been  deposited  in  a  cry»- 
talline  or  an  amorphous  form.  Quartz,  for  example,  has  a  specific  gravity  of  2*652,  it  refracts 
light  doubly,  is  slightly  soluble  in  a  boiling  solution  of  potash,  and  does  not  harden  when 
brought  into  contact  with  lime  and  water.  Opal  (which,  like  quartz  consists  of  silica,)  has  a 
specific  gravity  of  2*09,  it  refracts  light  singly,  dissolves  readily  in  a  boiling  solution  of  caustic 
potash,  and  hardens  into  a  mortar  with  lune  and  water.  These  striking  differences  seem  to 
arise  from  opal  being  amorphous,  while  quartz  is  crystalline  silica.  Opal  also  contains  com- 
bined water,  which,  being  driven  off  by  heat,  leaves  the  silica  nearly  as  soluble  in  potash  as  it 
was  before.  There  are  many  phenomena  pertaining  to  arsenious  acid,  which  seem  to  show 
that  the  atoms  are  sometimes  in  the  amorphous,  and  at  other  times  in  the  crystalline  order. 
Sugar  and  barley-sugar  afford  other  examples. 

AMPJCRE'S  RULE.  Under  this  name  is  known  a  rule  which  Ampere  has  given,  by  which 
the  direction  of  deflection  of  a  magnetic  needle,  under  the  influence  of  a  current  passing  in  its 
vicinity,  may  be  determined  or  remembered.  (See  EUctro-dynamia.)  The  following  is  the  rule: — 
'^  Imagine  an  observer  placed  in  the  wire  which  conducts  the  current,  so  that  the  current  shall 
pass  through  him,  from  lus  feet  to  his  head  ;  and  let  him  turn  his  face  toward  the  needle ;  the 
north  pole  is  always  deflected  to  his  left  side."  The  law  may  be  verified  by  comparison  with 
the  following  table,  showing  the  direction  of  the  current,  and  the  effect  of  it  upon  the  needle: — 
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AMPERE'S  THEORY  OF  MAGNETISM.  Led  by  the  leaemblance  bet^reen  the  action 
of  magnets  upon  each  other  and  npon  currents,  and  the  mutual  action  of  solenoidB,  Ampere 
proposed  a  theory  of  magnetism,  according  to  which  all  magnetic  phenomena  are  brought 
under  the  laws  of  electro-dynamics.  He  supposes  closed  electric  cunents  to  circulate  around 
the  elementary  molecules  of  all  magnetic  substances.  In  the  unmagnetised  condition  of  the 
body  these  currents  flow  in  all  directions  with  respect  to  each  other,  and  to  the  mass  of  matter ; 
but  when  the  body  is  magnetised,  they  are  all  turned  round  in  such  a  way  that  the  planes  in 
which  they  flow  are  parallel  to  eiich  other,  and  perpendicular  to  the  line  joining  the  poles  of  the 
magnet.  Further,  he  supposes  the  currents  to  circulate  in  the  direction  of  the  hands  of  a  watch 
to  an  observer  looking  from  south  to  north.  A  little  consideration  will  show  that  the  effect  of 
the  currents  passing  round  a  molecule  in  the  interior  of  the  magnet  upon  external  bodies  is  null, 
it  being  neutralised  by  the  effects  of  the  current's  circulating  about  the  molecules  which  sur- 
round it ;  but  at  the  exterior  of  the  magnet  there  will  be  a  general  resultant,  oonsiBting  of 
parallel  currents  circulating  round  the  magnet,  and  these  will  give  rise  to  attraction  and  repul- 
sion precisely  as  do  the  currents  in  a  solenoid.    (See  Bleetro-dynamiea;  Solenoid.) 

AMPHI1>  SALT.    See  Ifaloid, 

AMPLITUDE.  In  astronomy,  the  distance  of  a  celestial  object  at  rising  or  setting  from 
the  east  or  west  points  of  the  horizon  respectively. 

AMPLITUDE  OF  VIBRATION.  {AmplUudo  (amplus),  extent.)  In  sound,  the  amplitude 
of  the  vibration  of  a  point  on  a  sonorous  body  is  the  greatest  distance  between  two  positions  of 
the  point.  Thus,  if  a  horizontal  string  vibrate  in  a  vertical  plane  without  the  formation  of 
nodes  (see  Node»\  all  the  points  of  the  string  will  travel  upwards  and  downwards  together.  The 
amplitude  of  each  particle's  vibration  is  the  distance  from  its  highest  to  its  lowest  position.  It 
is  clear  that  the  central  point  of  the  string  will  traverse  the  longest  path  (the  amplitude  of  its 
vibration  will  be  the  greatest),  and  that  this  path  will  be  a  straight  line.  The  paths  of  each 
pair  of  points  on  each  side  of  the  central  point  will  be  equal  and  similar,  but  less  than  that  of 
the  central  one.  But  little  error  is  involved  in  considering  the  string  to  have  the  shape  of  a 
circular  arc  in  all  its  positions,  the  radius  of  the  circle  increasing  as  the  string  approaches  the 
straight  line  (its  original  position),  when  the  radius  of  its  curvature  is  infinite.  Each  point 
may  also  be  assumed  to  have  a  stnught  path  when  the  vibration  is  not  great  in  comparison  with 
the  length  of  the  string.  Compared  with  surface  waves  (see  Waves  in  liquids)^  or  undulations, 
the  vibration  of  a  string  presents  this  difference.  In  the  liquid,  all  the  particles  of  the  surface 
enjoy  in  succession  the  same  amount  of  **  excursion,"  the  amplitude  of  the  motion  of  each  is  the 
same  ;  this  is,  as  we  have  just  seen,  not  the  case  with  the  vibrating  string. 

The  amplitude  of  the  motion  of  a  particle  of  the  medium  through  which  a  sonorous  wave 
passes,  is,  in  like  manner,  the  distance  between  its  extreme  positions — ^that  is,  the  point  which 
it  occupies  when  its  immediate  neighbours  and  itself  are  in  a  state  of  maximum  compression, 
and  when  they  are  again  in  the  state  of  maximum  condensation.  (See  Propagation  of  Sound,) 
For  as  the  sonorous  wave  passes  along,  each  particle  of  the  medium  oscillates  backwards  and 
forwards,  and  if  the  points  of  the  sonorous  body  vibrate  in  straight  lines,  which  is  not  always 
the  case  (see  Colour  of  Sound)y  so  also  will  the  particles  of  the  medium.  Whatever  be  the 
actual  shape  of  the  path  described  by  a  partide,  the  amplitude  of  its  vibration  ia  considered  as 
the  distance  between  its  extreme  positions,  whether  the  body  be  a  sonorous  arc  or  a  vibrating 
medium. 

AMYGDALIN.  The  crystalline  principle  of  bitter  almonds,  laurel  leaves,  ftc.  It  forms 
white  scales  of  a  pearly  lustre  very  soluble  in  water ;  its  composition  is  C^qH^N  0^.  3  H,0. 
It  ia  the  source  of  bitter-almond  oil  and  hydrocyanic  acid,  into  which  and  glucose  it  splits 
under  the  influence  of  emulsin,  a  ferment  which  exuts  with  it  in  the  plant,  and  commences  to 
act  when  made  into  a  paste  with  water. 

AMYL.  (dftvXoyf  starch.)  A  colourless  liquid  hydrocarbon,  isolated  by  Frankland  in  1849. 
Its  formula  is  C5H11 ;  boiling  point,  311°  F.  (155°  C.);  vapour  density,  4*90 ;  specific  gravity 
at  32**  F.  0*7413.  Amyl  exists  in  an  impure  state  in  potato  fousel  oil,  and  is  also  formed  during 
the  destructive  distillation  of  coaL 

ANALOGOUS  POLE.  A  term  used  in  describing  the  phenomena  of  pyro-electricity. 
Certain  crystals  while  being  heated  exhibit  electric  polarity,  one  end  assuming  the  positive 
state,  and  the  other  the  negative.  While  cooling,  the  polarity  changes,  the  end  which  during 
the  heating  became  positive  now  becoming  negative,  and  vice  ver$a,  (See  Pyro-dectricUy.)  The 
end  which  becomes  positive  as  the  temperature  increases,  and  negative  while  it  decreases,  is 
called  the  analogcut  pole ;  the  end  whidi  becomes  negative  while  the  temperature  increases, 
and  positive  while  it  decreases,  is  the  aiUUogouM  pole.  The  names  are,  however,  but  little 
used. 

ANALYSER.    The  Niool  prism,  slice  of  tourmaline,  or  crystal  of  hen^thite,  which  is  placed 
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next  the  eye  in  a  polanBcope,  and  serres  to  analyse  the  beam  which  has  passed  through  the 
polarjaer  and  doubly  refracting  substance.    (See  PclarUcope;  Polariaer ;  Polarised  Light,) 

ANALYSIS,  CHEMICAL.  (&m,  back  or  up  ;  Xv^cr,  a  loosening  or  releasing.)  Chemical 
amdysis  is  the  resolving  of  a  compound  body  into  its  constituent  parts,  whether  it  be  merely  the 
purpose  of  discovering  what  the  constituents  of  it  are,  in  which  case  it  is  called  qualitative 
analysis,  or  for  the  puipoee  of  determining  also  in  what  proportion  they  occur,  when  it  is  called 
quantitaiive  Koaljms,  The  description,  even  in  the  briefest  possible  manner,  of  the  method  of 
performing  analyses  would  be,  of  course,  far  beyond  our  limits.  All  that  we  can  do  here  is  to 
give  the  most  general  statement  of  the  objects  of  analysis,  and  an  indication  of  what  means  are 
adopted  for  the  fulfilling  of  these  objects,  and  to  mention  the  sources  from  which  the  reader 
may,  as  far  as  books  are  concerned,  obtain  detailed  information.  The  actual  performance  of 
analysis  requires  considerable  chemical  knowledge,  especially  minute  knowledge  of  certain 
properties  of  bodies,  their  forms,  their  behaviour  in  presence  of  certain  other  bodies,  their 
solubility,  both  absolute  and  relative  in  various  Uquida,  their  comportment  in  presence  of  beat 
and  flame,  and  so  forth ;  and  besides  this  skill  in  manipulation,  in  the  application  of  tests,  or 
r&ngentSf  as  they  are  called,  and  very  frequently  in  fitting  up  apparatus.  If  the  analysis  be  of 
any  bat  the  most  simple  and  straightforward  kind,  a  skill  that  can  only  be  gained  by  considerable 
laboratory  practice  will  be  absolutely  necessary  for  its  accomplishment.  The  reader  will  find 
information  regarding  the  methods  employed  in  Faraday's  Chemical  Manipulation  and  in  the 
text-books  to  be  mentioned  immediately. 

There  are  various  objects  with  which  an  analysis  may  be  undertaken,  and  there  are  therefore 
various  ways  in  which  it  may  be  accomplished.  For  example,  in  one  case  it  may  be  necessary 
with  regard  to  a  given  specimen  to  name  every  constituent  that  occurs  in  it,  as  in  the  analysis 
of  an  unknown  mineral ;  in  another,  the  question  may  simply  be,  Is  a  certain  body  here,  or  is  it 
not  ?  which  frequently  happens  in  cases  of  medical  diemistry.  Then  there  is  mineral  analysis, 
and  the  analysis  of  commercial  products,  there  is  the  examination  of  water  and  the  like,  and 
there  is  the  analysis  of  organic  bodies,  which  may  itself  be  divided  into  an  enormous  number  of 
different  kinds,  and  it  is  the  business  of  the  imalyst  to  understand  the  various  methods,  and 
to  a{>ply  one  or  more  which  shall  accomplish  his  object  wiUi  a  degree  of  accuracy  depend- 
ing upon  the  importance  of  the  inquiry,  and  with  a  proper  regard  to  the  time  at  his 
disposaL 

When  the  problem  is  one  belonging  to  qualitative  analysis,  it  is  generally  solved  in  one  of  two 
ways,  or  by  a  combination  of  the  two.  It  is  well  known  that  heat  and  especially  flame,  produce 
very  remarkable  changes  in  the  appearance  and  properties  of  many  bodies ;  these  changes 
are  very  definite  and  depend  only  on  the  nature  of  the  flame  and  of  the  substance  to  which  it  is 
applied,  and  a  knowledge  of  this,  and  the  application  of  the  **  flame  tests,"  as  they  are  called,  very 
often  gives  with  great  rapidity  the  knowledge  required.  The  other  principal  way  may  roughly  be 
said  to  be  that  of  the  application  of  liquid  tests.  The  body  is  by  some  means  got  into  solution  in 
some  known  liquid,  and  then  other  Ixqtdds  called  tests  or  re-agents  are  added  to  the  solution  thus 
made.  The  mixing  together  of  these  liquids  is  intended  to  produce  a  precipitation  of  a  solid  sub- 
stance in  the  liquid,  a  change  of  colour,  an  effervescence  of  gas  or  some  other  phenomenon  which 
can  readily  be  detected  by  sight,  smell,  or  taste ;  and  the  comparison  of  the  result  with  what  we 
should  expect  from  previous  knowledge  to  take  place  if  some  supposed  body  were  present, 
indicate  to  us  whether  it  is  so  or  not.  Of  these  methods  there  are,  as  we  have  said,  numberless 
variations ;  in  fact,  they  are  altered  more  or  less  with  every  fresh  case.  Very  great  help  is  now 
derived  in  qualitative  analysis,  particularly  in  difficult  cases,  or  cases  where  a  minute  trace  of  a 
body  is  to  be  detected,  by  the  use  of  the  spectroscope.  By  means  of  it  very  remarkable  dis- 
coveries have  lately  been  made,  and  the  advantage  of  its  aid  is  being  felt  daily  more  and  more. 
(See  Spectroscope;  Spectrum  Analysis.) 

In  quantitative  analysis,  where  the  object  is  not  only  to  know  what  bodies  are  present,  but  to 
know  the  proportions  in  which  they  are  associated,  two  great  methods  are  adopted,  which  are 
known  by  the  names  of  analysis  by  weight ;  and  volumetric  analysis.  The  general  principle  of 
the  first  is  to  oombine  the  elements  one  after  another  by  precipitation  with  some  other  elements 
or  groups,  and  thus  to  form  insoluble  compounds.  These  precipitates  are  collected  and  weighed, 
and  by  calculation  from  the  results  obtained  it  is  easy  to  deduce  the  numbers  required.  (See 
Affinity;  Atomic  Wdykt.)  The  other  method  is  frequently  used  when  it  is  only  required 
to  know  the  quantity  of  some  one  body  present  in  the  known  weight  of  a  given  specimen.  It 
wiU  perhaps  be  best  understood  by  an  example.  Suppose  it  were  required  to  find  the  quantity 
of  alkali  in  loo  grains  of  a  rough  commercial  product.    A  solution  of  it  is  made,  and  a  small 

Suantity  of  litmus,  which  is  blue  in  presence  of  free  alkali,  but  red  in  presence  of  free  acid  (see 
,itmtui)f  is  added.    A  solution  of  acid  is  then  made  of  standard  strength,  as  it  is  called,  that  is, 
a  solution  containing  in  every  cubic  inch  a  certain  known  quantity  of  acid,  and  this  is  gradually 
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mixed  with  the  solution  to  be  tested.  The  acid  combines  with  the  alkali  and  forms  a  salt,  and 
the  greater  the  quantity  of  alkali  present  the  greater  the  quantity  of  the  acid  solution  required 
in  Older  to  satisfy  it.  As  long  as  there  is  an  excess  of  alkali  the  litmus  remains  blue  ;  but  tho 
moment  the  add  predominates  the  litmus  turns  red,  and  by  noting  the  quantity  of  standard  acid 
solution  added,  the  amount  of  alkali  in  the  lOO  grains  of  the  given  compound  is  readily 
calculated.    Volumetric  analysis  is  carried  on  by  means  of  such  processes  as  that  described. 

For  further  information  we  refer  our  readers  to  Fresenius's  Handbooks  of  Analysis,  Qualita- 
tive and  Quantitative,  to  Miller's  Elements  of  Chemistry,  Watt's  Dictionary  of  Chemistry,  and 
for  details  of  special  processes  on  this  vast  subject,  we  can  do  no  more  than  suggest  the  Journal 
of  the  Chemical  Society. 

ANALYSIS,  SPECTRUM.    See  Spectrum  AnalyM, 

ANAMORPHOSES,  (ai^,  again,  and  fiofxptaatif  a  form.)  A  distorted  drawing  which  appears 
at  first  sight  confused  and  unintelligible,  but  which  from  the  proper  point  of  view  appears 
correctly  drawn. 

ANATASE.    See  Titanium,  Dioxide, 

ANDROMEDA  One  of  Ptol^ny's  northern  constellations.  It  is  represented  in  the  maps 
under  the  figure  of  a  woman  chained  by  the  hands  and  feet.  This  constellation  includes  several 
remarkable  objects,  amongst  which  may  be  mentioned  specially  the  triple  star  Ganmia  Andro> 
medae,  and  the  wonderful  nebula  31  Messier,  compared  by  its  discoverer,  Simon  Mayer,  to  the 
light  of  a  horn  lantern.  This  nebula  is  chiefly  remarkable  for  its  great  size  and  brightness,  and 
the  great  difficulty  which  astronomers  have  exx)erienoed  in  resolving  it  into  discrete  points  of 
light.  It  has  been  so  resolved,  however,  and  Mr.  Huggins  has  discovered  that  the  spectrum  of 
the  nebula  resembles  that  of  the  fixed  stars,  but  with  a  somewhat  sudden  diminution  of  light 
towards  the  red  extremity. 

ANEMOMETER,  {dpcftos,  wind,  and  /tirpop,  measure.)  An  instmment  for  measuring  the 
Telocity  or  force  of  the  wind. 

Robinson's  Anemometer,  called  also  the  ffemiapherical^eup  Anemcmeter,  is  one  of  the  best  for 
measuiing  the  velocity  of  the  wind.  Four  hemispherical  cups  are  affixed  to  the  ends  of  two 
horizontal  cross-rods,  forming  a  square  cross.  The  cross-rods  are  supported  in  a  horizontal 
position  on  a  vertical  axis,  about  which  they  can  turn  freely.  The  cups  being  so  attached  that 
the  circular  rim  of  each  is  in  a  vertical  plane  through  the  supporting  pole,  and  the  convexity  of 
each  towards  the  concavity  of  the  next,  it  is  clear  that  in  whatever  direction  the  wind  may  be 
blowing  horizontally,  the  cups  will  *'  catch  the  wind "  and  the  cross-rods  rotate.  An  endless 
screw  on  the  vertical  rod  communicates  motion  to  a  series  of  index-wheels,  and  thus  the  number 
of  miles  traversed  by  the  wind  in  any  given  time  can  readily  be  noted.  The  instrument  is 
tested  by  being  conveyed  at  considerable  speed  for  a  given  distance  and  back  again,  on  a  calm 
day,  its  indications  being  compared  with  the  distance  actually  traversed. 

By  suitable  contrivances  this  instrument  may  be  made  to  indicate  the  varying  velocity  of  the 
wind,  as  well  as  the  average  velocity  in  a  given  time ;  but  the  machinery  for  the  purpose  is 
complicated  and  expulsive. 

Land's  Anemometer  is  intended  to  indicate  the  actual  pressure  exerted  by  the  wind  on  a 
surface  of  given  size.  A  tube  bent  into  the  form  of  the  le^r  U  is  placed  with  both  legs  vertical 
and  the  bent  part  of  the  tube  downwards  ;  one  leg,  which  reaches  higher  than  the  other  is  bent 
near  the  top,  at  a  right  angle.  The  whole  instrament  is  half  filled  with  water,  and  being  so 
suspended  as  to  turn  freely  on  a  horizontal  axis,  a  vane  attached  to  the  tube  causes  it  always  to 
turn  the  open  end  of  the  bent  leg  in  the  direction  from  which  the  wind  is  blowing.  Thus  the 
wind  blows  into  the  bent  tube,  and  by  its  pressure  on  the  surface  of  the  water  within  the 
instrument,  causes  the  level  to  fall  in  the  bent  tube  and  to  rise  proportionately  in  the  other.  A 
scale  attached  to  the  unbent  tube  indicates  the  di£ference  between  the  two  levels,  or,  in  other 
words,  the  height  of  a  c<damn  of  water  capable  of  counterpoising  the  pressure  of  the 
wind. 

This  instrument  may  also  be  used  to  indicate  the  maximum  preasure  of  the  wind  during  any 
interval,  by  using  instead  of  water  a  chemical  solution  capable  of  colouring  pieces  of  paper 
attached  at  different  levels  within  the  unbent  tube. 

Whewell  and  Casella  have  also  devised  instruments  for  registering  the  direction  and  velocity 
of  the  wind. 

ANEMOMETRY.   The  art  of  measuring  the  force  or  velocity  of  the  wind.   (See  Anenunneter. ) 

ANEMOSCOPE,  (dye/uof,  wind,  and  ffKor^w,  to  view.)  An  instrument  for  indicating  the 
(direction  of  the  wind.  An  ordinary  vane  is  an  anemoscope ;  but  the  term  is  commonly  limited 
to  appliances  by  which  the  direction  of  the  wind  is  indicated  to  an  observer  placed  where  the 
wind  is  not  felt. 

ANEROID  BAROMETER.    See  Sanmeter,  AnerM, 
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ANGELINA.  An  asteroid  diBcovered  by  M.  Tempel,  at  ManeillcB,  on  March  4th,  lS6i. 
The  name  refers  to  the  astronomical  station  at  Notre  Dame  des  Anges,  near  ^larseilles. 

ANGLE  OF  LEAST  DEVLA^TION.  If  a  ray  of  homogeneous  light  is  allowed  to  pam 
through  a  prism  it  will  be  bent  from  its  straight  path.  By  gently  rotating  the  prism  on  its  axis 
the  emergent  beam  will  be  found  to  be  bent  in  different  degrees  from  its  original  path.  The 
position  of  the  prism  when  the  beam  is  least  bent  from  a  straight  path  is  called  the  position  of 
feast  deviation,  and  the  angle  fonned  by  it  with  the  incident  ray  of  light  is  called  the  angle  of 
least  deviation.     (See  Pritm;  Speetrotcope.) 

ANGLE  OF  POLARISATION.    See  PdlarUing  Angle. 

ANGLE  OF  REPOSE.  The  greatest  angle  with  the  horizontal  at  which  a  given  inclined 
plane  can  support  a  given  body  at  rest ;  called  also  limiting  angle  of  resistance.  (See  Jnelined 
Plane;  Friction.) 

ANGLESITE.    See  Sulphatet ;  Lead. 

ANGULAR  VELOCITY.  The  angular  velocity  of  one  body  about  another  is  the  rate 
at  which  a  line,  continually  drawn  from  the  former  to  the  latter,  shifts  its  direction  in 
space. 

ANHYDRIDES,  (a,  without;  HSup,  water.)  Chemical  compounds,  when  they  are  free 
from  water,  are  said  to  be  anhydrous,  and  are  often  spoken  of  as  anhydrides.  Thus  H^04  is 
the  composition  of  sulphuric  acid  ;  by  removing  the  elements  of  water,  H^O,  we  obtain  SO^, 
which  is  sulphuric  anhydride.  There  are  also  organic  anhydrides,  such  as  benzoic  anhydride, 
and  ethionic  anhydride.  Salts,  when  free  from  their  water  of  crystallisation,  are  termed 
anhydrous  talis,  as  opposed  to  hydrated  salts. 

ANHYDRITE.     ^eSvlphaies;  Calcium, 

ANHYDROUS  SALTS.    See  Anhydrida. 

ANILINE.  A  transparent  colourless  oily  liquid,  having  a  somewhat  pleasant  odour  and 
aromatic  burning  taste ;  it  is  slightly  soluble  in  water,  forming  a  faintly  alkaline  solution ;  it  is 
miscible  in  all  proportions  with  alcohol,  ether,  sulphide  of  carbon,  and  fixed  and  volatile  oils ; 
its  specific  gravity  is  I '02 ;  it  boils  at  182"  0.  {360**  F.) ;  it  is  inflammable,  burning  with  a  bright 
smoky  flame ;  its  formula  is  C^HjN ;  it  has  been  described  in  chemical  works  under  the  names 
of  Phenylamine,  Crystalline,  Kyanol,  Benzidam,  and  Phenamide.  Aniline  is  supposed  to  be 
derived  from  ammonia  (NH3),  by  the  replacement  of  one  of  the  hydrogen  atoms  by  phenyl 
C.Hq.  It  is,  therefore,  a  phenyl  monamine,  and  may  be  called  monophenylamine.  Aniline, 
which  a  few  years  ago  was  a  substance  of  scientific  interest  only,  is  now  prepared  by  hundreds  of 
tons  for  the  manufacture  of  its  coloured  derivatives,  known  as  the  aniline  dyes.  These  will  be 
described  under  their  chemical  names  in  the  following  paragraphs.  Aniline  is  a  powerful  base 
and  saturates  acids,  forming  salts ;  which  are  generally  highly  crystalline.  Amongst  its  salts  may 
be  mentioned — ffydrochlorate  of  Aniline,  very  soluble  ne^le-shaped  crystals ;  Nitrate  of  AnUine 
crystallising  in  concentric  needles  ;  Oxalate  of  Aniline^  which  crystallises  in  stellate  groups  of 
oblique  prisms,  which  are  only  slightly  soluble  in  cold  water. 

The  substitution  derivatives  of  aniline  are  of  the  highest  complexity,  owin^  to  its  con- 
taining so  many  atoms  which  may  be  replaced  by  other  bodies.  It  would  require  an  elaborate 
treatise  on  ox^anic  chemistry  to  render  the  formation  of  these  compounds  sufficiently  intelli- 
gible ;  we  shall,  therefore,  simply  select  the  most  important  of  them,  without  attempting  to 
enter  into  details  respecting  their  relationships. 

Mauvine.  This  is  a  nearly  black  crystalline  body.  It  is  an  organic  base,  having  the  composi- 
tion CfjlS^Jl^^ ;  it  unites  with  acids,  forming  salts,  which  constitute  the  well-known  amline 
purple  or  mauve.  The  substance  originally  prepared  by  Perkin  is  tibe  sulphate  of  this  base ;  it 
forms  small  crystals  having  a  strong  green  metallic  lustre,  dissolving  in  water  forming  a  purple 
solution,  and  having  intense  tinctorial  powers. 

jRotaniline,  or  Aniline  Red,  known  also  as  roseine,  fuchsine,  azaleine,  magenta,  Ac.  An 
organic  base  crystallising  in  white  needles,  capable  of  uniting  with  adds  to  form  salts.  These 
salts  form  the  colouring  matter  of  commerce.  The  formula  of  rosaniline  is  CsoHi^Nj.  The 
acetate  of  rosaniline  separates  in  magnificent  crystals,  sometimes  an  inch  in  diameter,  and  pos- 
sessing a  brilliant  green  metallic  lustre  ;  they  are  very  soluble  in  water,  and  form  a  deep  red 
solution.  Hydrochlorate  of  rosaniline  crystallises  in  large  rhombic  plates,  slightly  soluble  in 
water.  The  nitrate  crystaUises  in  needles.  The  salts  usually  met  with  in  conmierce  for  dyeing 
purposes  are  the  acetate,  hvdrochlorate,  and  nitrate.  Silk  and  wool  dipped  into  aqueous 
solutions  of  either  of  these  salts  withdraw  them  from  solution,  and  become  dyed  of  a  beautiful 
rose-red  colour.  Cotton,  on  the  other  hand,  does  not  withraw  this  colouring  mater,  but  must 
be  first  treated  with  a  mordant  of  some  animal  substanee,  such  as  albumen. 

Tri-etkylrosaniline  (0^lii^{Cfi^^^.  This  is  formed  by  replacing  three  of  the  atoms  of 
hydrogen  in  rosaniUne  by  the  same  number  of  atoms  of  the  radical  ethyl.    Its  salts  are  of  a 


ANI 


81 


ANI 


rich  violet  coloiir,  and  are  used  as  a  dye  for  silk  and  wool,  being  known  in  commerce  as  Hof- 
mann's  violet,  after  the  discoverer. 

TriphtnylroaanUine  (CfQ'H.iQ{C^'H.^^^).  This  base  is  formed  in  a  similar  manner  to  the 
one  last  described,  the  radical  phenyl  being  substituted  for  ethyL  The  salts  of  this  base  are 
blue ;  diphenyl-rosaniUne  giving  bluish  violet  salts,  and  monophenyl-rosaniline  giving  violet 
salts.  By  introducing  the  radical  tolyl  (by  employing  an  aniline  containing  toluidine) 
mono-  di-  and  tri-  tolyl-rosanilines  are  obtained,  which  resemble  in  colour  the  corresponding 
phenyl  compoimds.  The  pure  salts  of  triphenyl-rosaniline  are  known  in  commerce  as  night 
blue,  or  bleu  lumUre.  Triphenyl-rosaniline  forms  a  conjugate  acid  with  sulphuric  acid,  which  is 
very  soluble  even  in  cold  water :  this  is  known  in  commerce  as  soluble  blue.  When  it  is  remem- 
bered that  several  atoms  of  hydrogen  in  rosaniline  can  each  be  replaced  by  methyl,  ethyl,  amyl, 
phenyl,  tolyl,  and  a  hundred  other  similar  radicals,  and  that  each  of  the  resulting  compounds 
possesses  tinctorial  powers,  it  will  be  readily  understood  that  the  aniline  dyes  of  this  class 
are  almost  as  numerous  as  the  experimentalists  who  have  worked  on  the  subject.  Moreover, 
as  the  technical  processes  of  making  these  dyes  were  found  out  usually  long  before  the  sdentifio 
explanation,  or  chemical  formula,  of  the  colouring  matter  wan  established,  it  will  scarcely  be 
wondered  at  that  litigation  has  been  so  frequently  associated  with  this  branch  of  industry. 

Aniline  Green  is  another  colouring  matter  produced;from  the  substitution  action  on  rosaniline. 
There  are  several  anilme  greens,  but  their  chemical  composition  has  not  yet  been  definitely 
settled. 

ChrysanUine  (CsoHi^Ng).  This  is  an  amorphous  yellow  substance,  abnost  insoluble  in  water, 
but  readily  soluble  in  alcohol,  forming  a  rich  orange  solution,  which  dyes  silk  and  wool  of 
a  splendid  golden  yeUow  colour.  Chrysaniline  is  a  weak  base,  forming  crystalline  salts  with 
acids.  Besides  these  dyes  of  well-defined  composition,  others  have  been  prepared  of  a  black, 
brown,  primrose,  orange,  and  other  colours,  but  their  chemical  history  not  having  yet  been 
satisfactorily  maide  out,  their  description  belongs  more  to  the  domain  of  technology  tiian  to  that 
of  pure  science. 

ANIMAL  HEAT.  The  human  body  possesses  an  invariable  temperature  of  about  <)%'&*  F., 
although  the  surrounding  atmosphere  may  have  a  far  lower  temperature.  Thus  the  tempera- 
ture of  the  blood  of  a  Greenlander  is  practically  the  same  as  that  of  an  inhabitant  of  Ecuador 
or  India.  There  is  an  internal  source  of  heat  in  all  organised  beings,  and  it  is  due  to  chemical 
action,  in  the  form  of  oxidation.  The  various  products  of  food  are  oxidised  in  the  lungs,  the 
carbon  becomes  carbonic  acid  gas.  the  hydrogen  becomes  water,  and  the  heat  produced  by  the 
chemical  combination — that  is,  by  the  clashing  together  of  the  combining  molecules — serves  to 
keep  the  blood  at  an  uniform  temperature.  The  lungs  have  been  often  called  the  furnace  of 
the  body,  while  the  carbon  and  other  oxidisable  constituents  of  venous  blood  are  the  fuel,  and 
the  inspired  air  yields  the  oxygen  necessary  for  the  combustion.  The  inhabitants  of  cold 
countries  consume  a  far  larger  quantity  of  carbonaceous  food  than  those  of  more  southern 
climes,  because  they  require  a  larger  amount  of  heat  to  preserve  their  blood  at  a  temperature  of 
98*6**  R,  and  hence  a  larger  amount  of  bodily  fuel.  (See  JUepircUion.)  In  certain  diseases  the 
temperature  of  the  blood  exceeds  gS'6%  but  even  in  very  severe  cases  of  fever  the  excess  is  not 
more  than  3-6"  F. 

Birds  possess  the  highest  temperature,  and,  as  we  should  expect,  they  also  evolve  a  far  larger 
amount  of  carbonic  acid  in  a  given  volume  of  expired  air  than  other  animals.  The  blood  of 
mammalia  comes  next  in  order  as  regards  temperature,  then  that  of  amphibia,  fishes,  and  in- 
sects ;  while  Crustacea  and  worms  possess  the  lowest  temperature  of  all,  as  may  be  seen  from 
the  following  table : — 


Temferatube  of  the  Blood  of  Various  Animals. 


Name. 

Chicken, 
Pigeon, 
Sparrow, 
Jackdaw, 
Hog,      . 
Sheep,    . 
Monkey, 
Elk,       . 
Ox, 
Cat, 
Bat, 
Jackal,  • 


Temperature  of 
the  air. 

77°  F. 

78 
80 

85 

75 
78 
86 

1^ 

79 
80 

84 


Temperature  of 
the  blood. 
lii**F. 
1095 
108 
107 
105 
I04S 
104-5 
103 
102 
102 
102 

lOI 
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Temperature  of 

Temperature  of 

XIMHIO. 

the  air. 

the  blood. 

Bat, 

82"  F. 

100*' F. 

Porpoise, 

72 

100 

Elephant, 

80 

99*5 

Horse,  . 

80 

99*5 

Man, 

79 

986 

Serpents, 

81  s 

88-5 

Tcstudo  midas, 

79*5 

840 

Oyster,  . 

82 

82 

Crayfish, 

80 

79 

Shark,    . 

7175 

77 

Snail,     . 

76-25 

76 

Glowworm, 

73 

74 
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The  temperatare  of  the  blood  if  usually  determined  by  placing  a  veiy  delicaie  and  Benaitive 
thermometer  under  the  tongue. 

M.  Radau  (La  Chaleur,  p.  98),  in  ipeaking  of  the  disengagement  of  heat  by  plants,  aajs, 
**  Dans  nne  jeune  tige,  dans  les  radnes,  les  bourgeons,  les  Eeurs,  les  fruits,  des  combinaisona 
chimiques  ont  lieu,  qui  ont  pour  effet  le  d^veloppement  des  organes ;  oes  oombinaisons  na  aont 

SA  trSs-^nergiques,  mais  eUes  sont  n^anmoins  accompagn^  d'un  faible  d^gagement  de  chaleur. " 
e  instances  the  fact  that  the  spathe  of  the  common  arum  at  the  time  of  flowering  posseasea  a 
temperature  of  7°  C.  (12*6''  F.)  above  that  of  the  surrounding  air ;  while,  in  the  Isle  of  France, 
the  arum  cordifolium  has  an  excess  of  temperature  of  30**  G.  (54°  F.),  which  may  be  readily 
shown  by  placing  a  thermometer  in  the  centre  of  the  flower. 

ANIMAL  NUTRITION.     The  animal  body  may  be  regarded  as  a  machine  which  has  to 
perform  certain  work,  including  voluntary  movement  of4the  limbs;  involuntary  movement,  sneh 
as  that  of  the  heart  and  lungs  and  the  circulation  of  the  blood ;  brain  work,  either  anixnal  or 
intellectual ;  besides  which  the  temperature  has  to  withstand  a  constant  drain  upon  it  from 
radiation  and  evaporation.    In  addition  to  all  this,  the  natural  wear  and  tear  of  the  body,  the 
growth  of  certain  parts,  and  (up  to  maturity)  the  increase  of  bulk  of  all  portions  have  to  be  sap- 
plied.    In  order  to  supply  this  constant  drain  upon  its  resources,  a  constant  influx  of  .material 
is  necessary  in  the  form  of  food.    If  this  is  appropriate,  a  considerable  amount  of  the  available 
force  which  it  represents  is  made  use  of ;  but  if  inappropriate,  there  is  waste  of  material  and 
also  loss  of  power  in  getting  rid  of  the  useless  material.    Many  circumstances  should  be  con- 
sidered in  viewing  the  subject  of  animal  nutrition  in  its  complete  form.    Thus  the  income 
represented  by  food  goes  through  certain  chemical  changes,  and  the  expenditure  assumes  certain 
forms.    Part  goes  off  as  heat,  muscular  movement,  bnin  force,  and  growth ;  whilst  another 
portion  is  occupied  in  doing  the  chemical  work  required  to  convert  the  dead  food  into  living 
tissue.   In  the  present  article  it  is  proposed  only  to  consider  the  chemical  work  performed.  The 
animal  body  is  not  capable  of  assimilating  mineral  matter  direct ;  this  work  has  to  be  dcme  by 
the  vegetable  world ;  and  when  it  has  been  vitalised  in  this  manner,  the  animal  can  take  it  and 
raise  it  a  step  higher  in  the  scale.    If  an  animal  eat  vegetable  food,  it  has  to  perform  the  work 
of  raising  the  vegetable  matter  to  its  own  level ;  but  if  animal  food  be  eaten,  this  work  is 
already  done,  and  it  only  requires  assimilation.     Food  nearly  always  consists  of  the  elements 
carbon,  oxygen,  hydrogen,  and  nitrogen,  and  also  certain  mineral  iugredients,  phosphorus,  sul- 
phur, chlorine,  fluorine,  potassium,  sodium,  calcium,  iron,  sUicon.    The  available  force  of  the  body, 
in  whatever  form  it  appears,  ia  produced  by  the  union  of  some  of  these  substances  with  oxygen, 
and  it  is  necessary  that  they  are  presented  in  such  a  form  as  to  be  easily  assimilated  or  digested. 
There  are  several  classes  of  food,  all  of  which  should  be  present  in  a  normal  diet, — ^these  are,  i, 
albuminous,  protein,  and  other  compounds  containing  nitrogen ;  2,  fatty  matters,  consisting 
chiefly  of  hydrocarbons ;  3,  carbohydrates,  such  as  starch  and  sugar ;  4,  water  and  mineral  con- 
stitnents.    It  was  for  a  long  time  thought  that  the  first  dass  serve  to  repair  waste  and  to  assist 
growth,  whilst  the  fatty  matters  and  carbohydrates  serve  to  supply  animal  heat ;  but  recent 
researches  have  proved  that  this  is  a  fallacy,  and  that  some  of  the  muscular  force  and  heat  is 
derived  from  the  oxidation  of  the  nitrogenous  matter,  although  its  chief  function  is  to  repair 
tissue.    The  function  of  the  fatty  portion  of  food  is  principally  to  supply  heat ;  it  also  serves 
important  functions  in  the  processes  of  digestion,  assimilation,  and  nutrition.    The  digestive 
power  of  fat  is  considerable,  and  it  is  no  less  active  in  the  conversion  of  the  nutrient  constitoents 
of  food  into  the  solid  substrata  of  organs.    Fat  is  also  the  form  in  which  surplus  food,  if  assimil-, 
able,  is  stored  up  in  the  body  as  a  reserve  ;  it  accumulates  round  certain  organs,  and  gives 
rotundity  to  the  form,  whilst  by  its  bad  conducting  power,  it  retains  animal  warmth.    The 
class  of  carbohydrates  contain  oxygen  and  hydrogen  in  the  proportion  to  form  water,  their 
carbon  alone  being  capable  of  oxidi»tion  ;  they  also  form  lactic,  butyric,  and  other  acids,  which 
appear  to  be  necessary,  and  they  are  likewise  concerned  in  the  production  of  fat.     The  mineral 
constituents  act  as  carriers,  and  in  other  ways  non-chemically.     The  first  operation  which  food 
must  undergo  in  the  body  is  digestion.     In  the  stomach  it  is  brought  into  contact  with  special 
solvents,  such  as  the  gastric  juice,  the  pancreatic  fluid,  the  bile,  &c.,  by  which  it  is  thoroughly 
deprived  of  its  Dutiltive  qualities,  which  are  carried  into  the  circulation.     Digestion,  indeed,  as 
Berzelius  remarked,  is  a  true  process  of  rinsing,  the  amount  of  fluid  secreted  into  the  alimentary 
canal,  and  again  absorbed  from  it,  beint;  not  less  than  3  gallons  daily,  the  greater  part  consist- 
ing of  the  gastric  juice,  the  active  principle  of  which  is  pcptin,  that  of  the  pancreatic  fluid  being 
called  pancreatln.     Having  been  absorbed  into  the  circulation,  a  considerable  amoimt  of  oxida- 
tion goes  forward  in  the  lungs,  by  means  of  which  organs,  air  and  blood  are  brought  into  inti- 
mate contact,  carbon  and  hydrogen  in  the  blood,  uniting  with  the  oxygen  of  the  air,  and  being 
exhaled  as  carbonic  acid  and  water,  both  of  which  are  readily  detected  in  the  breath.    Other 
products  of  oxidation  are  found  in  the  urine  and  fseces.  (iSee  Food^  Functioni  of;  Mtueular 
Power;  Urea;  Uric  acid;  Hippuricacid;  Creatinine,) 
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ANIONS  (drtiiXF,  that  whicli  goes  np),  are  salietaxioes  which,  during  dectro-chemical  (!eoozii* 
position,  go  to  the  anode.  They  are  equivalent  to  deetro-negatwe  bodies  or  sabetances  which  go 
to  the  poiiUve  pole,  aoo(»xling  to  less  strict  phraseology.  This,  and  the  name  Eathtom  (icariiiv, 
that  which  goes  down),  signifying  the  substances  which  go  to  the  Kathode,  were  given  by 
Faiaday  (Exp.  Research,  ser.  vii)^  in  order  to  get  rid  of  ^e  tenns  dectro^sitive  and  dectro- 
negative,  which  imply  a  theory.  (See  Anode,)  The  anions  are  oxygen,  chlorine,  and  bodies 
which  correspond  to  them,  indnding  the  oomponnd  bodies  called  tiie  add  radicals.  Thns 
water  is  decomposed  into  oxygen  and  hydrogen,  of  which  tiie  former  is  the  anion,  and  appears  at 
the  anode,  and  the  latter  the  kathicn,  and  is  found  at  the  kathode.  (See  KaUiion;  and  for 
further  information,  EUxiirolyte  and  EleetrolyM. ) 

ANNULAB  ECLIPSE.  An  eclipse  of  the  sun,  in  which  the  moon  is  wholly  projected  on 
the  sun's  disc,  but,  having  a  less  apparent  diameter,  a  ring  of  light  from  the  outer  parts  of  the 
son's  disc  remains  still  visible.    (See  EcUpse,) 

ANODE  (Ayctf,  upwards,  and  odbs,  a  way,  the  way  which  the  sun  rises),  is  a  tenn  made  use 
of  in  speaking  of  the  phenomena  of  electrolytic  decomposition.  It  denotes  the  suriaoe  at  whidi 
the  current,  according  to  the  common  phrasedogy,  enters  the  deetrdyte  or  body  undergoing 
decompodtion.  Oxygen,  chlorine,  and  acids  are  evolved  there.  It  is  oppodte  to  the  kathode,  or 
surface  at  which  the  current  leaves  the  electrolyte.  The  tenns  anode  and  haikode  (Kara,  down- 
wards, and  6d6f,  a  way)  were  applied  by  Faraday  (Experimental  Researches,  ser.  viL)  to 
prevent  oonf udon,  and  distinguish  these  surfaces  from  the  deeUroda  of  the  batteiy  with  whidi 
they  are  in  contact.  He  compares  the  direction  of  the  current  with  that  of  a  current  round 
the  earth  supposing  it  to  be  an  dectro-magnet,  which,  according  to  the  present  usage  of 
speech,  most  be  from  east  to  west,  or  with  the  apparent  motion  of  the  sun.  Supposing,  then, 
that  a  corrent  passes  through  the  dectrolyte  parallel  to  the  cuirent  round  the  eafth,  the  anode 
is  the  eastern,  and  the  kathode  is  the  western  suriaoe  of  it.  Thus,  whatever  dianges  may  talos 
place  in  our  ideas  of  deotrical  action,  and  of  the  direction  of  the  electric  current,  must,  he  says, 
affect  equally  both  the  hypothetical  current  round  the  earth  and  the  current  through  the 
dectrolyte ;  and  we  shall  be  saved  from  any  oonfudon  attending  sudi  a  chance.  (See  EledrO" 
lyeii  ;  ElectrUyte.) 

ANOMALISTIC.  (See  Anomaly.)  The  anomalistic  period  of  a  planet  or  satellite  is  its 
time  of  revolution  from  apse  to  apse.  If  the  line  of  apddes  were  constant  in  podtion,  the 
anomalistic  period  would  be  the  same  as  the  ddereal  period,  but  as  in  all  cases  the  line  of 
apddes  dowly  varies  in  position,  the  anomalistic  period  has  a  different  value.  For  further 
illustration  see  Year,  AnomalitHc 

ANOMALY,  (a,  not,  and  6/JMKot,  even,)  An  angle  used  for  convenience  of  calculation  in 
dealing  with  the  motion  of  a  celestial  body  in  an  elliptic  orbit.  There  are  three  kinds  of 
anomaly,  the  eccentric,  the  mean,  and  the  true.  If  a  circle  be  described  on  the  transverse  dia- 
meter of  the  ellipse  as  diameter,  and  a  perpendicular  be  drawn  to  the  transverse  axis  through  the 
place  of  the  celestial  body,  then  a  line  drawn  from  the  centre  of  the  ellipse  to  the  point  in  which 
this  perpendicular  produced  meets  the  drde,  includes  with  the  transverse  diameter  the  angle 
called  the  eccentric  anomaly,  this  angle  being  measured  from  that  part  of  the  transverse  axis 
which  passes  through  the  centre  of  attraction.  The  mean  anomaly  is  the  angle  which  the  body 
would  have  descrilwd  around  the  centre  of  the  above-named  drde,  if,  instead  of  moving  witn 
varying  velodty  in  its  elliptic  orbit,  it  had  travelled  with  its  mean  angular  velodty  around  the 
drcle.  The  true  anomaly  is  the  angular  distance  actually  traversed  by  the  body  around  the 
centre  of  attraction.  In  all  three  cases  the  body  is  supposed  to  start  from  that  extremity  of 
the  transverse  axis  which  lies  nearest  to  the  centre  of  attraction. 

ANSiE.  (AnMo,  a  handle.)  A  term  sometimes  applied  to  the  apparent  projections  formed  by 
Saturn's  rings  on  each  dde  of  the  planet. 

ANTARCTIC.  (diTap«criir6f,  opposite  to  the  arctic.)  In  astronomy  the  term  antarctic  is 
^ven  to  that  part  of  the  heavens  which  indudes  the  South  Pole.  It  is  so  named  because  it  lies 
oppodte  to  the  arctic  pole.  (See  Arctic)  The  Antarctic  drde  is  rather  a  geographical  tlum  an 
astronomical  expresdon.  But  the  position  of  this  cirde  on  the  earth  is  indicated  by  the  astron- 
omical relations,  that  within  its  limits  the  sun,  during  the  summer  solstice  of  &ie  southern 
hemisphere,  does  not  set,  while  along  this  cirde  (neglecting  refraction)  the  sun*8  centre  just 
touches  the  horizon  at  midnight,  at  the  summer  solstice  of  the  southern  hemisphere. 

ANTARES.  (Arabic.)  The  diief  star  of  the  constellation  Scorpio.  Remarkable  for  the 
dnffuhur  fulness  of  ito  ruddy  tint.    (See  Scorpio.) 

ANTHRACEN ;  or,  Faranaphthaline.  A  hydrocarbon,  obtained  from  the  heavier 
portions  of  the  tar  produced  in  the  dry  distillation  of  wood  and  ooaL  It  forms  smsJl 
colourless  plates,  which  melt  at  about  213**  C.  (415**  F.)  to  a  colourless  liqiud,  and  distils  at  a 
temperature  above  300**  C.  (572"*  F.)    It  is  insoluble  in  water,  but  easily  so  in  hot  alcohol^ 
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ether,  and  benzoL    The  composition  of  anthracen  is  C^JBiio ;  it  is  now  of  OQniiderable  import- 
ance, as  it  is  the  ataiting  point  in  the  manufacture  of  artifidad  alizarin. 

ANTILOGOUS  POLE.    Opposite  of  analogous  pole,  q.  v.    The  terms  are  used  in  detcribinff 
the  phenomena  of  pjro^lectricity. 

ANTIMONIURETTED  HYDROGEN.    See  ArUimtm^. 

ANTDdONY.  A  metallic  element  first  disooyered  by  Basil  Valentine.  Its  symbol  ia  Sb, 
from  its  Latin  name  StUnum,  and  its  atomic  weight  120*3.  ^  ^^  P^^^'^  "^*^  i^  ^  ^  brilliant 
bluish-white  colour,  and  is  hi^y  crystalline.  It  is  yeiy  brittle,  and  ia  easily  redvced  to  powder. 
It  melts  at  450**  G.  (842**  F.^  and  at  a  white  heat  volatilises.  Its  specific  gravity  variea 
between  67  and  6 '86.  By  electrolysis  "Mr,  Gore  has  prepared  amorphous  antimony,  which  has 
the  colour  and  appearance  of  polished  steel  and  a  roecific  gravity  of  578 ;  this  when  heated 
or  struck  suddenly  becomes  very  hot  and  changes  throughout  its  mass  to  ordinary  ciystalline 
antimony.  Antimony  is  permanent  in  the  aii  at  the  oidinazy  temperature,  but  oxidisee  when 
melted,  and  takes  fire  at  a  red  heat.  Nitrid  acid  oxidises  it  to  the  tri-  or  pent  oxide,  but  doef 
not  dissolve  it.  Sulphuric  and  hydrochloric  adds  attack  it  with  difficulty.  Antimony  forms 
three  definite  oxides,  the  triroxide,  the  ietroxide,  and  the  pen^oxUie.  The  tri-oxide  or 
anUnumious  oxide  (SbjOj)  is  sometimes  found  native.  It  is  formed  when  antimony  borne  £a 
the  air,  when  it  is  deposited  in  shining  prismatic  ciystals  known  as  flowers  of  antimony.  It 
may  be  prepared  in  the  wet  way  by  precipitation.  It  is  sparingly  soluble  in  water,  more  freely 
to  in  adda  With  bi>tartrate  of  potassium  it  forms  a  double  salt  known  as  tartar  emetic.  (See 
Tartaric  add.)  The  tetroxide  of  antimony  is  of  little  importance,  it  ia  found  native  as 
antimony  odira  Its  formula  is  Sb^O^,  and  is  supposed  to  be  a  mixture  of  the  tri-  and 
pent-  oxides.  PentK)xide  of  antimony,  also  called  antimonie  cadde  and  antimanie  add,  {Sbfi^) 
18  a  white  powder  sparingly  soluble  in  water,  soluble  in  hydrochloric  add  and  in  caustio 
alkalies.  It  is  produced  by  oxidising  antimony  to  the  fullest  extent  with  nitric  acid.  It  exists 
in  two  states,  as  antimonio  add  which  is  monobadc ;  and  metantimonio  add  whidi  is  di-basic. 
^ey  eadi  form  definite  salts  with  bases.  The  following  are  the  on^  eompoundl  which  need 
be  mentioned  : — ^Antimoniate  of  lead,  a  basic  salt ;  is  used  in  oil-painting  under  the  name  of 
Naples  yellow.  Acid  metantimoniate  of  potassium  {KgCShfi^+J  Jifi).  This  salt  forms 
a  crystalline  mass  readily  soluble  in  warm  water,  but  boobl  decomposing.  It  is  nsed  in 
laboratories  as  a  test  for  soda,  as  when  a  freshly  prepared  solution  is  added  to  a  sodium  salt  a 
predpitate  of  iuaoluble  add  metantimoniate  of  sodium  is  produced.  When  this  test  is  employed 
-with  proper  precautions  it  is  exceedingly  delicate^  so  it  will  detect  a  sodium  salt  when  present 
in  more  than  a  thousand  times  its  weight  of  water. 

Oxyehloride  of  AnHmony^  formerly  called  Powder  of  Algaroth,  a  heavy  white  amorphooa 
powder  of  variable  composition,  but  containing  diloride  of  antimony  and  tri-oxide  of  antimony, 
formed  by  the  action  of  water  on  oxychloride  of  antimony. 

Svlphidei  of  Antimony.  The  tri-sulphide,  SbsSg,  occurs  native  aa  stibnite,  gray  antimony, 
antimony-glance,  &c.  It  is  largely  employed  as  a  source  of  antimony ;  and  when  purified  from 
the  gangue  by  fusion  it  ia  known  in  commerce  as  crude  antimony.  The  native  or  artifidallv 
fused  sulphide  crystaUises  in  prisms,  it  cleaves  very  readily;  spedfic  gravity  4*62  ;  hara- 
ness  =  2,  it  is  easily  cut  and  is  slightly  flexible,  it  has  a  lead  gray  metallic  lustre,  and  is  easily 
fudble.  The  tri-sulphide  in  the  amorphous  state  prepared  sftifidally  is  sometimea  known  as 
mineral  kermes,  it  is  a  brown  red,  loosely  coherent  powder.  The  hydrated  tri-sulphide  of 
antimony  is  of  a  dark  orange  red  colour  predpitated  when  sulphuretted  hydrogen  is  passed 
through  an  acid  solution  of  the  tri-oxide  or  the  tri-chloride. 

Eydridt  of  Antimony ,  or  Antimoniuretted  Hydrogen  (SbHs).  A  colourless,  transparent,  and 
inodorous  gaa,  formed  when  nascent  hydrogen  is  generated  in  a  solution  containing  antimony, 
or  when  an  alloy  of  antimony  and  zinc  is  dissolved  in  adda  It  is  insoluble  in  water  ;  when 
passed  through  a  glass  tube,  and  strongly  heated,  it  is  decomposed  with  separation  of  metallio 
antimony.  When  passed  into  a  solution  of  nitrate  of  silver  it  forms  a  black  predpitate  of 
antimonide  of  silver.  Antimoniuretted  hydrogen  is  liable  in  analysis  to  be  mistaken  for 
arsenuretted  hydrogen,  and  vice  vena.  For  distinctive  characteristics  special  works  on  analysis 
must  be  consulted. 

Trirchloride  of  Antimonyt  sometimes  called  Butter  of  Antimony.  A  translucent,  fatty  loddng 
mass,  melting  at  72°  C.  (162^  F.)  and  boiling  at  200**  C.  (392*"  F.)  Its  composition  is  Sb  CI3. 
It  fumes  in  the  air.  Water  decomposes  it  into  hydrochloric  add  and  oxychloride  of  antimony  or 
powder  of  algaroth.    Hydrochloric  add  dissolves  it  without  predpitation. 

Pentachloride  of  Antimony.  A  colourless,  very  volatile  liquid,  formed  when  metallic  antimony 
and  chlorine  unite.  The  combination  takes  plaice  with  brilliant  combustion  when  the  powdered 
metal  is  thrown  into  chlorine.  It  gives  up  two  of  its  chlorine  atoms  to  other  substances  very 
readOy,  and  ia  thus  of  great  use  in  some  chemical  reactions.    Its  formula  is  Sb  Clg. 
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Pmtcaulpkide  of  Antimony,    A  yellowish  red  powder,  fonned  when  sulphuretted  hydroeen  la 

Jassed  through  a  solution  oontainkig  the  pentachoride  or  the  pentozide ;  its  formula  is  %hj&^ 
t  unites  in  the  capacity  of  an  add  with  other  metallic  sulphides,  which  act  as  base,  to  form 
sulphantimoniates.  The  alkaline  sulphantimoniates  are  soluble  in  water  and  oyBtaUise  readily ; 
their  composition  Is  3  M^.SbSg,  the  letter  M  representing  the  metaL 

Antimony  is  capable  of  combining  with  alcohol  radicals  forming  eompoonds,  some  of  which 
may  be  regarded  as  ammonia  (NH^,  in  which  the  nitrogen  is  replaced  by  antimony  and  the 
hydrogen  by  three  equivalents  of  the  radicaL  As  an  illustration  we  need  only  mention  one  of 
these,  triethylstibine  (Sb(GsHg)i).  The  constitution  of  other  organic  compounds  of  antimony 
is  not  so  clearly  made  out. 

ANTLIA.  In  astronomy  (abbreyiated  from  Anilia  PneunuUiea,  the  air  pump),  a  southern 
constellation  formed  by  Lacaille. 

APHELION.  {hr6f  from,  and  fjKios,  the  sun.)  That  point  in  the  orbit  of  any  member  of  the 
solar  mtem  which  Ues  farthest  from  the  sun. 

APLANATIO.  (d,  without,  and  rXdn;,  error.)  A  name  used  in  optics  to  denote  a  lens  so 
constructed  as  to  be  free  from  spherical  aberration.    (See  Abervaiiony  Spherical,). 

APOGEE.  (&t6,  from,  and  7^,  the  eartii.)  That  point  of  the  moon^  orbit  which  lies  nearest 
to  the  earth.  The  term  is  sometimes,  but  incorrectiy,  applied  to  the  planets.  Its  use  with 
reference  to  the  sun  is  scarcely  more  legitimate^  though  of  course  recognised  as  just  when  the 
earth  was  regarded  as  the  centre  of  the  universe. 

APOMORPHIA.  (dir6,  from,  and  fiwrpkia,)  An  organic  base  discovered  by  Pr.  Matthiessen 
and  Mr.  Wright.  It  is  prepared  by  the  action  of  hydrochloric  add  on  morphia  at  a  high 
temperature.  The  phydological  effects  of  apomorphia  are  those  of  a  non-irritant  emetic  and 
powerful  anti-stimulant,  the  action,  however,  rapidly  passing  off,  leaving  no  after  ill  effects;  it 
will  probably  come  into  use  in  medicine.  (See  Proc.  B.  S.,  vol.  zvii,  p.  455.)  The  oompodtion. 
of  apomorpma  is  Cj^H^N  O^. 

APPABENT.  {Appareo,  to  appear.)  A  term  of  frequent  use  in  astronomy,  to  indicate  the 
position  or  notions  of  celestial  objects  as  they  appear  to  the  eye  as  distinguisheid  from  their  real 
motions  in  space. 

APPARENT  SOLAB  DAY.  The  Interval  between  two  successive  trandti  of  the  sun 
across  the  meridian  of  any  place.    (See  Day.) 

APPBOACH  CAUSED  BY  YIBBATION.    See  Vibration,  Approach  canted  hy. 

APPULSE.  (Apfultue^  aa  arrival.)  In  astronomy  the  near  apparent  approach  of  one 
celestial  body  towards  another.  The  term  is  chiefly  appUed  to  stars  or  planets  near  to  which 
the  moon  passes,  without  occulting  them. 

APSE.    See  Apeie, 

APSIDES,  LINE  OF.  (d^»,  the  felloe  of  a  wheel )  The  imagiiuury  line  joining  the  apses 
of  the  orbit  of  a  planet  or  satellite.  Or,  more  strictly,  it  is  the  line  joining  what  would  be  the 
apses  of  the  planet's  path  if  the  planet  were  to  move  undisturbed  through  a  complete  revolution^ 
from  the  moment  conddered. 

APSIS  ;  or,  Apee,  (See  Apeidee,  Line  of.)  The  point  of  the  orbit  of  a  planet  or  satellite  at 
which  it  is  farthest  from  or  nearest  to  the  sun  or  primaiy,  respectivdy  j  or,  more  oorreotiy,  the 
points  of  such  orbits  at  which  the  direction  of  motion  is  at  right  angles  to  the  line  firem  the 
centre  of  motion. 

APUS.  In  astronomy,  (a,  without,  and  rodf,  a  foot),  the  bird  of  Paradise,  a  sontheni 
constellation  fonned  by  Bayer. 

AQUAJFOBTIS.    See  Nitric  Acid. 

AQUAREGIA.    See  NUric  Acid. 

AQUABIUS.  (The  water-bearer.)  A  Zodiacal  sign,  the  deventh  in  order.  The  sun  enters 
this  dgn  about  tiie  20th  of  January,  and  leaves  it  about  the  19th  of  February.  The  Zodiacal 
constellation  Aquarius  now  occupies  the  region  corresponding  to  the  dgn  Pisces.  A  remarkable 
feature  in  this  constellation  is  the  existence  of  two  well  marked  star-streams  within  its  limits, 
with  prolongations  extending  over  the  constellations  Grus  and  Pisds  Australis. 

AQUILA.  In  astronomy  (the  eagle),  one  of  Ptdemy's  northern  constellations.  In  andent 
stai^maps  the  figure  of  the  boy  Antinous  is  placed  in  company  with  the  eagle,  and  Tycho  Brahe 
framed  the  stars  belonging  to  the  figure  of  Antinous  into  a  separate  constdlation,  which  Is  not  now 
recognised,  however,  by  astronomers.  The  MUky  Way  presents  some  singularly  rich  protuber- 
ances within  the  limits  of  Aquila.  It  Is  indeed  well  worthy  of  notice  that  whereas  in  Cygnus 
the  branch  which  extends  towards  Ophiuchus  is  far  the  brightest,  the  branch  extending  towards 
Aquila  grows  rapidly  br^hter  from  Yulpecula  southwards,  the  portion  which  crosses  the  southern 
half  of  Aquila  being  absolutely  the  brightest  vidble  in  our  northern  heavens. 

ABA.    In  astronomy  (the  altar),  one  of  Ptolemy's  aoathem  consteUstioni,    According  M 


JLQU  86  ABO 

Aiatoa  the  Centaur  wm  oonodTed  by  ancient  astronomen  as  in  the  act  of  pladng  an  offering  on 
the  altar ;  but  by  a  itrange  mistake  the  altar  is  represented  in  all  modem  star-mapa  in  an  in- 
verted position.  It  seems  not  improbable  that  the  ancient  astronomers  recognised  in  the 
strangely  complex  parts  of  the  Milky  Way  which  lie  to  the  north  of  this  constellation  some  re- 
sembknce  to  smoke  from  an  altar. 

AQUEOUS  HUMOUR.  That  portion  of  the  tnnspannt  contents  of  the  eye  which  liea 
between  the  oomea  and  the  tru.     (See  Eye,) 

ABABIN.  The  name  given  by  Newbauer  to  a  gammy  sabstance  obtained  from  Gnm  Arable 
by  treatment  with  hydro-chloric  add  and  alcohoL  He  considers  that  it  has  the  property  of  an 
acid,  and  that  it  exists  in  Gum  Arabic  in  combination  with  lime  and  magnesia.  Its  compoai- 
tion  is  CuH^On  ;  when  freshly  prepared  it  dissolves  in  cold  water,  but  after  drying  it  merely 
swells  up  to  a  gelatinous  mass. 

ARAGO*S  PHOTOMETER.  Ango  has  described  {(Euvrm  compliUt  de  Franwii  Arago, 
vol.  X.)  a  photometer  of  complicated  construction  founded  on  the  law  of  the  square  of  tiio 
cosines,  according  to  which  polarised  rays  pass  from  the  ordinary  to  the  extraordinary  image. 
HiB  description,  however,  is  not  dear  in  the  original,  and  would  be  quite  unintelligible  without 
woodcuts.    (See  Pkolametry.) 

AROH.  {AreuMf  a  bow.)  A  structure  of  stones  or  bricks  placed  in  the  form  of  a  bow,  so  as 
to  support  one  another  by  their  mutual  pressure.  The  separate  wedge-shaped  stones  of  the 
arch  are  termed  vouuoin  or  ring-courses,  and  the  centre  one  is  called  the  hey-Hone,  The  pillars 
on  which  the  extremities  of  the  ardi  rest  are  the  abutments,  and  their  upper  courses  the  wipo9t 
isr  tpringmg  eounet.  The  dirtance  between  the  tops  of  the  abutments  is  the  span  of  the  arch  ; 
a  straight  line  joining  the  tops,  the  apring-Ume.  The  internal  concave  suriaoe  of  the  arch  is 
tenned  the  9ofit  or  in^adot;  the  upper  surface  of  the  ring  of  arch  stones  is  sometimes  called  the 
extradoi  ;  sometimes,  however,  this  term  is  applied  to  the  solid  masonry  or  backing  above  them. 
A  wall  standing  on  an  arch  is  termed  a  spandrH-walL  The  problem  ''to  find  the  arch  of  greatest 
strength"  is  usually  a  very  difficult  one.  The  arch  of  greatest  strength,  on  the  supposition 
that  ^ere  is  no  superincumbent  pressure,  is  shown  by  the  theory  of  preanires  to  be  a  catenary, 
or  a  curve  precisely  similar  to  that  formed  by  a  flexible  string  when  suspended  from  two  fixed 
points.  (See  Catenary.)  The  determination  of  the  form  of  greatest  strength  of  a  loaded  arch 
from  the  prindples  of  stability  and  strength  is  an  almost  impracticable  problem  from  its  com- 
plexity. It  will  depend  upon  the  weight  of  the  materiab  forming  the  load,  and  the  manner  in 
which  the  pressures  are  transmitted.  ^ 

The  HydrotUUic  Arch  is  an  arch  suited  for  sustaining  nonnal  pressure  at  eadi  point  propor- 
tional, like  that  of  a  liquid  at  rest,  to  the  depth  below  a  given  hoiixontal  plane.  The  radius  of 
curvature  at  any  point  of  the  arch  is  inversely  proportional  to  the  pressure,  and  also  inversdy 
proportional  to  the  depth  below  a  horizontal  plane,  such  that  vertical  lines  from  it  represent  the 
intensity  of  the  pressure.  A  mechanical  mode  of  drawing  a  hydrostatic  arch  is  f  umiBhed  by 
the  fact,  that  its  figure  is  the  same  as  that  presented  by  an  elastic  spring  when  bent. 

The  OeoHaUe  Arch^  or,  as  it  is  sometimes  called,  the  transf  onned  hydrostatic  arch,  is  a  curve 
suc^  that  the  vertical  pressure  is  proportional  to  the  depth  below  a  fixed  horizonal  plane,  and 
the  horizontsl  pressure  bears  to  the  vertical  pressure  a  fixed  ratio  depending  on  the  nature  of 
the  superincumbent  materials.  This  arch  is  suited  to  sustain  the  pressure  of  earth.  It  may  bo 
drawn  by  constructing  first  the  figure  of  the  hydrostatic  arch,  and  tranaf orming  it  by  keeping 
the  vertical  co-ordinates  the  same,  but  altering  the  horizontal  co-ordinates  into  lengths  changed 
according  to  the  constant  ratio. 

The  condition  of  eqiulibrium  of  an  arch  is  determined  by  the  position  of  the  line  of  pressures. 
If  a  straight  line  be  drawn  at  each  bed-joint  (the  joint  between  two  arch-stones)  in  the  directioa 
of  the  resultant  pressure  at  that  joint,  all  the  lines  thtis  drawn  will  form  a  polygon,  termed  the 
line  of  pressures.  The  curve  through  the  angular  points  of  the  polygon  is  the  equiwderU  linear 
arch.  Now  in  order  that  the  stability  of  the  arch  may  be  secure,  there  should  be  no  tenden<nr 
to  open  the  joints  dther  above  or  below  ;  and  this  is  the  case  if  the  centre  of  pressure  of  e$ca 
joint  be  not  more  than  a  sixth  of  its  length  from  the  centre,  that  is,  *'  if  the  equivalent  linesr 
aich  fall  within  the  middle  third  of  the  depth  of  the  arch  ring." 

Skew  Arche$  are  ardies  derived  from  symmetrical  arches  by  distortion  in  a  horizontal  plane. 
For  further  information  consult  Afanucd  of  Applied  Mathematict  by  Professor  Rankine.  Papers 
by  M.  Yvon-Villarceaux  in  the  Mimoiret  de»  Somom  Strangers,  voL  xii.  Tredgold  on  Masonry 
(Encyc.  Brit.).    Gauthey,  TraiU  de  la  Construction  de  Fonts,    (See  Bridges.) 

ARCHIMEDEAN  SCREW.  One  of  the  earliest  machines  used  for  lifting  water.  It  con- 
sists of  a  cylinder  inclined  to  the  vertical,  either  exactly  fitted  by  a  screw  having  the  same  axia, 
or  having  a  tube  twuted  round  it  in  the  form  of  a  screw.  If  a  small  solid  body  were  placed  st 
the  bottom,  and  the  screw  turned  round,  each  point  of  the  screw  would  pass  beneath  the  body 
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at  the  lower  edge  of  the  cylinder,  and  the  body  would  be  gradually  raised  to  the  top.  In  the 
aame  manner,  S  water  has  acoees  to  the  bottom,  on  turning  the  instrument  it  will  be  raised 
until  it  flows  out  at  the  top.  Archimedean  screws  are  extensively  used  for  raising  water  in 
Egypt  and  in  Holland. 

ARCHIMEDES,  PRINCIFLE  OF.  The  law  that»  when  a  body  ia  immersed  in  a  liquid, 
it  displaces  a  quantity  of  liquid  equal  in  bulk  to  itself,  and  appears  to  be  lighter  in  the  liquid 
than  in  air,  by  the  weight  of  the  liquid  displaced.  The  principle  receives  its  name  from  the 
following  circumstance  : — It  is  said  that  Hiero,  Einff  of  Syracuse,  applied  to  Archimedes  for 
a  test  to  prove  whether  a  crown  which  had  been  made  by  Ids  orders  was  all  gold,  or  whether 
the  goldsmith  had  dishonestly  substituted  a  baser  metal  for  a  portion  of  the  gold.  While  the 
philosopher  was  thinking  of  the  subject,  he  chanced  to  enter  a  bath  filled  with  water,  and 
noticed  that,  as  he  entered,  the  liquid  flowed  over.  This  observation  suggested  a  solution  to 
his  problem.  He  took  the  crown,  and  a  quantity  of  pure  gold  of  the  same  weight,  and  im- 
mersed them  successively  in  the  same  vessel,  filled  to  the  brim  with  water.  As  the  crown  dis- 
placed more  water  than  the  equal  bulk  of  gold,  he  oonduded  that  it  was  partly  composed  of  a 
lifter  metal,  and  the  king's  suspicions  were  confirmed. 

Assuming  the  alloy  to  he  silver,  Archimedes  then  took  quantities  of  gold  and  silver  equal  in 
weight  to  the  crown,  immersed  them  in  water,  and  weighed  that  which  overflowed.  He  was 
thus  able  to  discover  the  extent  to  which  the  king  had  been  defrauded  in  the  construction  of 
the  crown.     (See  Specific  Gravity  and  Displaeement  of  Liquids.) 

ARCTIC.  {dpicriKAtt  from  Apicros,  a  bear.)  The  part  of  the  heavens  where  the  oonstellations 
of  the  Greater  and  Lesser  Bear  appear.  The  North  Pole  of  the  heavens  lies  close  by  the  latter 
constellation,  and  thus  the  term  Arctic  is  now  associated  with  the  North  Polar  region  of  tha 
heavens,  rather  than  specially  with  the  above-named  constellations.  The  arctic  regions  on  the 
earth  are  those  in  which,  at  the  time  of  the  summer  solstice,  the  sun  does  not  set ;  the  arctic 
drde  marking  the  limit  of  those  regions.  At  plaoes  along  this  circle  (neglectingv  refraction) 
the  sun  is  on  the  horizon  at  midnight  at  the  time  of  the  summer  solstice  of  the  northern 
hemisphere. 

ARCTURUS.  {*JLpKTovpct — ^from  "Apicrot,  a  bear,  and  o9/)ot,  a  warder,  the  Beai^guard.) 
The  leading  star  of  the  constellation  Bootes,  and,  according  to  Sir  John  Herschel's  photometric 
experiments,  the  brightest  star  in  the  northern  heavens. 

AREOMETER,  MOHR'S.  Molu's  areometer  consists  of  a  glass  tube  containing  mercury, 
and  hermetically  sealed  at  the  top  and  bottom.  It  hangs  from  a  fine  platinum  wire,  and  ia 
sufficiently  heavy  to  sink  in  every  Uquid  which  has  to  be  examined.  The  weight  of  the  instru- 
ment in  air  being  determined,  it  Is  suspended  in  water,  and  again  weighed.  The  loss  experi- 
enced is  the  weight  of  an  equal  volume  of  water.  (See  Displacement  of  Ltquidt,)  On  weighing 
the  instrument  again  in  another  liquid,  and  deducting  the  weight  so  found  from  the  original 
weight,  we  find  the  weight  of  the  same  volume  of  the  liquid.  Division  of  the  weight  of  tho 
volume  of  the  liquid  by  the  wdght  of  the  equal  volume  of  water  gives  the  specific  gravity  of 
the  liquid.  When  many  detem^nations  have  to  be  made  in  a  short  time,  it  is^  of  course,  suffi- 
cient to  weigh  the  instrument  only  once  in  water ;  that  is,  to  determine  once  for  all  the  weight 
of  water  whose  volume  is  equal  to  that  of  the  instrument. 

AREOMETER,  NICHOLSON'S.  An  instrument  for  determining  the  specific  gravities  of 
solids  and  liquids.  It  consists  of  a  hollow  cylindrical  copper  vessel,  with  conical  ends.  The 
lower  end  is  loaded,  so  ns  to  secure  an  upright  position  when  floating.  It  also  carries  a  little 
prorated  tray  at  the  lower  end,  the  use  of  which  will  be  described  immediatelv.  The  upper 
conical  end  carries  a  narrow  stem  which  bears  a  small  tray.  An  arbitrary  mark  is  made  on  the 
stem.  The  solid,  whose  specific  gravity  has  to  be  determined,  is  placed  upon  the  upper  tray, 
and  weights  are  added  until  the  mark  on  the  stem  sinks  exactly  to  the  level  of  the  surface  of 
the  water  in  which  the  instrument  is  placed.  The  substance  is  removed  and  replaced  by  weights 
until  the  areometer  sinks  to  the  same  mark  as  before.  The  weight  which  has  to  be  added  to 
effect  tins  is  the  absolute  weight  of  the  substance.  This  weight  is  again  removed,  and  the 
object  is  put  into  the  lower  tray,  that  is,  beneath  the  surface  of  the  water.  The  areometer  will 
not  sink  to  the  mark,  because  the  object  in  the  tray  ib  pushed  up  W  a  force  equal  to  the  weight 
of  water  it  displaces.  To  find  this  upward  pressure,  weights  are  placed  on  the  upper  tray  until 
the  instrument  sinks  to  the  same  mark.  The  weight  required  to  effect  this  is  the  weight  of  a 
volume  of  water  equal  to  the  volume  of  the  substance.  (See  Ditplacement  of  Liquids.)  Aooord- 
ingly,  by  dividing  the  weight  of  the  body  by  the  weight  of  an  equal  volume  of  water,  the 
spe<3fic  gravity  is  obtained. 

Nicholson's  areometer  may  also  be  readily  applied  to  the  determination  of  the  specific  gravity 
of  liquids.  Let  the  weight  of  the  entire  instrument  be  first  ascertained.  Let  it  be  placed  in 
water,  and,  by  the  addition  of  weights  on  tho  upper  tray,  let  it  be  sunk  to  the  given  mark.   Let 
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It  now  beplaoed  in  another  liquid,  and  weights  added  as  before,  nntil  the  tame  eflfect  is  pio- 
daced.  l^e  weight  first  added,  together  with  the  weight  of  the  instrament^  gi^es  the  weight 
of  the  volimie  of  water  equal  to  the  immersed  part  of  the  instrunentb  The  second  wei^t, 
added  together  with  the  weight  of  the  instroment,  gives  the  weight  of  the  same  voltimd  of  the 
liquid.    Henoe  tiie  specific  gravity  is  found  by  dividing  the  second  sum  by  the  first. 

ARGOL.     See  Tartaric  Acid. 

ARGO  NAVIS.  (Latin.)  In  astronomy  {the  »hip  Argo),  one  of  Ptolemy's  southern 
coDstellationa.  By  mcdem  astronomers  it  is  divided  into  four  portions,  named  respectively, 
ifa/ta,  the  mast ;  Vda,  the  sails  ;  Carina^  the  keel ;  and  Puppii^  the  stern.  This  constellation 
was  figured  in  ancient  maps  as  the  aft  section  of  a  gfHej,  the  position  of  the  ship  being  such 
that  the  diurnal  motion  of  the  heavens  carries  h^  stemwards.  Thus  Aratus  and  ^DmilioB 
compare  the  motion  of  the  ship  to  that  of  a  vessel  dragged  by  the  stem  into  harbour.  The 
constellation  is  remarkable  for  the  singular  richness  with  which  stars  are  distributed  over  it. 
It  has  been  remarked  by  the  late  Captain  Jacobs,  the  well-known  observer,  that  one  can  teU 
when  this  constellation  has  risen  above  the  horizon,  without  turning  towuds  it,  because  the 
united  lustre  of  the  stars  composing  it  sheds  a  light  over  the  landscape  resembling  that  of  a 
young  moon.  Within  this  constellation  is  the  wonderful  variable  star  Eta  Argils  (see  Stars^ 
Temporary\  situated  in  the  heart  of  one  of  the  most  remarkable  nebulse  in  the  heavens. 

ABIDED.  (Arabic.)  The  leading  star  of  the  constellation  Cygnus.  It  is  also  called 
Deneb  Adige. 

ABIES.  The  ram,  a  constellation ;  but  also  the  first  sign  of  the  Zodiac  The  commence- 
ment of  this  sign  on  the  ecliptic  is  called  the  firtt  point  of  Aries;  it  is  the  point  in  which  the 
ecliptic  passes  from  the  southern  to  the  northern  side  of  the  equinoctial  line.  The  sun's  centra 
occupies  this  point  at  the  vernal  equinox  of  the  northern  hemisphere ;  and  from  this  point 
longitudes  are  meatsured  along  the  ecliptic,  in  the  order  of  the  signs,  and  right  ascensions  along 
the  equator  from  west  to  east.  The  tign  Aries  is  at  present  occupied  by  the  constellation 
Pisces.      

ABMAtukE.  (Annatura,  annour.)  To  improve  the  power  of  the  native  loadstone  as  a 
magnet  the  position  of  the  poles  ia  determined,  and  while  the  distance  between  them  is  main- 
tained  as  great  as  possible,  the  rough  outlying  portions  of  the  stone  are  removed,  so  that  it 
assumes  something  of  a  rectangular  shape,  two  of  the  sides  of  the  rectangle  being  perpendicular 

to  the  line  joininff  the  poles.  To  each  of  these  ends  is  applied  a  smooth  L.'flhiq)ed  piece  of  the 
softest  iron,  which  terminates  in  a  massive  foot  projecting  below  the  side  of  the  stone.  These 
soft  iron  pieces  constitute  the  armature  of  the  magnet.  They  very  much  increase  its  power  for 
lifting,  concentrating  it,  as  it  were,  in  the  soft  iron  feet,  and  besides  enabling  both  poles  to  be 
applied  at  once,  as  is  the  case  with  the  horse-shoe  magnet.  The  word  armature  has,  however, 
a  somewhat  doubtful  application,  a  few  writers  denoting  by  it  what  is  more  frequently  oslled  a 
keeper. 

ARMTIiLABY  SPHERE.  (^rmtZZa,  a  bracelet)  An  instrument  employed  by  ancient 
astronomers.  It  consisted  of  a  number  of  hoops  representing  the  principal  great  circles  on  the 
celestial  sphere,  as  the  equator,  ecliptic,  Ac.,  placed  in  their  proper  relative  positions.  It  may 
be  questioned  whether  for  teaching  beginners  a  form  of  the  armillary  sphere  might  not  still  be 
employed  with  advantage.  It  ia  worthy  of  notice  that  the  instniction  derived  horn  treatises  on 
astronomy  is  not  usually  effective  in  fijdng  in  the  student's  mind  a  clear  impression  of  what 
actually  takes  place  in  the  heavens.  More  particularly  is  this  the  case  as  respects  the  apparent 
motions  of  the  sun,  whether  in  his  diurnal  course  round  the  heavens,  or  in  his  annual  circuit  of 
the  ecliptic.  A  certain  reality  (and  as  surely  a  new  charm)  would  be  given  to  the  study  of 
astronomy  in  our  schools,  if  the  solar  apparent  motions,  the  comprehension  of  which  forms  the 
basBB  of  ail  astronomy,  were  directly  measured  and  noted  by  the  student.  By  means  of  a  rod 
placed  like  the  gnomon  of  a  sundial  (that  is,  pointing  to  the  pole  of  the  heavens),  and  fixed 
circles  corresponding  to  the  meridian-circle,  the  equator,  the  ecliptic,  and  so  on,  a  variety  of 
very  simple  and  instructive  lessons  could  be  imparted.  The  equable  motion  of  the  shadow  of 
the  rod  on  the  equator  would  convince  the  student  of  the  equable  nature  of  the  sun's,  apparent 
diurnal  motion,  and  so  of  the  equable  nature  of  the  earth's  rotation  to  which  that  motion  Ib  due. 
Hie  varying  midday  elevation  of  the  sun  would  in  like  manner  be  illustrated  by  the  varying 
position  of  the  shadow  of  the  axial  rod's  centre  at  noon  upon  the  meridian  circle.  A  number  <3 
such  illustrations  of  the  celestial  motions  could  be  readily  devised,  and  there  can  be  no  question 
whatever  that  the  student  would  gain  a  clearer  and  sounder  understanding  of  the  principles  of 
astronomy  (and  that  in  a  more  agreeable  manner),  by  such  open-air  and  practical  illustn^tioDS 
than  by  mere  reading. 

ARMSTRONG'S  HYDRO-ELECTRIC  MACHINE.    See  Electric  Machine, 

ARNEB.    (Arabic.)    The  star  a  of  the  constellation  Lepus. 
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ABOMATIO  GROUPS^  HOMOLOGOUa    Aeooiding  to  Dr.  Odling. 


Fximazy  Terms. 


1 


I 


C6H« 
GbHsO 


Fhenens. 

PhenoL 

PyrocatechiiL 

PyrogaUin. 

CoUioacid. 


Seconduy  Term. 


GsH« 


Hydroqnlnone. 
Phloroglacin. 
Comenlc  acid. 


C6H4O, 


PhenyleoA. 


Qninoim. 


O7H8 
OyHgO 

O7H6O 
07H«08 


O7H8O,        { 
07H«0» 

C7H«04 

C/HeOj 


Benxone. 
BeiujUo  alcohoL 
Cresylic  phenol. 
Beniyllo  glycol. 
Benxoic  aldehyd. 
Benzoic  add. 
Baloic  acid. 
Ampelic  add,  fto. 


QyHf 


Ben^leiUb 


Sallgenin. 

Ordn. 

Sallclc  aldehyd. 

Balldc  add. 

Hypogallic  add,  &o. 

OaUlcadd. 

PergaUlcadd. 


CVHeOi 


O7H4O4 
O7H4O7 


OxeoBeliB. 


Ellagicadd. 

Chelldonic  acid. 
Meconlc  acid. 


ABKAGONITE.     See  Caleium. 

ABSENIG.  A  metallio  element  known  (in  its  oomponnds)  from  a  very  early  date,  bat 
inyestigated  chemically  by  Brandt  in  1733.  Its  symbol  is  As,  and  atomic  weight  75  ;  itia 
occasionally  found  native,  but  more  frequently  in  combination  with  iron,  copper,  cobsJty  and 
nickel  ores.  In  the  metallic  state  it  is  of  a*  steel  grayoolour,  specifio  gravity  from  5'62  to  5  '96. 
It  is  very  brittle,  andcnrstallises  in  rhombohedrons.  when  heated  it  volatilises  without  fusion  at 
a  dull  red  heat,  and  condenses  either  in  a  compact  metallic  mass,  or  a  dark  gray  powder,  accoiding 
to  conditions.  The  prindpal  compounds  of  arsenic  are  the  following : — Oxides  of  arsenic,  of 
which  there  are  two,  the  trioxide  or  anentoui  acidjaid  the  pentoxide  or  arsenic  acid, 

Anenumt  add  (Aafii),  commonly  called  arsenic,  or  white  arsenic,  is  a  white,  solid,  dystaUine, 
or  amorphoos  substance.  The  amorphous  variety  is  a  transparent,  vitreous  substance,  produced 
when  its  vapour  condenses  on  a  hot  surface ;  the  crystalline  yariety  is  formed  when  tiie  vapour  is 
condensed  more  quickly,  or  when  it  separates  from  its  solutions ;  the  specific  gravity  of  the 
former  is  37385,  and  that  of  the  latter  2*695.  Arsenious  add  volatilises  at  218°  C.  (424*"  F. ) ; 
its  vapour  is  colourless  and  very  dense  (spedfic  gravity,  I3'85).  Arsenious  add  is  readily 
reduced  to  the  metallic  state  when  heated  with  a  reducing  agent.  By  allowing  its  vapour  to 
pass  over  a  splinter  of  red-hot  charcoal  in  a  small  glass  tube,  a  ring  of  metallic  arsenic  is  con* 
densed  on  the  cool  portion  of  the  tube ;  by  the  further  application  of  heat  this  may  be  driven 
up  and  down  the  tube,  and  gradually  reoxidised  into  arsenious  add,  which,  under  the  micro- 
scope, appears  in  brilliant  octahedrons ;  these  reactions  are  characteristic  of  the  metaL  When 
bright  metallic  copper  is  boiled  in  a  solution  containing  arsenic,  the  metal  ia  reduced  on  the 
Bunace  of  the  copper,  forming  a  steel  gray  layer.  When  the  piece  of  copper  is  dried  and  heated 
in  a  dean  glass  tube  the  above  reaction  can  be  performed.  It  dissolves  in  about  30  parts  td 
cold  water,  and  in  10  or  12  parts  of  hot  water.  Its  solution  is  add  to  test  paper ;  adds  dissolve 
it  more  readily  ;  it  unites  with  bases  forming  arsenites.  The  only  arsenites  of  importance  are 
artenite  of  copper  (Gu4As,0b),  known  as  S<Sied^$  Oreen;  the  aceto^rtenile  of  copper  (3  Cu  As 
0*.G^3CuO^.  Artenite  of  iron :  when  excess  of  hydrated  sesquioxide  of  iron  is  mixed  with 
solution  of  arsenious  add,  the  whole  of  the  latter  unites  with  the  iron,  to  form  a  basic  arsenite. 
Owing  to  this  property,  hydrated  sesquioxide  of  iron  is  one  of  the  b^  antidotes  to  arsenious 
add ;  it  should  be  administered  in  great  excess,  and  freshly  predpitated.  Arsenite  of  silver,  a 
yellow  predpitate,  is  formed  when  an  alkaline  arsenite  is  added  to  a  solution  of  nitrate  ol 
silver ;  its  formula  is  a  Agfi^Asfi^, 
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Arsenfc  Acid  (Afl^Os),  formed  by  ozidismg  arsenio  or  tmadooB  Add  to  the  fullest  extent. 
It  forms  several  hydrates,  which  are  readily  soluble  in  water.  It  is  a  strong  add,  forming 
arseniates  with  bases  ;  the  only  one  of  importance  is  the  silyer  salt  (AgjAsOJ,  a  dark  brown 
predpitate  obtained  when  an  alkaline  arseniate  is  added  to  nitrate  of  silver.  Anenic  add 
readily  parts  with  its  extra  quantity  of  oxygen  with  reduction  to  anenions  add,  hence  it  is 
sometimes  used  as  an  oxidising  agent  in  manufacturing  operations. 

AneniureUed  Hydrogen  (AsHg).  A  colourless  gas  veiy  slightly  soluble  in  water,  and  ex- 
tremely poisonous  ;  it  is  formed  when  hydrogen  is  generated  in  a  solution  containing  anenic^ 
or  by  diraolving  zinc  containing  arsenic,  in  add.  When  this  gas  is  heated  in  a  tube  to  dull 
redness  it  is  decomposed,  and  metallic  arsenic  condenses ;  when  passod  through  a  solution  of 
nitrate  of  silver,  silver  only  is  predpitated,  and  the  whole  of  the  arsenic  goes  into  solution  am 
arsenious  add.  The  gaa  is  inflammable,  and  evolves  a  white  smoke  of  arsenioas  add ;  by 
depressiog  a  cold  porcelain  surface  into  the  flame,  metallic  arsenio  predpitates  as  a  lustrous 
mirror.  For  the  distinction  between  arseniuretted  hydrogen  and  antamoniuretted  hydrogen  the 
reader  is  referred  to  works  on  analytical  chemistiT. 

Chloride  of  Anenic. — ^A  colourless,  oily,  dense  liquid,  of  the  composition  AsClt,  formed  with 
ignition  when  powdered  arsenic  meets  with  chlorine. 

Svlphid^i  of  Arsenic — Of  these  there  are  three :  AsS,  As^S,,  and  As^S^.  The  first,  the 
di-sulphide,  was  known  to  Pliny  and  Vitruvius  under  the  name  of  Sandaraca.  It  is  now  known 
as  realgar,  red  orpiment,  or  ruby  sulphur.  It  is  a  transparent,  ruby-coloured  crystalline  mass, 
easily  fusible.  It  was  formerly  used  as  a  pigment,  but  is  now  frequently  replaced  by  less 
dangerous  bodies.  The  tri-sulphide  of  arsenic,  the  arsenicum  of  Pliny,  now  known  as  orpiment 
or  yellow  sulphide  of  arsenic,  is  a  fine  lemon-coloured  powder,  formerly  used  as  a  pigment,  and 
sometimes  employed  in  calico  printing. 

PenUuulphtde  of  Arsenic  is  not  known  in  the  separate  state,  but  only  in  combination  with 
sulphides  of  other  metals. 

All  the  sulphides  of  arsenic  act  the  part  of  sulpho  adds,  and  unite  with  metallic  sulphides  to 
form  sulpho  salts. 

Arsenic  forms  many  organic  compounds  ;  of  these  we  can  only  mention  one,  and  its  com- 
pounds, viz.,  Cacodyl,  formerly  known  as  Cadet* i  Fuming  Liquid,  or  Alkarsin.  It  is  now  supposed 
to  be  a  compotmd  of  two  equivalents  of  methyl  and  one  of  arsenic  (Afi  (C  Hj),),  and  in  modem 
momenclature  is  called  arsendimethyL  Its  preparation  must  be  effected  wiUi  extraordinaiy 
precautions  owing  to  its  spontaneous  inflammability  and  its  extremely  poisonous  nature.  Bun« 
sen's  research  on  cacodyl  is  a  masterpiece  of  chemical  accuracy.  Cacodyl  is  a  transparent 
colourless  liquid,  heavier  than  water ;  it  has  a  dingosting  odour,  and  its  vapour  is  extremely 
poisonous  ;  it  boils  at  170"*  C.  (338**  F.\  and  solidifies  at  6"  C.  (43''  F.)  to  a  crystalline  mass  ; 
it  is  slightly  soluble  in  water,  more  so  in  alcohol ;  it  takes  fire  in  the  air  at  ordinary  tempera- 
tures; and  also  in  chlorine  gas.  It  acts  the  part  of  a  radical,  and  fovmaan  oxide,  chloride,  iodide, 
and  other  compounds  whidb  need  not  be  further  specified. 

ARSENICAL  GREEN.     See  Acetates. 

ARSENIURETl'ED  HYDROGEN.     See  Arsenic. 

ARTESIAN  WELL.  This  well  has  its  name  from  the  Ptovince  of  Artois,  in  France.  lU 
prindple,  however,  in  no  wise  differs  from  that  of  ordinary  springs  or  wells.  When  liquids  are 
in  communicating  vessels,  the  surfaces  of  the  two  portions  are  in  a  horizontal  plane.  (See 
Liquids'y  Levd  Swrfa/x  of)  If  the  edge  of  one  of  the  vessels  be  not  so  high  as  that  of  the  other, 
and  the  second  be  kept  full,  the  first  must  continually  overflow.  The  strata  of  the  earth's  upper 
crust  have  various  powers  of  absorbing  water.  In  many  districts  the  surface  layer  is  clay,  which 
18  penetrated  with  difficulty  by  water.  Beneath  this  there  may  be  gravel  and  chalk,  which  both 
absorb  and  yield  great  quantities  of  water  with  facility.  If  the  three  strata  are  bent  into  a 
cap  shape  so  that  ike  edges  of  the  gravel  or  chalk  are  exposed,  the  rain  falling  on  these  will  soak 
IB  and  accumulate  beneath  the  impervious  day,  while  the  rain  which  falls  upon  the  latter  will 
be  freely  removed  by  the  water-courses.  Accordingly,  a  locality  with  a  clay  soil  may  be  suffer- 
ing from  drought,  while  there  is  abundant  water  beneath  it  pressing  upward  with  a  force  pro- 
portional to  the  difference  of  level  between  the  clay  and  the  edge  of  the  exposed  lower  strata 
where  they  crop  up.  On  pierdng  the  clay  into  the  chalk  the  water  will  rise  in  the  boring,  and 
will  gush  forth  with  a  velocity  dependent  upon  the  above  difference  of  leveL 

ARTIFICIAL  TOURMALINE.    See  lodoquinine. 

ASBESTOS.  {daPeoTos,  indestructible.)  A  mineral  containing  silicate  of  magnesia,  occur- 
ijngf  in  minute  fibres  and  filaments.  There  are  many  varieties,  the  one  most  known  is  called 
amianthus  (Greek,  a/uovrof,  undefiled ;  a,  not ;  and  fucuyu,  to  pollute),  from  its  resistance  to 
fire  ;  this  occurs  in  long  silky  fibres,  very  flexible  and  elastic,  and  of  a  white  colour  ;  they  are 
easQy  separated  from  each  other,  and  have  been  woven  into  fireproof  doth,  which,  when  soiled, 
is  deansed  by  heating  in  the  ^re. 
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ASCENDING  NODE.    See  Node. 

ASCENSION,  BIGHT.  (Aicensio,  adyanoe.)  Tbe  right  ascension  of  a  celestial  body  is  the 
angle  between  two  planes,  one  passing  through  the  pole  of  the  heavens  and  the  body,  and  the 
other  through  the  pole  of  the  heavens  and  the  first  point  of  Aries.  (See  Aries.)  Since  right 
ascensions  are  xneasiired  on  the  equator  from  west  to  east,  while  the  diurnal  rotation  of  the 
heavens  takes  place  from  east  to  west,  it  is  clear  that  a  star,  having  a  given  right  ascension, 
will  come  to  the  meridian  later  than  the  first  point  of  Aries,  by  an  interval  equal  to  that  in 
which  the  earth  rotates  through  an  angle  equal  to  the  star's  right  ascension.  Thus  if  a  star's 
right  ascension  is  15  degrees,  the  star  will  come  to  the  meridian  one  hour  after  the  first  point  of 
Ajies,  since  the  earth  rotates  through  15  degrees  in  one  hour.  Bight  ascension  is,  therefore, 
commonly  measured  in  hours,  minut^,  and  seconds  of  time,  instead  of  in  degrees,  minutes,  and 
seconds  of  arc.  (See  DedinaUonj  and  Equatorial.)  In  old  works  on  astronomy  the  term  oblique 
ascension  is  sometimes  met  with.  The  oblique  ascension  of  an  object  is  the  arc  between  the 
first  point  of  Aries  and  that  point  on  the  equator  which  comes  to  the  horizon  at  the  same  time 
as  the  object.    It  obviously  varies  with  the  latitude  of  the  place  of  observation. 

ASCENSIONAL  DIFFEBENCE.  The  difference  between  the  obUque  and  the  right 
ascension  of  a  celestial  object.    (See  AsceTmoUy  Right,)    The  tenn  is  now  obsolete. 

ASH  OF  PLANTS.    See  PloMU,  Aik  of, 

ASPECT.    A  teem  used  by  astrologers.    See  Asiirdog^. 

ASSAYING.  (E99ayer,totsj.)  An  analytical  operation  in  which,  as  a  rule,  one  ingredient 
of  a  compound  is  alone  determined.  Moreover,  it  applies  to  metallic  alloys  only,  and  Ib  usuaUv 
restricted  to  those  of  silver  and  gold.  Hence,  assaying  is  one  of  the  cardinal  operations  in  aU 
Mints.  Sir  John  Pettus,  in  l^  JHctionary  of  MetaUicJt  Words  (1683),  says,  ....  ''Iti^e 
Assaying  to  have  relation  only  to  things  of  weight,  as  metals,  &c. ;  from  the  word  As,  or  Assis 
(which  signifies  a  pound  weight,  or  12  ounces,  or  the  whole  of  any  substance  which  may  be 
divided  into  parts),  and  especially  applicable  to  the  greatest  or  smallest  coins  that  are  made  of 
any  metal,  which  many  times  were,  and  still  are,  of  copper  or  brass,  which  the  Latins  call  uEt, 
and,  therefore,  I  suppose,  it  is  sometimes  writ  Essaying. '    (See  also  CupeUation.) 

ASTATIC,  (a,  without ;  and  ardw,  to  stand.)  Aa  arangement  of  magnetic  needles  such 
that  the  earth  shall  have  no  directive  action  upon  them,  is  called  an  astaHc  coTtibination,  and 
sometimes  simply  an  astatic  needle.  It  is  usual  to  suspend  two  equal  needles  parallel  to  one 
another  and  horizontal,  so  that  the  plane  which  contains  them  shall  be  vertical,  and  their  like 
poles  are  turned  in  opposite  directions.  Such  a  system  ia  made  use  of  in  experiments  on  the 
directive  force  of  currents  of  electricity  upon  magnets,  used  in  galvanometers.  It  is  possible 
also  to  make  a  siogle  needle  astatic  by  placing  magnets  near  to  it,  or  by  suspending  it  upon  an 
axis  in  the  magnetic  meridian,  and  parallel  to  the  line  of  magnetic  inclination. 

ASTATIC  GALVANOMETEB  ;  or,  MvUipUer.     (See  MvUiplier:  Thermom'idtiplier.) 

ASTEBISM.  (darrip,  a  star.)  Properly,  any  collection  or  group  of  stars,  but  now  com- 
monly limited  to  small  groups,  as  distinguished  from  constellations. 

ASTEBOIDS.  (dorepoeidi^f,  resembling  a  star.)  The  name  given  to  members  of  the  zone  of 
small  planets  travelling  between  the  or&ts  of  Mars  and  Jupiter.  Although  correctly  desig- 
nating the  aspect  of  these  bodies,  which  are  not  readily  distingmshable  from  the  fixed  stars, 
save  by  the  experienced  observer,  the  name  can  hardly  be  considered  as  well  chosen,  since  in  all 
their  real  attributes  these  bodies  are  altogether  different  from  the  fixed  stars. 

The  discoveiy  of  the  first  known  members  of  this  zone  fonns  one  of  the  most  interesting 
chapters  in  the  histozy  of  astronomy.  It  had  long  been  noticed  that  a  large  gap  separates  the 
orUt  of  Mars  from  that  of  Jupiter.  Not,  indeed,  that  the  actual  distance  between  these  orbits 
is  even  so  great  as  that  which  separates  the  orbits  of  Jupiter  and  Saturn.  But  the  orderly 
increase  observable  in  the  planetary  distances  as  we  proceed  outwards  from  the  sun,  is  obviously 
marred  by  the  sudden  increase  whidb  marks  the  interval  between  the  orbits  of  Jupiter  and  Mors 
as  compart  with  that  betweea  the  orbits  of  Mars  and  the  earth.  This  circumstance  led 
Kepler,  and  afterwards  Titius,  to  express  the  opinion  that  an  undetected  planet  revolves 
between  Mars  and  Jupiter.  The  discovery  of  the  planet  Uranus,  whose  mean  distance  corre* 
spends  exactly  with  Bode's  law,  led  Bode  to  assert  his  belief  that  astronomers  might  with  advan- 
tage search  for  such  a  planet.  Accordingly,  for  the  first  time  in  the  history  of  astronomy,  an 
empirical  law,  a  law  whose  cause  is  even  now  not  recognised,  led  astronomers  to  commence  a 
systematic  survey  of  the  heavens.  Through  the  exertions  of  Baron  de  Zach,  an  association  of 
twenty-four  astronomers  was  formed.  These  observers  divided  the  zodiac  between  them,  and 
shortly  alter  tiie  commencement  of  the  present  century,  the  search  for  the  new  planet  was  fairly 
commenced.  But  the  discovery  did  not  fall  to  the  lot  of  any  of  those  who  had  undertaken  the 
search.  As  in  the  case  of  the  planet  Uranus,  an  apparent  aoddent  brought  the  first  discovered 
member  of  the  family  of  asteroids  under  the  notice  of  an  astronomer  who  richly  merited  such 
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%  mooBU,  thongh  actoallir  engaged  on  work  of  another  chamcter.    Piesii,  the  eminent  Italiaa 
astronomer,  at  work  on  his  great  catalogae,  was  carefolly  snrreying  the  constelhition  Tmamm, 
when  his  attention  was  attracted  by  an  apparent  chanfln  of  place  in  a  small  star,  which  he  had 
observed  on  the  first  day  of  the  present  oentaiy.    By  January  3,  1 801,  he  had  oonvinoed  him- 
self of  the  star's  change  of  place.    He  oonminnicated  his  discovery  to  Oiiani  and  Bode,  and 
continued  his  own  obeervationfl  nntil  Fehroary  11,  when  his  labours  were  intermpted   by 
dangerous  iUness.    When  his  letters  reached  Oriani  and  Bode,  the  planet  had  alrrady  ap- 
proached too  near  to  oonjunction  with  the  sun  to  be  discernible.    There  seemed  great  risk  that 
after  all  the  planet  would  escape  astronomers,  sinoe  it  would  not  be  discernible  before  September 
1801,  and  tlie  observations  of  Piazzi  were  deemed  insufficient  for  the  calcuiation  of  the  planet's 
place  after  so  long  an  interval    But  Grauas,  the  eminent  mathematician,  came  to  the  rescue, 
and  after  a  careful  study  of  all  the  observations  made  by  Piatzi,  he  f onned  an  ephemeris  of  the 
planet's  path  for  several  months  in  advance.    At  length,  after  an  arduous  search,  De  Zach 
redetected  the  planet  on  December  31,  1801 ;  Oibers  (independently)  discovering  it  on  the 
following  evening.    After  one  year  of  doubt  and  difficulty,  astronomers  had  succeeded  in  secur- 
ing a  w^-eamed  triumph  for  their  sdenoe.    It  was  found  that  the  new  planet  travels  at  a  mean 
distance  of  2767  from  the  sun,  the  earth*s  distance  being  unity,  while  Bode*8  law  had  indicated 
for  it  a  distance  of  2*8.    It  therefore  fulfilled  even  more  dosefy  than  was  to  have  been  expected 
this  empirical  law.    It  was  called  Ceres  by  Piasd. 

But  while  astronomers  were  congratulating  themselves  on  this  new  proof  of  the  ezistenoe  of 
law  and  harmony  within  the  solar  system,  a  fresh  discovery  threatened  to  throw  all  into  dis- 
order again.  While  searching  for  Ceres,  Oibers  had  noticed  with  special  care  the  arrangement 
of  the  small  stars  which  lay  near  its  assigned  geometric  path.  On  March  28,  1802,  while 
^yitminrng  a  put  of  the  coustellation  Virgo,  he  noticed  a  small  star  in  a  part  of  the  heavens 
which  had  tiius  been  rendered  familiar  to  him,  the  star  occupying  a  place  where  he  felt  sure  no 
star  had  been  visible  while  his  search  for  Ceres  had  been  in  progress.  In  two  hours  he  had  recog^ 
nised  the  planetary  motion  of  this  body.  By  April  28,  Gauss  had  assigned  to  the  newly  dis- 
covered planet,  which  received  the  name  Pallas,  an  orbit  having  a  mean  distance  very  little  less 
than  that  of  the  planet  Ceres.  Thus  there  wore  now  two  planets  where  only  one  had  been 
wanted  to  supply  the  gap  in  the  planetary  scheme.  Oibers  was  led  to  expect  that  others  would 
be  f omid ;  and  a  search  being  instituted  for  the  purpose  of  testing  this  view,  Harding  of  the 
lilienthal  Observatory  discovered,  on  September  2,  1804,  the  planet  Juno.  Next,  on  March 
20,  1807,  exactly  five  years  after  his  discovery  of  Pallas,  aiid  in  the  same  region  of  the  heavens, 
Oibers  discovered  Vesta. 

Thirty-eight  years  now  passed  before  any  further  addition  was  made  to  the  family  of  asteroids^ 
Astrsea,  diMovered  on  December  8,  1845,  being  tiie  fifth  in  order  of  recognition.  But  from  the 
discovery  of  Hebe,  on  July  1, 1847,  not  a  year  has  passed  without  adding  one  or  more  asteroids 
to  the  list  of  known  planets.  In  some  years  the  progress  of  discovery  has  gone  on  more  rapidly 
than  in  others.  Thus,  in  1861  ten  asteroids  were  diKovered ;  in  1868  twdve;  while  in  each  of 
the  years  1863  and  1869  only  two  were  discovered.  But  at  present  there  seems  to  be  no  reason 
to  expect  that  a  year  wfll  ever  pass  without  adding  to  the  list.  The  following  table  presents  all 
the  asteriods  discovered  up  to  the  date  of  writii:^,  with  the  name  of  the  discoverer  and  the  place 
and  date  of  discovery : — 


Ko. 

NaoM. 

Date  of  Dlscoreiy. 

Discoverer. 

Place  of  DliooTeij. 

I 

Ceres 

x8ox,  Jannsrj  x 

Piasd 

Palermo 

a 

PallM 

x8o3,  March  a8 

Oibers 

Bremen 

3 

Jtmo 

X804,  September  x 

Harding 

Lilienthal 

4 

Testa 

1807,  March  39 

Oibers 

Bremen 

5 

Astnea 

1845,  December  8 

Hencke 

Driessen 

6 

Hebe 

X847,  July  I 

Heneke 

Driassen 

I 

Iris 

August  X3 

Hind 

London 

Flora 

October  x8 

Hind 

London 

9 

Metis 

X848,  April  25 

Graham 

Markree 

20 

Hygeia 

X849,  April  x3 
X850,  May  IX 

DeOasparis 

Naples 

XX 

Parthenope 

DeOantatls 

Naples 

xa 

Victoria 

September  X3 

Hind 

London 

X3 

Egeria 

November  a 

DeOasparis 

Naples 

X4 

Irene 

185X,  May  tg 

Hind 

London 

15 

Eanomla 

Jal7  39 

DeOasparis 

Naples 

x6 

Psyche 

1852,  March  17 

De  Gasparls 

Naples 
BUk 

«7 

Thetis 

April  17 

Luther 

18 

Melpomene 

Jane  34 

Hind 

London 

X9 

Fortnna 

August  32 

Hind 

London 

AST 


48 


AST 


Ko. 

Kuno. 

Date  of  Disoovery. 

Discoverer. 

Place  of  Diseovery. 

ao 

Mnnfrflfa 

185a,  September  19 

DeGasparis 

Naples 

3X 

LnteUa 

Norember  25 

Goldschmidi 

Paris 

aa 

GalUope 

Noyember  x6 

Hind 

London 

33 

ThalU 

December  X5 

Hind 

London 

34 

Themis 

1853,  April  6 

DeGasparli 

Naples 

95 

PhOOM 

AprU6 

Chacomao 

Marseillel 

a6 

ProMrpins 

Luther 

Bilk 

a? 

Euterpe 

November  8 

Hind 

London 

a8 

BelloBA 

X854,  March  z 

Luthsr 

Bilk 

39 

Amphitrito 

March  x 

Marth 

London 

30 

Unnlft 

Jnlyaa 

Hind 

London 

31 

Buphroeyne 

September  z 

Ferguson 
Ooldschmidt 

Washingtoa 

3a 

Pomon* 

October  36 

Paris 

33 

PolThTinnla 

October  98 

Chacomao 

Paris 

34 

Circe 

iBss,  April  6 

Chacomao 

Paris 

35 

Leacothaa 

April  19 

Luther 

Bilk 

36 

AUUnto 

Octobers 

Ooldschmidt 

Paris 

11 

Fides 

Octobers 

Luther 

Bilk 

Leda 

X856,  January  za 

Chacomao 

Paris 

39 

LetitlA 

February  8 

Chacomao 

Paris 

40 

Harmonla 

March  3X 

Ooldschmidt 

Paris 

4X 

Dftphne 

May  aa 

Ooldschmidt 

Paris 

4a 

Uis 

Mayaa 

Pogson 

Oxford 

43 

Ariadne 

i8s7,AprUxs 
May  a7 

Posson 
Ooldschmidt 

Oxford 

44 

Njsa 

Paris 

45 

Eugenia 

June  a8 

Ooldschmidt 

Paris 

46 

Hestia 

August  z6 

Pogson 

Oxford 

47 

AglaU 

September  xs 

Luther 

Bilk 

48 
49 

Doris 

September  19 
September  19 

nolrfonhmfdl 

Paris 

Pales 

Ooldschmidt 

Paris 

50 

Virginia 

October  4 

Ferguson 

Washington 

5« 

1858,  January  aa 

Laurent 

Nismes 

5a 

Eoropa 

Februsry6 

Ooldschmidt 

Paris 

53 

Calypio 

April  4 

Luther 

Bilk 

54 

Alexandra 

September  xo 

Ooldschmidt 

Paris 

55 

Pandora 

September  xo 

Searle 

Albany,  IT.S. 

56 

Melete 

X857,  September  9 

Ooldschmidt 

Paris 

% 

Mnemosrna 
Concordia 

X859,  September  aa 

Luther 

Bilk 

x86o,  March  24 

Luther 

Bilk 

59 

SiK?^" 

September  la 

Chacomao 

Psris 

60 

September  xs 

Ferguson 

Wsshington 

6z 

BanaO 

September  x9 

Ooldschmidt 

ChatiUon-aoof-Bagnenz 

6a 

Erato 

October  xo 

Forster 

Berlin 

63 

Ausonia 

,       t86x,  February  xo 

DeGssparis 

Naples 

64 

Angelina 

March  4 

Tempel 

Msrseillea 

6S 
66 

Crbela 
Mua 

March  8 
April  9 

Tempel 
Tuttle 

Marseilles 
Cambridge,  U.S. 

67 

Ada 

April  Z7 

Pogson 

Madria 

68 

Leto 

April  39 

Luther    ^ 

Bilk 

69 

Hesperia 

^5** 

Schiaparefll 

Milan 

70 

Panopea 

Ooldschmidt 

Fontenay*anx-Bosea 

7X 

Niobe 

August  13 

Luther 

Bilk 

7a 

Feronia 

May  39 

Peters 

Clinton,  U.S. 

73 

ClyUe 

x86a,  April  7 

TntUe 

Cambridge,  U.& 

74 

Galatea 

August  39 

Tempel 

Marseilles 

75 

Eurydica 
Freia 

September  aa 

Peters 

Clinton,  U.S. 

76 

October  ax 

d'Arrest 

Copenhagen 
Clinton,  U.S. 

11 

Frlgga 

November  xa 

Peters 

Diana 

1863,  March  is 

Luther 

Bilk 

S 

Enrynonia 

September  X4 

Watson 

Ann  Arbor,  U.S. 

Sappho 

X864,  May  3 

Pogson 

Madras 

8x 

Terpsichore 

September  30 

TempeL 

MarselUea 

8a 

Alcmene 

November  37 

Luther 

Bilk 

83 

Beatrix 

x86s,  April  36 

DeOasparta 

Naplsf 
BUk 

84 

CUo 

Augustas 

Luther 

85 

lo 

September  19 

Petera 

Clinton,  U.S. 

86 

Semele 

x866,  January  6 

Tietjea 

Berlin 

U 

^iTia 
Ifhisbe 

Mayx6 

Pogson 

Madras 

Jnnexs 

Peters 

Clinton,  U.& 
Marseiliea 

89 

Jnlia 

August  6 

Stephen 
Luther 

90 

Antiope 

October  X 

Bilk 

9< 

JEgina 

November  4 

St^phaa 

Marseillei 

9a 

tJndlna 

1867,  July  7 

Peters 

Clinton,  U.& 

93 

Minerva 

August  84 

Watson 

Ann  Arbor,  U.S. 

AST 


U 


AST 


No. 

Name. 

Date  of  Diseorery. 

DliooTeiy. 

Place  or  Diaoorery. 

94 

99 
zoo 
zoz 

Z09 

Z03 
Z04 

109 

ZZO 

Aurora 

Arethusft 

^«le 

Clothe 

lanthe 

Dike 

Hecate 

Helena 

Miriam 

Hera 

Clymene 

ArtemJi 

Dione 

Camilla 

Hecuba 

Felicitai 

LydU 

1867,  September  96 
November  93 

z868,  February  17 
February  zy 
April  18 
May  99 
July  II 
August  16 

August  S9 

September  7 
September  13 
September  zo 
October  10 
November  zy 

Z869,  April  9 
October  9 

1870,  April  19 

Watson 
Lutker 

?«*•, 
Tempel 

Peters 

Borelly 

Watson 

Watson 

Peters 

Watson 

Watson 

Watson 

Watson 

Pogson 

Luther 

Peters 

Borelly 

Ann  Arbor,  U.S. 
Bilk 

MarseOlea 
MarseiUes 
Clinton.  U.a 
MarseiUes 
Ann  Arbor,  U.S. 
Ann  Arbor,  U.S. 
Clinton,  U.S. 
Ann  Arbor,  U.Sb 
Ann  Arbor,  U.S. 
Ann  Arbor,  U.S. 
Ann  Arbor,  U.& 
Hadraa 
Bilk 

Clinton,  U.& 
MarseiUes 

The  most  remarkable  characteristics  of  the  asteroids  are  their  BmaUness,  and  the  relatively 
wide  range  of  eccentricity  and  inclination  among  their  orbits.  Their  distances  vary  between 
about  200  and  more  than  300  millions  of  miles.  The  eccentricity  of  Polyhymnia  is  no  less  tbad 
'.3391 19,  BO  that  its  greatest  distance  is  more  than  twice  its  least.  The  inclination  of  Pallas  is 
34''  43',  so  that  the  excursions  of  this  planet  above  and  below  the  ecliptic  exceed,  when  taken 
together,  the  mean  distance  of  the  planet  from  the  sun. 

Leverrier  has  shown,  by  means  of  calculations  founded  on  the  secular  motion  of  the  perihelion 
of  Mars,  that  the  combined  mass  of  all  the  asteroids,  (discovered  and  undiscovered),  cannot 
greatly,  if  at  all,  exceed  one-fourth  of  the  mass  of  our  earth,  and  probably  bears  a  much  smaller 
ratio  to  the  earth's  mass. 

Professor  Kirkwood  of  America  has  shown  that  when  the  distances  of  the  asteroids  an 
arranged  in  order,  certain  well  marked  gaps  make  their  appearance.  In  other  words,  there  are 
no  asteroidt  having  meom  distanea  lying  near  certain  d^nite  values.  These  values  correspond  to 
distances  at  which  asteroids  would  revolve  in  periods  associated  with  the  period  of  Jupiter 
according  to  certain  simple  laws  of  oommensurability.  Professor  Kirkwood  deduces  conclu- 
sions favourable  to  the  general  principle  on  which  the  nebular  hypothesis  is  founded.  He  fur- 
ther compares  the  peculiarity  in  question  with  the  existence  of  a  great  gap  in  the  Satumian 
ring-system,  showing  that  a  satellite  revolving  within  that  gap  would  have  a  period  associated 
with  the  periods  of  the  inner  satellites  of  Saturn  according  to  simple  laws  of  oommensurability. 

ASTBOLABE.  (d(rr/)6Xa^f.)  An  instrument  used  by  ancient  astronomers  for  observ- 
ing the  stars.  Its  principle  resembled  that  on  which  many  modem  instruments  are  founded, — 
as  tlie  equatorial,  the  alt-azimuth,  and  the  theodolite.  It  consisted  mainly  of  graduated  circles, 
having  a  common  centre.  Sights  carried  round  these  drcles,  or  in  some  instances  ^e  motion 
of  the  circles  themselves,  served  to  indicate  the  ang^ular  distances  of  the  celestial  bodies  from 
each  other,  or  from  fixed  celestial  points  or  circles,  as  the  case  might  be.  The  instrument  was 
used  for  a  variety  of  purposes,  but  gradually  fell  into  disuse  after  Ptolemy's  invention  of  the 
stereographic  projection. 

ASTBOLOGy.  {Affrpov,  a  star;  Xeyto^  to  order,  arrange.)  This  term  should,  properly 
speaking,  be  used  to  indicate  what  we  now  understand  by  the  word  astronomy.  It  has  for  a 
long  time  been  limited,  however,  to  the  pretended  art  of  divining  future  events  from  the  motions 
of  the  stars.  In  this  sense  it  is  conmionly  spoken  of  as  **  judicial  astrology,"  because  its  pro- 
fessors pretended  to  form  a  judgment  respecting  future  events. 

So  long  as  men  supposed  the  earth  to  be  the  centre  of  the  universe,  a&d  the  sun,  moon,  stars, 
and  planets  to  be  all  intended  for  her  benefit,  there  was  something  not  altogether  unreasonable 
in  the  belief  that  each  of  the  celestial  bodies  exerts  its  own  peculiar  influences.  If  the  sun 
pours  more  light  and  heat  on  the  earth  at  certain  times  than  at  others,  it  was  conceivable  that 
the  special  action  which  each  planet  and  star  was  intended  to  exert  would  also  vary.  It  only 
remained  to  determine  (or  failing  the  possibility  of  this,  to  ^meif )  what  was  the  nature  of  the  influ- 
ence exerted  by  each  celestial  body,  and  under  what  drcumstanoes  such  influence  was  most  power- 
fully cidled  into  action,  in  order  to  be  able  to  form  an  opinion  as  to  the  condition  of  the  objects 
affected  by  the  celestial  influences.  And  since  it  was  possible  to  determine  beforehand  where 
the  celestial  bodies  would  be  given  at  any  time,  it  would  follow  that  men  could  anticipate  the 
future  fate  of  all  creatures  thus  affected,  as  certainly  as  they  could  predict  the  season  of  harvest 
or  of  vintage.  Assume  only  that  mankind  is  included  among  the  creatures  whose  lot  is  influ- 
enced by  the  motions  of  the  celestial  bodies,  then  precisely  as  ont  can  predict  that  a  seed  sown 
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oat  of  due  season  \nll  not  genninate,  so  one  can  predict  that  a  man  bom  when  the  planets  were 
exerting  nnf avourable  inflnenoes  will  be  unsnccessful  in  life. 

When  we  consider  that  in  the  infancy  of  astronomy  there  appeared  just  this  germ  of  reason 
in  the  views  of  astrologers,  iLis  hardly  to  be  wondered  at  that  astrology  should  in  old  times  have 
taken  a  firm  hold  of  men's  minds,  or  that  even  now  it  should  be  found  by  charlatans  an  ever 
ready  means  of  deceiving  the  ignorant.  Considering  how  ready  men  have  been  to  draw  con- 
clusions respecting  the  future  from  circumstances  which  seem  to  have  absolutely  no  bearing 
whatever  on  future  events,  as  from  the  condition  of  the  entrails  of  •■tiitwa1«^  from  lines  on  the 
hand,'  and  even  from  the  oombinationfl  of  playing  cards — it  it  not  surprising  that  the  influences 
which  the  planets  and  stars  might  reasonably  enough  be  supposed  to  exert,  should  be  eagerly 
studied,  and  the  lesson  of  futurity  seem  clearly  legible  in  the  calculated  motions  of  these  orbs. 

It  would  certainly  not  be  fitting  that  men  of  the  present  age  should  sneer  overmuch  at  the 
credulity  of  those  who  in  olden  times  believed  unquestioningly  in  the  decrees  of  judicial  astrology. 
It  would  be  well  if  all  the  superstitions  which  live  in  our  cUby  had  even  that  small  basis  of  pro- 
bability on  which  the  ancients  rested  their  belief  in  stellar  influences. 

It  is  against  the  founders  of  the  doctrine  of  astrology,  rather  than  against  those  who  put  faith 
in  them,  that  our  diatribes  shotdd  be  directed.  It  is  impossible  to  conceive  that  they,  at  any 
rate,  had  any  belief  in  what  they  taught.  They  must  have  formed  the  laws  of  their  pretended 
science  entirely  at  random,  being  at  pains,  indeed,  to  give  reasons  for  their  selection  of  such  and 
such  influences,  as  assodable  wiUi  such  and  such  celestiid  bodies ;  but,  undoubtedly,  consdouB 
that  the  selection  had  been  made  at  random.  It  is  only  necessary  to  mention  a  few  of  their 
pretended  laws  of  divination  to  see  that  this  is  so.  Saturn  and  Mars  were  supposed  to  exert 
evil  influences,  while  Venus  and  Jupiter  were  benignant,  and  Mercury  and  the  sim  indifferent. 
Dividing  the  heavens  into  12  houses  by  certain  circles,  ihey  called  the  first  house  the  "house 
of  IHe ;  *'  the  second,  "  the  house  of  ri<mes ; "  the  rest,  in  order,  referring  to  "  brothers,  parents, 
childrraa,  health,  marriage,  death,  religion,  dignities,  friends,  and  enemies."  The  planetaiy 
aspects  were  characterised  in  a  similarly  arbitrary  manner ;  opposition  and  quadrature  being 
nudignant,  trine  and  sextUe  benignant,  and  conjunction  indifferent. 

But,  perhaps,  the  most  remarkable  part  of  tiie  history  of  astrology  is  that  which  belongs  to 
the  period  immediately  following  the  invention  of  the  telescope.  The  professors  of  astrology 
set  themselves  busily  to  work  to  find  soitable  influences  for  the  spots  on  the  sun,  the  satellites 
of  Jupiter,  and  so  on.  Nay,  we  find,  that  even  observers  of  repute  were  willing  to  devote  a 
large  part  of  the  treatises,  hi  which  liiey  described  their  diMX>verie8,  to  the  attempt  to  explain 
the  influence  of  newly-discovered  objects  on  the  lives  and  fortunes  of  men. 

It  is  fortunate  for  the  charlatans  who,  in  our  day,  profess  to  believe  in  astrology,  that  they 
have  not  felt  bound,  like  their  predecesson,  to  assign  suitable  influences  to  all  the  celestial 
objects ;  since,  otherwise^  the  zone  of  asteroids  and  Uie  periodic  comets  would  have  painfully 
taxed  their  inventive  powers. 

ASTBOMETER  {Affrpof,  a  star ;  and  /Urpop,  a  measure.)  An  instrument,  devised  by 
Sir  John  Herschel,  for  estimating  the  brightness  of  the  fixed  stars.  The  essential  object  of 
the  instrument  is  to  bring  an  image  of  Jupiter,  the  moon,  or  some  other  object  of  recognised 
brightness,  into  direct  comparison  with  a  star,  so  that  star  and  image  are  seen  in  the  same 
direction.  By  adjusting  the  distance  of  the  image,  so  that  it  appears  equal  in  brightness  to  the 
star,  and  measuring  tins  distance,  the  lustre  of  the  star  is  readily  determined. 
Bouguer  applied  the  term  astrometer  to  the  heliometer. 
ASTRONOMICAL  EYE-PIECB.    See  Negative  Eye^pieee, 

ASTBONOMY.  (A^pw,  a  star;  W/iw,  to  classify).  The  science  which  deals  with  the 
distribution,  motions,  and  characteristics  of  the  heavenly  bodies. 

There  can  be  little  doubt  that  astronomy  is  the  most  ancient,  as  in  certain  respects  it  is  the 
most  noble,  of  the  sciences.  From  the  earliest  ages,  thoughtful  men  have  contemplated,  with 
interest  and  wonder,  the  phenomena  presented  by  the  celestial  bodies ;  so  that  it  is  not  without 
reason  that  (rassendus  has  ascribed  the  birth  of  astronomy  to  admiration.  And  gradually,  as 
one  phenomenon  after  another  was  detected,  it  began  to  be  recognised  that,  independently  of  its 
singular  charm,  the  study  of  the  heavens  may  be  made  to  subserve,  in  an  important  manner, 
the  interests  of  the  human  race.  By  supplying  convenient  modes  of  measuring  time,  and  mark- 
ing the  progress  of  the  seasons,  by  i&ording  the  traveller  a  means  of  guiding  his  course  over 
pathless  wastes,  or  the  wide  expanse  of  ocean ;  and,  later,  by  supplying  exact  means  of  measur- 
ing and  surveying  the  earth,  the  *' stars  in  tiieir  courses  "  minister  importantly  to  the  wants 
of  men.  It  has  been  in  relation  to  these,  and  other  useful  purposes,  that  praettcal  astronomy 
has  been  specially  cultivated.  During  the  progress  of  observations  xnade  in  pursuance  of  su<m 
objects,  there  have  arisen  numberless  questions  of  interest  associated  with  the  laws  of  the 
celestial  motions^  and  the  physical  attribates  of  the  celestial  bodies.    In  the  examination  of 
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these  questions  phytieal  astronomy  has  taken  its  rise.    These  important  divisiona  of  the  scieiice 
have  progressed  for  many  ages  on  parallel  oonrses,  though  not  always  pari  pattu. 

There  are  few  questions  which  have  given  rise  to  more  discussion,  and  have  led  to  less  sati*- 
factoiy  conclusions,  than  the  problem  of  detenuining  to  which  nation  of  antiquity  the  origin  of 
astronomy  is  to  be  attributed.  The  Chaldeans  have  been  considered  by  many  as  the  first  who 
studied  the  science,  and  we  haye  undoubted  eyidence  that  at  a  yeiy  early  epoch  observatioiia  of 
considerable  accuracy  were  made  at  Babylon.  Calisthenes  transmitted  to  Aristotle  obeeryatioiiB 
made  thero  about  2250  yean  before  Christ.  The  invention  of  the  Saros  (see  Cyde)  indicates 
also  an  accuracy  of  observation,  and  an  attentive  scrutiny  of  results,  which  force  as  to  form  a 
high  opinion  of  the  Chaldean  astronomers.  Some  even  have  supposed  that  they  had  deter- 
mined the  true  nature  of  the  planetary  motions ;  but  the  evidence  on  this  point  is  too  vague 
and  unsatisfactory  to  be  accepted.  Chinese  astronomy  has  high  claims  to  antiquity,  but  the 
accuracy  of  the  older  Chinese  observations  is  more  thacn  questionable.  The  phenomena  recorded 
in  the  works  of  Confucius  are  merely  announced  as  facts,  not  with  astronomical  accuracy.  M. 
BaiUy  has  discovered  that  a  conjunction  of  Mars,  Jupit^,  Saturn,  and  Mercury,  adopted  as  an 
epoch  by  the  Emperor  Chwen-hio,  occurred  on  February  28,  B.O.  2449,  between  a  Arietis,  and 
the  Pleiades.  In  the  reign  of  the  Emperor  Chou-kang,  the  chief  astronomers  Bo  and  Hi  (pro> 
bably  these  were  the  names  of  their  offices)  were  condemned  to  death  for  having  neglected  to 
announce  a  solar  edipse,  which  took  place  B.O.  2169.  It  has  recently  been  shown  by  Mr.  Wil- 
liams,  Assistant  Secretary  of  the  Astronomical  Society,  that  die  chief  characteristics  of  modem 
Chinese  astronomy,  and  especially  the  instruments  now  in  use,  were  introduced  by  the  Jesuit 
missionaries.  StUl  there  can  be  no  doubt  that  in  very  ancient  times,  long  before  the  age  of 
Meton  in  fact,  the  Chinese  were  in  possession  of  the  Metonic  and  Calippic  cycles.  The  claims 
of  the  Hindus  to  be  the  inventors  of  astronomy  have  given  rise  to  much  dispute.  Bailly  re- 
garded the  Hindu  astronomy  as  exceedingly  ancient,  but  as  founded  on  a  yet  more  ancient 
astronomy,  the  invention  of  the  Atlantides.  An  argument  of  considerable  weight  against  the  in* 
yention  of  their  own  system  by  Hindu  astronomers,  is  founded  on  the  circumstance,  that  in  their 
sacred  books  astronomical  phenomena  and  relations  are  described  which  belong  to  a  latitude 
mudi  farther  nortli  than  that  of  Benares.  But,  weighty  as  this  argument  is,  M.  Bailly  laid 
too  much  stress  upon  it  when,  without  direct  evidence  of  any  sort,  he  invented  a  natiooi,  as- 
signed that  nation  a  local  habitation  and  a  name,  and  attributed  to  them  learning  so  high,  as  to 
justify  the  remark  of  d'Alembert,  that  they  would  seem  te  have  taught  mankind  everything 
except  that  the  Atlantides  ever  existed. 

Kecently,  Professor  Piam  Smyth,  Astronomer  Koyal  for  Scotland,  has  pointed  to  many  strik- 
ing evidences  in  favour  of  the  view  that  the  architects  of  the  Great  Pyramid  were  acquainted 
with  many  astronomical  facts  usually  regarded  as  modem  discoveries ;  and  as  he  places  the  con- 
struction of  this  pyramid  in  a  far  antiquity,  it  would  follow,  if  we  accept  his  inferences,  that  the 
nation  which  built  the  pyramid  were  the  real  inventors  of  astronomy.  He  points  out  reasons 
for  believing  that  the  astronomical  epoch,  to  which  the  Great  Pyramid  corresponds,  is  the  last 
occasion  when-  the  star  a  Draoonis,  was  3°  42'  from  the  pole  of  the  heavens,  or  2170  B.C.  At 
this  period  the  Pleiades  were  almost  exactly  opposite,  and  a  Draconis  in  Right  Ascension ;  but 
they  were  "  in  a  most  peculiar  cosmical  position,  well  worthy  of  being  monumentally  commemo- 
rated, for  they  were  actually  at  the  commencing  point  of  all  right  ascension,  or  at  the  very 
beginning  of  running  that  grand  round  of  stellar  chronological  mensuration  which  takes  25,868 
years  to  return  into  itself  again,  and  has  been  termed  elsewhere,  for  reasons  derived  from  far 
other  studies  than  anything  hitherto  connected  with  the  Great  Pyramid,  the  great  year  of  the 
PleiacUe"  It  must  be  remarked,  however,  that,  striking  and  most  interesting  as  are  many  of 
the  relations  pointed  out  by  Professor  Smyth,  one  must  not  accept  without  extreme  caution 
results  founded  on  mere  numerical  coincidences.  There  have  been  instances  in  which  the  most 
striking  coincidences  have  been  proved  to  be  mere  accidents.  One  even  of  those  insisted  upon 
by  Professor  Smyth  must  be  regarded  as  accidental.  He  riiows  that  the  sum  of  the  diagonals 
of  the  pyramid's  ba^e  amoimts  to  25,836  inches,  corresponding  closely  to  the  number  of  years 
in  the  great  precessional  cycle,  according  to  the  best  and  latest  researohes.  But  elsewhere  he 
remarks  that  a  side  of  the  pyramid's  base  contains  as  many  sacred  cubits  (each  25  British  inches) 
as  there  are  days  in  the  year — i.e.,  365*25.  One  of  these  relations  must  of  necessity  be  acci- 
dental, since  the  length  of  the  side  determines  the  length  of  the  diagonal;  while  there  is  no  con- 
nection at  all  between  the  number  of  days  in  the  year  and  the  number  of  years  in  the  great 
precessional  cycle. 

The  astronomy  of  the  Greeks  seems  to  have  been  derived  from  the  Egyptians.  The  founder 
of  the  Ionian  or  earliest  school  of  Greek  astronomy  was  Thales  of  Miletus  (a.d.  600).  He 
exhibited  the  nature  of  the  lunar  and  solar  motions,  explained  the  inequality  of  the  days  aod 
nights  in  different  seasons,  and  determined  the  length  of  the  solar  year.    To  him  also  has  been 
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attributed  the  selection  of  the  Lesser  Bear  in  place  of  the  Greater,  as  a  polar  oonstellation.  A 
century  later  Pythagoras  made  important  advances  in  astronomy.  He  exhibited  the  spherical 
shape  of  the  earth,  and  is  held  by  some,  though  on  insufficient  grounds,  to  have  taught  that  the 
sun  is  the  centre  of  the  planetary  motions.  What  he  really  taught,  aocordine  to  the  statement 
of  Philolaus,  was,  that  "  the  earth  and  planets  move  in  oblique  circles  (or  ellipses)  about  fire, 
as  the  sun  and  moon  do."  It  may  be  that  the  last  words  were  added  by  PhUolaus,  in  which 
case  we  may  believe  that  Pythagoras  had  discovered  the  true  system.  But  the  evidence  is  too 
vague  for  any  confident  belief  on  this  point.  To  the  Ionian  school  belongs  the  honour  of  having 
invented  the  Metonic  Cycle,  though  some  doubt  exists  whether  Meton  detected  the  period 
which  bears  his  name. 

Eudoxus  of  Gnidus,  (who  died  about  B.o.  368),  determined  the  length  of  the  lunar  month, 
and  adopted  the  year  of  365^  days.  He  waa  among  the  earliest  to  deal  with  the  difficulties 
which  the  looped  paths  of  the  planets  oppose  to  the  theoiy  that  the  earth  is  the  centre  of  the 
planetary  motions. 

Passing  over  the  work  of  Timocharis,  Aristyllus,  and  ApoUonius  of  Perga,  we  come  to  the 
most  eminent  of  all  the  astronomers  oi  old,  the  famous  Hipparchus  of  Nicsea.  He  was  essen- 
tially a  student  of  practical  astronomy.  He  estimated  the  length  of  the  tropical  year  within 
4^  minutes  of  its  true  value,  determined  the  mean  motion  of  the  sun,  detected  the  eccentricity 
of  the  solar  orbit,  and  assigned  the  places  of  its  apogee  and  perigee.  He  examined  the  lunar 
motions  with  equal  care,  determining  the  motion  of  the  moon*s  nodes  and  of  her  apogee,  the 
eccentricity  of  her  orbit,  the  equation  of  her  centre,  and  her  mean  inclination.  He  constructed 
tables,  invented  processes  resembling  those  of  plane  and  spherical  trigonometry,  and  devised  the 
Application  of  parallax  to  determine  the  distances  of  celestial  objects.  He  also  formed  a 
catalogue  of  108 1  stars,  which  has  been  justly  termed  "one  of  the  most  valuable  bequests  of 
antiquity.'*  The  greatest  of  his  works»  however,  was  his  discovery  of  the  preccision  of  the 
equinoxes.    (See  Precemon.) 

Ptolemy  is  chiefly  famous  as  the  inventor  of  the  system  which  bean  his  name,  {PtclenuUc 
SysteMy)  though  the  work  he  did  as  an  observer  has  been  altogether  more  valuable  to  tiie  science 
of  astronomy.    He  discovered  the  lunar  evection. 

Between  the  age  of  Ptolemy  and  the  foundation  of  modem  astronomy  we  find  the  students  of 
the  sdenoe  chiefly  occupied  in  endeavouring  to  reconcile  the  celestial  motions  with  the  prindples 
of  the  Ptolemaic  System.  Grood  work  was  indeed  done  by  Arabian  and  Persian  astronomers 
during  «that  long  interval ;  but  the  belief  in  an  erroneous  theory  vitiated  the  whole  series  of 
labours  carried  on  by  astronomers. 

With  the  researches  of  Nicholaus  Copemik,  (who  died  in  Z543)  modem  astronomy  may  be 
said  to  have  taken  its  rise.  Though  unable  to  get  rid  entirely  of  the  complexities  and  difficulties 
which  surrounded  the  Ptolemaic  system,  yet  by  placing  the  sun  in  the  centre  of  the  planetary 
scheme,  and  by  showing  the  earth  to  be  but  a  member  of  the  sun's  family,  he  exhibited  a  sim- 
plicity and  harmony  in  the  solar  system  which  it  had  hitherto  wanted.  (See  Copemican 
System.) 

Tycho  Brahe  endeavoured  to  replace  the  earth  at  the  centre  of  the  universe,  (see  Tychonie 
System,)  but  the  observations  which  he  carried  out  with  the  special  intention  of  overthrowing 
the  Copemican  System,  became  in  the  hands  of  Kepler  the  means  of  establishing  that  system 
on  a  firmer  foundation.    (See  KepUrian  System.) 

The  publicaticKn  of  Kepler's  two  first  laws  (in  1609),  and  the  almost  simultaneous  announce- 
ment by  Galileo  of  the  discovery  of  Jupiter's  satellites,  the  phases  of  Venus,  and  a  number  of 
other  phenomena  having  an  obvious  relation  to  the  new  views  respecting  the  universe,  led  all 
the  more  advanced  astronomers  to  accept  with  confidence  the  Copemican  System.  But  it  was 
not  till  Newton  had  established  the  theory  of  gravitation  {q.  v.),  that  the  trae  system  can  be 
said  to  have  been  placed  beyond  a  doubt.  So  long  as  the  motions  of  the  planets  were  regarded 
with  simple  reference  to  Idnematical  principles,  there  was,  in  fact,  no  real  means  of  de- 
monstrating that  Tyoho  Brahe's  system  was  not  the  true  explanation  of  the  celestial 
motions.  It  was  only  when  men  began  to  recognise  the  dynamical  prindples  involved  in  th.e 
planetary  motions  that  it  became  imposrable  for  them  to  accept  the  earth  as  the  centre  of 
those  movements. 

Bradley's  discovery  of  the  sbberration  of  the  edesUal  bodies,  {q.  v.),  supplied  a  new  and  perfect 
demonstration  of  the  Copemican  theory.  But  the  events  whidi  have  characterised  the  progress 
of  astronomy  since  the  time  of  Newton  fora:!  parts  of  a  system  too  wide  to  be  dealt  with  in 
this  section.  The  reader  is  therefore  referred  to  separate  headings  for  an  account  of  the  dis- 
coveries made  in  the  various  departments  of  modem  astronomy.  It  is  imnecessary  to  point 
out  what  those  headings  are,  but  it  may  be  remarked  that  imder  such  general  headings  as 
The  SoloT  System,  Planuts,  NdnUa,  Stars,  Comets,  and  so  on,  the  reader  will  find  mentioned  tho 


AST 


48 


ATL 


headings  of  the  aubordinftte  subjects  whose  study  may  be  neoessary  to  complete  his  genflnd 
SQzrey  of  the  science. 

Among  the  unmense  number  of  treatises  whidi  haye  been  written  on  astronomy,  we  may 
select  for  special  mention,  Belambre's  Histoire  cTAitrononUe,  and  his  TraiU  d^AUronomie^ 
Thioraique  et  Pratique^  Sir  John  Herschel's  OtUUnei  cf  AtUvnomy,  and  Professor  Grant's 
Hiitory  cf  Phynoal  Astnmomy, 

ASTRO-PHOTOMETEB.  An  instrument  described  by  Zollner  for  measuring  the  intensity  of 
the  light  of  celestial  bodies.  Its  description  is  too  complicated  to  be  understood  without  woodeata^ 
but  it  is  described  in  ZoUner's  *'  Gnmdztige.  einer  allgemeinen  Photometric  des  Himmels,  Berlin, 
i86x."  The  following  intensities  were  obtained  by  Zollner  by  comparing  the  sun  or  planets 
with  a  AurigtB  ;  he  found  that  the  intensity  of  the  sun  was  55,760,000,000  times  that  of  Capella^ 
with  a  probable  eiror  of  about  5  per  cent.    Hence  for  the  intensity  of  the  mean  opposition — 

Prob.  oiror. 
Sun  =3  6,994,000,000  times  Mars, 5'S  P^  <^^t. 


Sun  s  5,472,000,000 
San  =  130,980,000,000 
Sun  a  8,486,000,000,000 
Sun  =  79,620,000,000,000 
Sun  =3        619,600 


9f 


Jupiter, 
Saturn  (without  the  ringX 
Uranus,  .  .  •  . 
N^eptune,  .        •        • 

Full  Moon, 


And  by  comparing  surfaces,  Sun  =  618,000  times  Full  Moon, 


57 

6*o 

55 
27 
v6 


From  the  above  it  follows  that  our  sun,  at  a  diBitance  of  372  years>way  of  light,  would  appear 
like  GapeUa  with  a  panUex  of  0*874  Mccmda.  Zollner  found  the  reflecting  power  to  be  as  fol- 
lows:— 


Moon, 
Mars, 
Jupiter, 


0-1736 
0-2672 
0*6238 


Saturn, 0*4981 

Uranus, 0*6400 

Neptune,  •        •        t        .      0*4648 


For  the  sake  of  comparison,  we  give  the  following  detenninations  of  the  reflecting  power  of 
terrestrial  substances. 


Begular  reflection — 
Mercury,    . 
Speculum  metal, 
Glass, 

Obsiddan,  .        • 
Watec^       • 


0*648 

0*555 
0*040 

0-032 

0'02I 


By  diffused  reflected  light- 
Snow  just  fallen,  .  •  •  0*783 
White  paper,  .  .  .  0*700 
White  sandstone^  .  •  .  0*237 
Clay  marl,  ....  0*156 
Quartz  poiphyiy,  •  •  0*108 
Moist  soil,  .  •  •  •  0*079 
Dark  gray  syenite,         •  •  0*078 

ATACAMITE.    See  Copper. 

ATHERMANCY.  (a,  not ;  eipiiiu  l^eat)  A  term  introduced  by  Mellon!  to  designate  the 
property  of  stopping  the  passage  of  ra^ant  heat.  It  is  thus  the  opposite  of  diathermancy,  and 
corresponds  to  opacity  in  the  case  of  light ;  in  fact,  an  athermanous  substance  is  sometimes 
spoken  of  as  being  opaque  to  heat.    (See  also  I>iathemiancy.) 

ATLANTIC  TELEGRAPH.  Information  ss  full  as  our  limits  permit  on  the  subject  of 
telegraphy  in  general,  and  submarine  telegraphy  in  particular,  will  be  found  imder  the  heads 
Tel^rapk  and  Cable,  Submarine,  Here  we  propose  to  give  a  few  details  on  the  subject  of  the 
construction  and  working  of  the  Atlantic  cables. 

The  credit  of  originating  the  idea,  or  at  least  of  maturing  it,  is  due  to  Mr.  Cyrus  W.  Field ; 
but  probably  no  undertaking  of  the  kind  ever  before  engrossed  the  attention  and  called  to  its 
aid  tlie  powers  of  bo  many  scientific  men,  mathematicianB,  electricians,  and  engineers,  and  none 
ever  aided  pure  science  so  much  by  assisting  diKX)very  and  stimulating  research.  Peculiar 
difficulties  which  had  not  been  encountered,  or  had  only  been  encountered  to  a  very  small 
extent  in  the  previous  short  lines,  were  met  with,  both  in  engineering  and  in  electric  testing 
and  signalling  ;  and  the  talent  of  England  and  America  were  called  into  play  to  overcome  them. 
We  regret  that  our  space  does  not  permit  us  to  tell  the  exciting  story  of  the  many  trials  and 
failures,  of  the  steady  persevenmce  and  indomitable  energy  and  courage  of  the  promoters  and 
undertakers  of  the  scheme,  of  the  triumph  over  difficulties  and  successful  laying  of  the  1866 
cable,  and  of  the  still  greater  feat,  the  recovery  and  completion  of  the  lost  1865  cable ;  for 
these  we  refer  our  readers  to  The  Atlantic  Telegraph,  by  Dr.  W.  H.  Russell. 

In  1857,  the  first  attempt  to  lay  an  Atlantic  cable  was  made.  Starting  from  Yalentia,  330 
knots  were  submerged  when  the  cable  broke,  owing  to  defective  paying-out  machinery.     In 
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the  Bummer  of  1858,  the  same  cable  was  taken  on  board  by  the  "  Niagara"  and  "  Agamemnon ;" 
a  splice  was  made  in  the  middle  of  the  Atlantic,  and  the  vessels  oommenced.paying  ont.  Thrice 
the  cable  broke,  but  at  the  fourth  trial  the  operation  was  successful,  and  a  cable  connected 
Ireland  with  Newfoundland.  Unfortunately  there  was  a  slight  fault  in  the  cable,  which  rapidly 
became  worse  and  worse,  till  after  a  few  days  communication  altogether  ceased ;  not,  how- 
ever, before  several  messages  had  been  transmitted  and  the  feasibility  of  an  Atlantic  Telegraph 
had  been  demonstrated.  Between  1857  and  1858,  Sir  William  Thomson  had  showed  the  great 
difference  in  the  conductivity  of  various  specimens  of  copper  wire,  and  had  proved  that  proper 
selection  of  copper  wire  may  increase  the  speed  of  telegraphing  by  at  least  30  per  cent.  The 
mirror  and  marine  galvanometers  had  also  been  invented,  and  were  used  in  signalling  through 
the  cable  in  1858,  and  in  testing  on  board  the  vessel. 

The  1858  cable  consisted  of  seven  copper  wires  twisted  into  one  strqnd,  a  number  of  wires 
being  used  instead  of  a  single  thick  one,  in  order  that  if  one  should  breaJc  from  twisting  or 
bending  the  cable,  or  in  any  other  way,  the  continuity  of  the  conductor  mav  not  be  destroyed. 
Over  these  gutta  percha  was  laid  in  three  coatings,  and  the  whole  protected  by  eighteen  strands 
of  iron  wire,  each  strand  being  composed  of  seven  wires,  which  were  laid  spindly  round  the 
core,  being  separated  from  it  by  a  padding  of  hemp  saturated  with  tarry  mixture.  The  weight 
was  20  o^  per  knot  in  air,  and  13*4  cwt.  in  water,  and  its  breaking  strain  was  3  tons  5  cwts,  so 
that  the  cable  would  bear  a  little  less  than  five  miles  of  itself  suspended  in  water.  The  dis- 
tance from  Ireland  to  Newfoundland  is  1670  miles^  and  2174  miles  of  the  cable  were  shipped  for 
the  purpose  .of  laying. 

^ter  the  loss  of  tkm  cable  great  difficulty  was  experienced  In  obtuning  the  requisite  funds 
to  carry  on  the  construction  and  laying  of  another ;  and  though  those  who  were  most  competent 
to  judge  were  the  most  sanguine  about  the  ultimate  success  of  the  undertaking,  it  was  not  till  1865 
that  a  new  cable  was  made  and  sent  to  sea.  In  the  meantime  great  advance  had  been  made  in 
the  knowledge  of  the  true  principles  of  submarine  telegnnhy,  and  the  mechanical  arrangements 
for  submerging  a  cable  had  been  very  much  improved.  The  "Great  Eastern"  took  the  cable  on 
board,  and  commenced  the  laying  from  Vslentia  on  the  23d  of  July  1865.  AU  went  well, 
though  many  difficulties  were  encountered,  till  the  2d  of  August,  when,  as  the  cable  was 
being  hauled  back,  in  order  to  remove  a  faulty  portion  paid  out,  it  chaffed  against  the  bows  of 
the  '*  Great  Eastern,'*  parted,  and  went  overboard  in  2000  fathoms  of  water,  the  length  of 
cable  paid  out  being  1 186  miles,  and  the  distance  from  Heart's  Content^  Newfoundland,  6066 
miles. 

After  several  attempts  to  recover  the  cable  by  drifting  over  the  spot  with  grapnels  trailing, 
during  which  they  hooked  it  and  almost  dragged  it  on  board,  they  were  forced  through  defec- 
tive piddng-up  machinery  to  abandon  the  enterprise  for  the  time,  but  with  the  satisfaction  of 
having  proved  the  probability  of  success.  Next  year  another  cable  was  ready,  and  the  "  Great 
Eastern  "  again  started  from  Valentia»  and  laid  it  almost  without  a  hitch.  Then  came  aeam 
the  grand  engineering  experiment  of  picking  up  the  lost  one  ;  and  on  the  2d  of  September  1 866, 
Sir  Samuel  Canning  telegraphed  to  Sir  Bichard  Glass  that  he  had  much  pleasure  in  speaking  to 
him  through  the  ITO5  cable.    The  cable  was  completed  on  the  8th  of  September. 

The  form  of  these  cables  is  much  the  same.  The  copper  conductor  consists  of  seven  wires 
(gauge  No.  18),  weighing  800  lbs.  per  nautical  mile.  These  are  made  into  a  single  strand,  and 
are  embedded  in  a  pitchy  mixture  called  Chatterton's  compound.  Over  this  are  hid  four  layers 
of  gutta  percha  alternately  with  three  of  Chatterton's  compound,  the  diameter  of  the  core  thus 
formed  being  0*464  inches.  The  object  of  using  so  many  coatings  is,  that  if  an  air  bubble 
should  occur  in  any  one  of  them,  the  great  pressure  to  which  the  cable  is  exposed  may  not  be  able 
to  force  water  completely  through  to  the  conducting  wire,  and  thus  to  effect  the  destruction  of 
the  insulation.  The  external  protection  consists  of  10  solid  wires  (No.  13  gauge),  surrounded 
separately  by  Manilla  yam,  which  has  been  saturated  with  a  preservative  compound,  and  these 
ara  laid  spirally  round  the  core  previously  padded  with  hemp.  The  weight  in  air  is  35  cwt.  3 
qrs.,  and  in  water  14  cwt.  per  knot ;  and  the  breaking  strain  is  7  tons  15  cwt — that  is,  the 
cable  would  bear  1 1  nautical  miles  of  itself  suspended  in  water.  The  deep«rt  water  was  2400 
fatiioms.  The  length  of  the  1865  cable  is  1896  knots,  and  of  the  1866  cable  1858  knots ;  the 
total  resistance  of  the  1865  cable  is  7604  B.A.  units,  that  of  the  1866  cable  7209  B.A.  units ; 
and  the  resistance  of  the  gutta  percha  insulator  per  knot  is  2437  millions  of  B. A  units  after 
one  minute  electrification,  and  it  r&es  to  7000  millions  of  B.A.  units  after  being  electrified  for  30 
minutes. 

The  battery  used  for  sending  is  that  which  we  have  described  under  the  name  of  Menotti's 
battery,  though,  we  believe,  it  has  been  invented  by  a  number  of  electricians,  and  is  called  by 
many  names.  Twenty  cells  are  used,  though  not  more  than  twelve  are  necessary.  The  receiving 
instrument  is  Thomson's  Galvanometer.    (See  BfJUctinff  Oalvanometer.)    The  alphabet  ia  made 
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by  the  vibrations  of  the  spot  of  light  to  the  one  side  or  to  the  other.  Under  Electricity,  Vdo- 
cUy  of,  we  have  spoken  fully  of  the  nature  of  the  charging  and  discharging  of  such  a  cable  as 
the  Atlantic,  and  it  will  be  readily  understood  from  what  we  have  said  there  that  reading  by 
an  instrument,  such  as  any  of  those  in  use  in  ordinary  telegraphy,  would  be  very  slow  indeea. 
We  should  have  to  wait  for  each  signal  until  the  cable  was  completely  or  nearly  completely 
charged ;  but  by  the  delicate  reflecting  galvanometer  the  very  commencement  of  the  electric 
flow  may  be  observed. 

In  order  to  obviate  as  far  as  possible  the  effects  of  induction,  an  arrangement  due  to  Mr. 
Varley  is  made  use  of.  At  Yalentia  the  cable  is  connected  with  one  coating  of  a  condenser  of 
very  great  capacity,  the  galvanometer  being  placed  between  the  condenser  and  the  cable.  When 
signals  are  to  be  sent  from  Newfoundland,  the  other  coating  of  the  condenser  is  kept  connected 
with  the  earth.  At  each  depression  of  the  sending  key  a  flow  of  electricity  takes  place  into  the 
condenser,  or  out  of  it,  as  the  case  may  be,  and  the  flow  backwards  and  forwards  taking  place 
through  the  galvanometer  gives  rise  to  motion  of  the  spot  of  light,  thus  producing  signals. 
Again,  when  Yalentia  telegraphs  to  America,  the  condenser  is  electrified  positively  or  nega- 
tively by  induction,  and  gives  rise  to  a  corresponding  flow  backwards  or  forwards  through  Uie 
cable.  By  this  arrangement  the  prolongation  of  the  signal  (See  Electricity,  Velocity  of)  is 
avoided  ;  and  as  there  is  no  proper  voltaic  circuit,  the  disturbance  due  to  earth  currents,  which 
would  be  much  felt  by  such  a  sensitive  receiving  instrument,  is  also  prevented. 

The  signals  are,  as  we  have  said,  produced  by  the  movements  from  one  side  to  the  other  of  the 
spot  of  light  reflected  from  the  moving  mirror  of  the  galvanometer.  The  rate  of  transmission  is 
Tery  great  indeed.  It  is  said  that,  when  the  clerks  speak  with  each  other,  as  high  a  speed  as 
eighteen  words  per  minute  is  obtained.  About  half  this  rate  is  adopted  in  transmitting  public 
messages. 

The  reader  who  desires  further  information  will  find  it  in  The  Atlantic  Tdegraph  before 
referred  to,  in  two  articles  in  Good  Words,  1867,  the  North  British  Review,  1S66,  and  in 
the  Atkenaum,  August  to  November,  1856 ;  also  in  the  papers  of  Sir  William  Thomson  and 
others  conmiunicateid  to  the  British  Association  for  the  Advancement  of  Science  and  to  the  Royal 
Society. 

ATMOMETER.  {drfiSs,  vapour,  and  fihpov,  measure.)  An  instrument  for  measuring  the 
evaporation  from  a  moist  surface.  There  are  several  contrivances  for  this  purpose.  One  of  the 
simplest  consists  of  a  long  graduated  tube  of  glass,  with  a  hollow  ball  of  porous  earthenware 
attached  to  its  foot.  The  tube  b  filled  with  water,  which  soaks  the  substance  of  the  hollow 
balL  The  water  sinks  in  the  tube  as  the  process  of  evaporation  goes  on  at  the  surface  of  this 
ball ;  the  rate  at  which  the  water  sinks  indicating  the  rate  of  evaporation. 

ATMOSPHERE.  {irfiSs,  vapour,  and  o-^oTpa,  a  sphere.)  The  envelope  of  gases  and 
vapours  which  surrounds  the  earth.  It  consists  of  two  distinct  portions,  the  permanent  atmos- 
phere, whose  amount  does  not  depend  on  ordinary  variations  of  temperature,  and  the  vaporous 
portion,  whose  amount  is  far  less  considerable  than  that  of  the  permanent  atmosphere,  and  is 
variable  with  changes  of  temperature,  &c. 

Pressure  of  the  Atmosphere, — The  fact  that  the  atmosphere  has  weight,  and  so  exerts  pressure, 
was  suspected  by  Aristotle,  and  asserted  by  Epicurus.  But  the  former  failed  to  convince  him- 
self by  experiment  that  air  has  weight,  and  accordingly  until  the  middle  of  the  seventeenth 
century,  it  was  commonly  accepted  that  the  air  is  weightless.  The  experiments  of  Torricelli  and 
Otto  de  Guericke  proved,  however,  that  the  air  not  only  has  weight,  but  at  the  earth's  surface 
exerts  enormous  pressure.  Torricelli's  niain  experiment  was  that  which  forms  the  fundamental 
principle  nf  the  Barometer  (q.  v.)  It  ^hows  that  the  pressure  of  the  air  at  the  earth^s  surface  is 
capable  of  supporting  a  column  of  mercury  about  30  inches  in  height,  in  other  words,  that  the 
weight  of  the  whole  atmosphere  is  equal  to  that  of  an  ocean  of  mercury  covering  the  whole 
earth,  and  about  30  inches  deep.  It  follows  from  this  that  on  every  square  inch  of  surface^ 
near  the  sea-level,  in  whatever  position  such  surface  may  be  inclined,  there  is  exerted  a 
pressure  of  about  14*6  lbs.  The  pressure  on  a  square  foot  ia  very  nearly  a  ton  ;  and  it  has  beei 
calculated  that  the  actual  pressure  exerted  by  the  air  on  the  surface  of  a  human  body  of  ave^ 
age  stature  is  equivalent  to  a  weight  of  somewhat  more  than  14  tons.  It  is  only  bemuse  thii 
pressure  is  balanced  by  the  pressure  of  elastic  fluids  within  the  body  that  it  produces  no  sensible 
inconvenience. 

For  the  atmospheric  pressure  on  different  parts  of  the  earth's  surface  see  Isobarometric  Lines. 

At  any  given  place  the  pressure  of  the  atmosphere  varies  sensibly  from  day  to  day,  and  even 
from  hour  to  hour.  Under  the  heads,  Barometer,  Weather,  &c.,  some  of  these  changes  will 
be  considered.  There  are  systematic  changes  whose  full  consideration  would  require  more 
iipaoe  than  is  here  at  our  disposal.  It  may  be  mentioned,  however,  that  as  regards  the  annual 
variations  of  barometric  pressure^  in  temperate  latitudes,  a  double  period  may  be  recognised. 


ATM  61  ATM 

The  two  maxima  occur  in  winter  and  Rummer,  the  winter  maximum  exceeding  the  summer 
one.  The  miniTnn.  occur  near  the  equinoxes,  and  ore  appreciably  equaL  The  diurnal  variation 
also  exhibits  a  double  period.  There  is  a  morning  Tninimum  at  about  a  quarter  before  four, 
followed  by  a  maximum  in  somewhat  less  than  six  hours  (more  exactly,  at  gh.  37m.  AM,\ 
then  the  pressure  decreases  till  about  4h.  5nL  p.m.,  after  which  it  rises  tiU  about  loh.  i  im.  p.m., 
which  is  the  hour  of  the  evening  maximum.  These  hours  vary  somewhat,  however^  for  differ- 
ent stations.  In  tropical  countries  the  diurnal  oscillations  of  the  atmospheric  pressure  are  much 
more  marked,  and  exhibit  much  more  regularity  than  in  our  latitudes. 

If  eight  of  the  Atmosphere, — Very  little  is  known  with  certainty  respecting  the  actual  limits  of 
the  atmosphere.  From  the  duration  of  twilight  it  has  been  calculated  that  the  atmosphere  has 
a  height  of  about  45  miles  ;  but  there  can  be  little  doubt  that  this  estimate  faUs  very  far  short 
of  the  truth.  Other  calculations  founded  on  the  duration  of  twilight  at  elevated  stations  give 
vexy  different  results.  Thus  Bravais,  from  a  discussion  of  Lambert's  observations,  deduced  a 
height  of  nearly  100  miles.  His  own  observations  made  from  the  summit  of  the  Faulhom  gave 
a  height  of  about  66  miles.  Dr.  Balfour  Stewart  considers  that  the  best  means  of  judging 
would  be  by  observations  made  on  the  aurora.  From  such  observations  made  in  18 19,  Didton 
estimated  the  extreme  height  of  the  auroral  light  at  102  miles.  Sir  John  Herschel  estimated 
the  height  of  an  auroral  arch  seen  on  March  9,  1861,  at  83  miles.  From  observations  made  on 
meteors,  it  has  been  concluded  that  the  atmosphere  is  at  least  100  miles  high  ;  and  some  observa- 
tions of  this  sort  have  even  been  made  which  suggest  the  belief  that  the  air  may  reach  to  a  height 
of  more  than  200  miles.  M.  Liais  was  led  by  observations  made  in  1859,  on  ike  polarisation  of 
the  sky,  to  the  conclusion  that  the  atmosphere  extends  to  a  height  of  no  less  than  212  miles. 

Density  of  ike  Atmosphere, — The  law  according  to  which  the  atmosphere  diminishes  in  density 
with  distance  from  the  earth's  surface  depends  on  principles  which,  theoretically  considered,  are 
sufficiently  simple  ;  but  as  actually  observed,  the  variations  of  density,  though  according  gene- 
rally with  the  deductions  from  theory,  are  yet  marked  by  peculiarities  of  a  somewhat  complex 
nature,  resulting  from  the  duplex  character  of  the  atmospheric  constitution.  As  affording  an 
approximately  correct  view  of  the  subject,  the  following  eiudly  remembered  law  may  be  given  : 
"  At  a  height  of  seven  miles  the  density  of  the  atmosphere  is  reduced  to  one-fourth  the  density  at 
the  seorlevdf  and  for  every  increase  of  height  by  seven  mUes,  the  rarity  of  the  air  is  simUariy 
quadrupied,**  So  that  since  pressure  is  proportional  to  density,  at  a  height  of  seven  miles,  the 
air  would  support  a  column  of  mercuiv  about  7^  inches  only  in  height ;  at  a  height  of  14  miles 
the  supported  column  of  mercury  would  be  less  than  2  inches  high  ;  at  a  height  of  21  miles  it 
would  be  less  than  half  an  inch  high,  and  so  on.  It  is  obvious  from  these  considerations  that 
there  must  be  a  definite  limit  to  the  extension  of  the  atmosphere,  since  the  elasticity  of  the  air 
must,  at  a  certain  height,  be  so  reduced  as  to  be  just  balanced  by  the  attraction  of  gravity  on  tiie 
atmospheric  molecules.  

ATMOSPHERE,  COMPOSITION  OF  THE.  The  term  Atm^osphere  is  appUed  to  an 
envelope  of  gaseous  matter  surrounding  any  substance.  Thus  we  speak  of  distilUng  liquids 
in  an  atmosphere  of  carbonic  add,  and  of  reducing  oxides  by  heating  in  an  atmosphere 
of  hydrogen.  The  term  is,  however,  generally  used  in  reference  to  the  earth's  atmosphere. 
The  true  composition  of  the  atmosphere  was  not  known  till  the  year  1774,  when  Lavoisier 
pointed  out  that  it  consisted  of  two  gases,  one  of  which  was  a  supporter  of  life  and  com- 
bustion, and  Uie  other  the  reverse.  The  former  he  found  to  be  identical  with  Priestley's 
"vital  air,"  now  known  as  oxygen,  and  the  latter  he  called  azote  or  nitrogen,  and  showed 
that  the  atmosphere  contained  about  one-fifth  of  its  volume  of  oxygen  and  four-fifths  of 
nitrogen.  The  other  normal  constituents  of  the  atmosphere  are  aqueous  vapour,  ozone,  car* 
bonic  acid,  and  ammonia,  besides  accidental  constituents  such  as  nitric  acid,  sulphurous  acid, 
carbonic  oxide,  hydro-carbons,  products  of  organic  decomposition,  and  the  minute  solid  particles 
constituting  dust,  and  rendered  visible  when  a  beam  of  electric  light  or  ray  of  sunshine  traverses 
a  dark  room.  The  accurate  analysis  of  air  has  occupied  the  attention  of  chemists  for  many 
years,  and  the  result  of  their  laboun  has  been  to  show  that  the  percentage  by  bulk  of  oxygen  in 
the  atmosphere,  whether  taken  from  the  top  of  a  mountain,  from  a  balloon,  over  the  sea,  in  a 
London  court,  or  in  the  country,  varies  very  slightly  between  20*65  <^<^  20*99  ^^  oxygen.  The 
carbonic  acid  varies  much  more  considerably,  the  average  being  abK>ut  four  volumes  in  10,000, 
rising  perhaps  to  ten  times  that  amount  in  crowded  rooms,  theatres,  &c.,  and  sinking  sometimes 
to  about  thi^e  volumes.  The  aqueous  vapour  depends  so  largely  on  temperature  and  rainfall 
that  its  variations  can  be  reduced  to  no  rule,  the  limits  being  none  at  all,  and  absolute  saturation, 
and  the  variations  at  the  same  place  frequently  approaching  one  or  the  other  within  a  few 
da3r8»  The  ammonia  exists  in  very  small  quantity,  and  the  analysis  by  different  observers  vary- 
greatly,  the  Tna.TiTnnm  being  1 3  5  parts,  and  the  minimum  one  part  in  a  million.  Although  in  sudn 
minute  quantity,  it  appears  to  play  an  important  part  in  vegetation,  and  hence  in  animal 
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nutritioD,  for  most,  if  not  aU,  the  nitrogen  of  the  plant  is  derived  from  atmospheric  ammonia. 
Ozone  ia  generally  present  in  the  atmosphere,  except  in  crowded  cities  and  under  abnormal  con- 
ditions ;  but  no  trustworthy  method  of  estimating  its  amount  beiog  known,  no  analytical  results 
can  be  giyen.  The  nonnal  composition  of  the  atmosphere  is  altered  by  respiration,  pntrefactiany 
and  combustion,  which  remoTo  oxygen  from  it  and  add  carbonic  add,  ana  it  is  altered  in  the 
opposite  direction  by  yegetation,  \^  which  carbonic  acid  is  absorbed  and  oxygen  is  evolTed ;  a 
balanoe  in  this  manner  is  in  some  degree  kept  up,  and  the  atmosphere  is  rendered  fitted  for  the 
requirements  of  living  beings.  Fmrther  information  on  the  composition  of  the  atmosphere 
may  be  obtained  by  reference  to  Br.  Angus  Smith's  papers  read  before  the  Chemical  Society 
and  the  Literary  and  Philosophical  Society  of  Manchester,  and  published  in  their  TransactionflL 
(See  especially  Journal  Chem.  Soc  xi  196.) 

ATMOSPHERE,  ELECTRICAL.  It  was  supposed  by  some  that  round  an  electrified  body 
there  exists  a  certain  ^aoe  within  which  it  can  act  to  deoompoee^  as  they  expressed  it,  the 
neutral  electricity  of  unelectrified  bodies.  The  sphere  of  this  action  is  termed  the  dectrieal  atmot' 
phere  of  the  body.  As  far  as  we  know,  however,  there  is  no  limit  by  distance  to  the  action  of 
induction  ;  and  hence  the  term  electrical  atmosphere  is  worse  than  useless. 

ATMOSPHERES  OF  THE  PLANETS.  We  have  evidence,  derived  not  only  from  tele- 
scopic observation  but  from  the  surer  teachings  of  the  spectroscope,  that  the  planets  have  atmcih 
pheric  envelopes,  though  as  yet  we  have  no  means  of  assuring  ourselves  of  the  actual  constitu- 
tion of  the  atmosphere  of  any  planet.  Accepting  the  nebular  hypothesis,  whether  as  originally 
presented  by  Laplace  or  in  a  UKxiified  form,  we  should  have  further  evidence  deduced  trota,  the 
consideration  of  the  results  which  might  be  expected  to  follow  from  the  processes  acoocding  to 
which  the  various  planets  are  supposed  to  have  been  formed,  according  to  that  theory.  Many 
interesting  questions  are  suggested  by  the  various  relations  which  we  may  suppose  the  planetaiy 
atmospheres  to  bear  to  the  orbs  they  surround.  It  has  been  conceived  that  by  such  varieties 
the  different  distances  of  the  planets  from  the  sun,  and  the  consequent  differences  in  the  amount 
of  heat  they  receive  from  him,  may  be  more  or  less  completely  compensated.  Mr.  Hopkins  of 
Cambridge  has  shown  that  the  plauet  Mars,  with  an  atmo^here  about  15,000  feet  higher  than 
ihe  eartns,  would  have  a  climate  similar  to  hers ;  and  that  the  planet  Venus,  if  her  atmosphere 
corresponded  to  that  portion  of  the  earth's  atmosphere  which  lies  above  the  height  of  25,000 
feet,  measured  from  the  sefr>level,  would  have  a  maximum  temperature  not  exceeding  that  at 
the  earth's  equator.  We  owe  to  Dr.  Tyndall  the  explanation  of  the  circumstance  on  which 
such  considerations  are  founded.  He  has  shown  that  it  is  not  the  air  itself  which  prevents  the 
earth's  heat  from  being  radiated  into  space,  but  the  aqueous  vapour  present  in  the  air.  Other 
vapours  have  an  even  greater  power  of  preventing  the  radiation  of  heat  from  a  low  temperature 
source,  like  the  heated  surface  of  the  earth ;  and  Dr.  Tyndall  remarks  that  an  atmosphere 
might  be  formed  which  would  act  the  part  of  a  barb  to  the  solar  rays,  **  pennitting  their  entranoe 
towards  a  planet,  but  preventing  their  withdrawal ;"  and  that  thus  a  comfortable  temperature 
might  be  obtained  on  the  surface  of  the  most  distant  planets.  It  seems  open  to  question, 
however,  whether  the  actual  dieumstances  of  our  own  atmospheric  surrounding  can  be  approxi- 
mated to  on  any  other  planet,  still  less  on  those  planets  which  are  very  near  to,  or  very  far 
from  the  sun,  by  any  such  arrangement,  since  the  great  excess  or  defect  of  direct  solar  heat  must 
always  remain  uncompensated.  

ATMOSPHERE,  OPALESCENCE  OF  THE.     See  Opaleieenee  cf  the  Atmotphere. 

ATMOSPHERE,  REFRACTIVE  POWER  OF.    See  IttfratUve  Power  of  the  Atmotphere. 

ATMOSPHERIC  ELECTRICITY.  Some  of  the  most  striking  natural  phenomena^  such 
as  lightning,  thunder,  and  also  some  more  quiet,  but  not  less  remarkable  luminous  appearances 
are  due  to  the  existence  and  the  discharge  of  electric  accumulations  in  the  atmosphere.  Frank- 
lin was  the  first  observer  in  this  field.  The  resemblance  of  lightning  to  the  electric  spark  had 
been  spoken  of  before ;  but  till  the  time  of  his  request  to  the  European  investigators  to  make 
the  trial,  nothing  was  done  to  prove  the  identity  of  the  two.  At  Franklin's  suggesticm,  M. 
D'Abilard  in  France  erected  a  pointed  rod  in  1752,  and  by  means  of  it  obtained  electricity  from 
a  thunder  doud.  But  before  any  accoxmt  of  his  experiments  had  reached  Franklin,  he  himself, 
tired  of  waiting  for  the  erection  of  a  spire  in  Philadelphia  for  the  experiment,  bethought  him  of 
flying  a  kite  during  a  thunderstorm,  and  thereby  communicating  with  the  upper  regions  and 
with  the  clouds.  The  kite  was  flown  by  a  common  hempen  string,  to  the  end  of  which  was 
attached  a  key,  and  the  key,  by  means  of  a  silk  cord,  to  a  tree.  He  presented  his  hand  to  the 
key,  but  at  first  obtained  no  result.  He  was  about  to  give  it  up  in  despair,  when  some  rain 
having  fallen  and  wetted  the  string,  it  became  a  conductor,  and  he  perceived  a  slight  spark. 
Afterwards  Ynore  rain  fell,  and  he  obtained  a  copious  flow  d  sparks.  He  describes  his  joy  at 
ihe  discovery  as  being  sudi  that  he  could  not  refrain  from  tears. 

Soon  there  was  a  host  of  investagatora  in  the  field,  as  Nollet  and  Beooaria,  Richman,  who  was 
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killed  bjr  lightning  while  experimentiiig,  Yolta,  and  others ;  and  since  that  time  we  have  had 
many  obseryers.  But  though  much  hiui  been  done,  and  many  facts  have  been  collected,  the 
subject  cannot  yet  be  said  to  be  weU  tmderstood ;  and  careful  observations  in  all  places  and 
positions  are  much  required.  Hitherto  the  want  of  an  accurate  and  manageable  electrometer 
has  been  a  hindrance,  but  within  the  last  few  years  the  invention  and  perfecting  of  the  electro- 
meter of  Sir  William  Thomson  has  done  away  with  the  difficulty ;  and  even  already  results 
have  been  obtained  and  are  accumulating.  We  deal  in  this  article  not  with  the  effects  of  electric 
force,  such  as  lightning  and  thunder,  wmch  are  discussed  under  their  proper  heads,  but  rather 
with  its  existence  in  the  atmosphere  and  the  laws  of  its  distribution  as  far  as  we  know  them. 

The  principles  on  which  our  deductions  on  the  subject  are  founded  are  laid  down  in  a  remark- 
able paper  by  Sir  W.  Thomson,  published  in  Nichol's  £ncyc]x>p8Bdia,  and  in  a  lecture  delivered 
at  the  Boyal  Institution,  May  lo,  i860,  both  republished  with  his  other  electrical  papezs.  We 
ahall  begin  by  briefly  re-stating  these  principles ;  for  the  fullest  information,  the  papers  them- 
selves must  be  consulted. 

In  order  to  know  thoroughly  the  distribution  of  electricity  throughout  an  insulating  body,  it 
is  necessazy  to  know,  for  every  point  in  it,  the  resultant  force  in  magnitude  and  direction.  Of 
tMs  kind  of  information,  we  have  none  whatever  at  the  present  time  ;  and  to  gain  it,  observa- 
tions with  the  aid  of  the  balloon  would  be  necessary.  We  know,  however,  somethiog  of  the 
distribution  of  electricity  over  the  earth's  surface,  and  from  this  knowledge  we  are  able  to  make 
certain  important  deductions  with  regard  to  the  electrification  of  the  upper  strata  of  the  atmos- 
phere. 

The  whole  of  the  earth's  surface  is  at  all  times  electrified,  with  the  exception  of  neutral  lines 
which  divide  positively  electrified  p<»rtions  from  portions  which  are  negative.  On  the  whole,  the 
extent  of  the  negatively  electrified  part  is  much  greater  than  that  of  the  positive  part ;  in  fact,  ^ 
it  is  only  in  bad  weather,  or  under  the  influence  of  some  disturbing  cause,  that  positive  electri- 
fication of  the  surface  exists  at  all.  If  the  earth  were  simply  an  electrified  body,  undisturbed  by 
the  influence  of  any  electrified  matter  external  to  it^  or  of  any  conductor  in  its  neighbourhood, 
the  electricity  would  be  distributed  over  the  surface  according  to  a  definite  law,  depending  only 
on  the  form  of  the  surface.  If  wo  knew  this  distribution,  any  discoverable  variation  from  it 
must  be  due  to  an  external  cau&e  ;  and  though  we  do  not  know  it,  yet  from  observing  the 
changes  which  occur  in  it  from  time  to  time,  we  equally  infer  an  external  cause,  and  to  some 
extent  we  are  able  to  deduce  the  nature  of  that  cause. 

In  the  first  place,  we  find  that  these  changes  are  connected  in  many  cases  with  powerful 
atmospheric  disturbances^  as  in  the  case  of  the  presence  of  thundeixdouds.  We  also  mid  that 
even  the  smaller  changes  depend  upon  the  state  of  the  weather.  Thus,  as  was  mentioned  above, 
in  broken  weather  we  observe  positive  electrification  jof  the  earth's  surface,  which  never  occurs 
in  fiur  and  serene  weather.  To  some  extent,  also,  it  has  been  shown  that  certain  winds  are 
connected  with  certain  changes  in  the  electric  distribution.  Thus  Sir  W.  Thomson  was  able 
almost  to  predict  the  occurrence  of  east  wind  by  finding  a  particularly  high  electrical  indication. 
The  chanffe8,'too,  aro  frequently  so  ve/y  rapid  that  they  can  hardly  be  conceived  to  be  due  to 
anything  but  the  influence  of  electrified  bodies  of  air  moving  at  a  not  very  groat  distance  from 
the  earth's  surface. 

In  order  to  show  the  existence  of  electric  force  in  the  atmosphere,  it  is  only  necessary  to 
atUch  to  the  upper  plate  of  an  electroscope  a  metallic  rod  carrying  at  the  top  a  piece  of  touch 
paper.  On  lighting  the  touch  paper  the  gold  leaves  will  very  soon  show  signs  of  electric 
excitement.  The  quality  of  the  electricity  may  be  determined  in  the  usual  way  by  approaching 
an  excited  rod  of  glass  or  sealing  wax.  Tke  effect  of  the  burning  touch  paper  is  to  throw  off 
continually  particles  of  matter  charged  oppositely  to  the  air  at  the  point  of  the  conductor. 
Soon,  therefore,  the  conductor  is  reduced  to  the  same  state  as  the  air,  and  therefore  the  gold 
leaves  also  which  are  connected  with  it.  As  has  been  mentioned,  in  fine  weather  the  earth's 
surface  is  always  negatively  electrified.  The  air,  therefore,  and  the  electroscope  will  be  found 
in  this  case  to  be  positively  charged.  For  full  particulars  as  to  the  modes  of  collecting,  measur- 
ing, and  recording  observations  on  atmospheric  electricity,  the  reader  must  consult  the  articles 
upon  Obtervatories,  Meteorological,  and  upon  Eleetrometen. 

During  serene  and  cloudless  weather  the  electricity  of  the  atmosphere  Is  always  positive,  and 
of  an  amount  depending  to  a  certain  extent  upon  the  position  of  the  place  at  which  the  observa- 
tion is  taken,  and  varying  from  time  to  time  at  the  same  place.  At  high  and  isolated  places 
tiie  amount  is  greatest ;  in  enclosed  places,  such  as  between  walls,  in  streets,  and  so  on,  but 
little  is  to  be  found.  It  increases  as  we  rise  through  the  atmosphere.  During  dry  weather  it 
is  generally  greatest,  and  it  appears  especially  during  the  occurrence  of  east  winds,  at  least  in 
some  places.  At  sunrise  the  amount  is  small ;  it  appears  to  increase  up  till  between  the  hours 
of  eleven  and  eight,  the  time  of  the  mairimnm  depending  upon  the  season.    From  this  time  it 
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decreases,  till  it  attaina  a  minimxnn  a  little  before  snTiset ;  and  a  few  hours  after  sunset  it  takes 
«  second  maximum,  from  which  time  it  decreases  till  sunrise  again.  It  seems  also  that  the 
winter  average  is  higher  than  that  of  the  summer  months.  In  stormy  and  wet  weather  the 
electricity  oboerred  is  frequently  negative ;  it  is  very  variable,  however,  and  as  yet  no  law  has 
been  given  on  the  subject.  Generally,  too,  the  clouds  are  electrified,  sometimes  positively  and 
sometimes  negatively.  It  will  be  seen  from  the  meagre  account  we  have  been  able  to  give  with 
respect  to  actually  observed  facts,  that  we  are  yet  in  want  of  much  observation,  both  regular 
and  taken  simultaneously  at  different  stations.  Within  the  last  few  years  several  self-registering 
electrometers  have  been  set  up  both  in  England  and  abroad,  and  even  already  some  results  have 
been  published* 

Several  theories  of  the  causes  of  atmospheric  electricity  have  been  put  forward,  but  as  yet 
none  very  satisfactory.  The  cause  cannot  be  said  to  be  known.  It  has  been  ascribed  to  evapo- 
ration, which  it  has  been  shown  produces  electric  excitement  under  certain  circumstances ;  and 
the  eafth  has  by  some  been  compared  to  a  voltaic  pile  in  which  the  electricity  is  excited  by 
chemical  action,  and  sometimes  to  a  thermo-electric  urangement.  The  friction  of  the  air  haJs 
also  been  supposed  to  be  the  exciting  cause.  Experiments  in  proof  of  any  of  these  theories  are 
wanting. 

ATMOSPHERIC  ENGINE.     See  SUam-enr^ne, 

ATMOSPHERIC  LINES  OF  THE  SPECTRUM.  Sir  David  Brewster  has  shown  that 
some  of  the  black  lines  observed  in  the  solar  spectrum  are  due  to  absorption  of  certain  rays  by 
the  atmosphere.  The  French  physiciet,  Janssen,  has  proved  that,  when  light  is  passed  through 
a  considerable  thickness  of  steam  at  high  pressure,  it  produces  strongly-marked  absorption  bands, 
which  coincide  with  Brewster's  groups  of  lines,  and  which  become  more  intense  when  the  sun  is 
on  the  horizon,  and  the  atmosphere  charged  with  aqueous  vapour.  M.  Janssen  has  named 
these  lines  the  telluric  lines  of  the  solar  spectrum.    (See  Absorption  of  lifjht;  Spectrum.) 

ATMOSPHERIC  PRESSURE.    Set  Atmosphere, 

ATOM.  {ArofWif  from  a,  not,  and  T€/uf€tp,  to  be  cut.)  The  finite  or  the  infinite  divisibility 
of  matter,  and  the  consequent  existence  or  non-existence  of  atoms  which  do  not  admit  of  further 
division,  have  furnished  food  for  speculation  among  many  of  the  leading  minds  in  various  ages 
and  countries.  But  the  ingenious  ideas  of  Greek  and  Indian  philosophers,  of  Latin  poets  and 
Epicureans,  have  had  little  or  no  influence  on  modem  science.  Bacon  refers  to  them  as  *'  such 
glimpses  of  truth  as  can  be  obtained  by  the  intellect  left  to  its  own  natural  impulses,  and  not 
ascending  by  successive  and  connected  steps,"  as  taught  by  the  inductive  philosophy.  The 
ancient  notion  was,  that  the  ultimate  elements  of  matter  consist  of  minute,  simple,  indivisible, 
indestructible  particles,  which  idea^  being  adopted  and  extended  by  Newton,  has  had  great  in- 
fluence  on  the  progress  of  science  not  only^unong  chemists,  but  also  among  physicists,  in  found* 
ing  important  theories  of  chemical,  thermal,  and  electrical  phenomena,  and  also  as  respects  crys- 
tallographical  form.  Newton's  expressions  are  very  remarkable.  He  says,  **  All  these  things 
being  considered,  it  seems  probable  to  me  that  God,  in  the  beginning,  formed  matter  in  solid, 
massy,  hard,  impenetrable,  moveable  particles  of  such  sizes  and  figures,  and  with  such  other 
properties,  and  in  such  proportions  to  space,  as  most  conduced  to  the  end  for  which  He  formed 
them  ;  and  that  the  primitive  particles  being  solids,  are  incomparably  harder  than  any  porous 
bodies  compoimded  of  them,  even  so  very  hard  as  never  to  wear  or  break  in  pieces ;  no  ordinary 
power  being  able  to  divide  what  Grod  had  made  one  in  the  first  creation.  While  the  particles 
continue  entire,  they  may  compose  bodies  of  one  and  the  same  nature  and  texture  in  all  ages ; 
but  should  they  wear  away  or  break  in  pieces,  the  nature  of  things  depending  on  them  would 
be  changed.  Water  and  earth,  composed  of  old  worn  particles  and  fragments  of  particles,  would 
not  be  of  the  same  nature  and  texture  now  with  water  and  earth  composed  of  entire  particles 
in  the  beginning.  And,  therefore,  that  nature  may  be  lasting,  the  changes  of  corporeid  things 
are  to  be  placed  only  in  the  various  separations  and  new  associations  and  motions  of  these  per- 
manent particles ;  compounded  bodies  being  apt  to  break,  not  in  the  midst  of  solid  particles, 
but  where  these  particles  are  laid  together,  and  only  touch  in  a  few  points." 

It  is  astonishing  how  largely  the  above  views  have  furnished  suggestions  to  various  subse- 
quent tiieories.  The  authority  of  Newton  has  always  been  so  great,  that  even  his  speculations 
have  been  received  as  truths.  It  ia  related  that,  on  one  occasion.  Sir  Isaac  and  Dr  Bentley 
met  accidentally  in  London  ;  and  on  Sir  Isaac's  inquiring  what  philosophical  pursuits  were  being 
carried  on  at  Cambridge,  the  doctor  replied,  *'  None ;  for  when  you  go  a  hunting,  Sir  Isaac, 
you  kiU  all  the  game  ;  you  have  left  us  nothing  to  pursue."  Much  of  our  science  since  New- 
ton's time  has  been  cultivated  in  the  spirit  of  this  reply.  Results  must  on  no  account  contra- 
dict Newton's  phUosophy.  If  true  to  nature,  so  much  the  better  ;  they  must  be  true  to 
Newton.  This  worship  has  been  reproved  by  one  who  csoinot  possibly  be  accused  of  want  of 
reverence  to  Newton.    The  late  Master  of  Trinity,  referring  to  Newton's  hypothesiB  of  ulti- 
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mate  particles,  mftkes  the  following  remarks  : — "  When  we  would  assert  this  theory,  not  as  a 
convenient  hypothesis  for  the  expression  or  calculation  of  the  laws  of  nature,  but  as  a  philoso- 
phical truth  respecting  the  constitution  of  the  universe,  we  find  ourselves  checked  by  difiiculties 
of  reasoning  which  we  cannot  overcome,  as  well  as  by  conflicting  phenomena  which  we  cannot 
reconcile." 

The  historian  of  the  Inductive  Sciences,  just  qnoted,  gives  the  aiguments  for  and  against 
atoms,  and  we  must  refer  to  his  works  any  reader  desirous  of  going  further  into  these  curious 
■peculations.  We  do  not  attempt  even  to  indicate  them  here,  since  they  belong  rather  to  meta- 
"physics  than  to  physics.  Such  reasoning  as  this  was  felt  to  be  untenable,  that  the  properties  of 
bodies  depend  on  the  attractions  and  repulsions  of  the  particles,  and  their  hardness  on  such 
forces ;  for  if  the  hardness  depend,  say  upon  the  repxdsion  of  the  particles,  on  what  does  the 
hardness  of  the  particles  depend  ?  The  hardness  and  solidity  of  the  particles  were  given  up, 
and  the  theory  of  Boeoovich  adopted,  according  to  which  matter  consists  not  of  solid  particles, 
but  of  mere  mathematical  centres ;  from  which  proceed  forces  according  to  certain  mathematical 
laws,  by  virtue  of  which  such  forces  become  at  certain  small  distances  attractive,  at  certain 
other  distances  repulsive,  and  at  greater  distances  attractive  again.  "  From  these  forces  of  the 
points  arise  the  cohesion  of  the  parts  of  the  same  body,  the  resistance  which  it  exerts  against 
the  pressure  of  another  body,  and,  finally,  the  attraction  of  gravitation  which  it  exerts  upon 
bodies  at  a  distance." 

But  the  idea  that  the  properties  of  bodies  depend  on  forces  emanating  from  immoveable 
points  of  their  mass,  did  not  escape  the  sagacity  of  Newton.  He  says  :  **  Many  things  induce 
me  to  believe  that  the  rest  of  the  phenomena  of  nature,  as  well  as  those  of  astronomy,  may 
depend  upon  certain  forces  by  which  the  particles  of  bodies,  in  virtue  of  causes  not  yet  known, 
are  urged  towards  each  other,  and  cohere  in  regular  figures,  or  are  mutually  repelled  and  re- 
cede ;  and  philosophers,  knowing  nothing  of  these  forces,  have  hitherto  failed  in  their  examina- 
tions of  nature." 

This  line  of  speculation  has  been  followed  up  with  assiduity  l2[  Laplace  and  others  with  great 
benefit  to  the  progress  of  science ;  but,  as  Whewell  remarks,  "  The  assumption  in  the  reasoning 
of  certain  centres  of  force  acting  at  a  distance,  is  to  be  considered  as  nothing  more  than  a 
method  of  reducing  to  calculation  that  view  of  the  constitution  of  bodies  which  supposes  that 
they  exert  force  at  eveiy  point.  It  is  a  mathematical  artifice  of  the  same  kind  as  the  hypo- 
thetical division  of  a  body  into  infinitesimal  parts,  in  order  to  find  its  centre  of  gravity ;  and  no 
more  implies  a  physical  reality  than  that  hypothesis  does." 

There  is  a  lesson  based  on  the  idea  of  matter  consisting  of  solid,  hard,  indestructible  particles, 
which  we  also  owe  to  Newton — ^namely,  the  doctrine  of  the  permanency  of  nature,  and  the 
assarance  that  her  laws  do  not  alter  with  the  course  of  time ;  for  if  such  particles  could  break 
or  wear,  "  the  structure  of  material  bodies  now  would  be  different  from  thftt  which  it  was  when 
the  particles  were  new."  It  is  further  to  be  remarked,  that  this  lesson  which  teaches  the  uni- 
formity of  the  laws  of  nature  is  the  major  premiss  in  the  logic  of  induction. 

Attempts  have  been  made,  but  in  vain,  to  find  a  limit  to  the  divisibility  of  matter.  Dr. 
Thomson  has  shown  that  a  portion  of  lead  which  cannot  exceed  the  888,492,000,000,000th  of  a 
cubic  inch  is  still  visible ;  and  Mr.  Tomlioson  has  giiwn  a  calculation,  based  upon  the  quantity 
of  soap  contained  in  a  soap  bubble,  known  to  be  of  less  thickness  than  a  2,600,000th  of  an  inch. 
**  Pure  water  will  not  hold  together  in  this  way,  but  the  admixture  of  less  than  the  hundredth 
of  its  bulk  of  soap  will  confer  this  property  on  the  whole  of  the  water.  Now,  in  order  to  pro- 
duce this  effect,  it  is  evident  there  must  be  a  portion  of  soap  (at  least  qne  atom)  in  every  cubic 
2,600,000th  of  an  inch  of  the  solution.  Therefore,  a  single  atom  of  soap  in  the  solid  state  cannot 
possibly  occupy  so  much  as  the  hundreth  of  a  cubic  2,600,000th  of  an  inch — that  is,  not  so 
much  as  a  1,757  trillionth  (1,757,000,000,000,000,000,000th)  of  a  cubic  inch." 

The  view  Ukeaa.  of  the  term  atom  in  modem  diemistry  will  be  foimd  under  Atomic  TJieory; 

Atomicity t  &c 

ATOMIC  HEAT.  Equal  weights  of  different  bodies  require  different  amounts  of  heat  to 
raise  them  through  the  same  number  of  degrees  of  temperature.  See  Specific  Heat. 
Thus  to  raise  a  pound  of  iron  from  32°  to  33**  requires  0*11379  of  a  unit  of  heat,  while  only 
0*0324  of  a  unit  is  required  to  nuse  the  temperature  of  a  poimd  of  platinum  by  the  same 
amount.  But  Dulong  and  Petit  in  1819  made  the  remarkable  observation  with  regard  to 
elementary  substances,  that,  if  instead  of  using  equal  weights  of  the  bodies,  quantities  in  pro- 
portion to  their  atomic  weights  are  employed,  and  the  amounts  of  heat  required  to  raise  these 
quantities  through  one  degree  of  temperature  are  determined,  they  will  be  found  to  be  either 
Mentical  or  to  bear  a  very  simple  numerical  relation  to  each  other.  Thus  56  and  197  are 
respectively  the  atomic  weights  of  iron  and  platinum,  the  amount  of  heat  required  to  raise  56 
pounds  of  iron  through  i**  Fah.  is  56  x  0*1 138  or  6*3728,  while  that  required  to  raise  197  pounds 
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of  platmum  through  i*^  is  197  x  0*0324  or  6*3828.  Eegnault  calk  the  xiimiber  got  by  multi- 
plying  together  those  which  express  the  atomic  weight  and  Bpe<afic  heat  of  a  body  its  Atomic 
Heat.  This  nimiber  represents,  of  course,  the  quantity  of  heat  required  to  raise  the  so-called 
atom  through  one  degree  of  temperature.  The  following  table  shows  the  specifio  heat^  the 
atomic  weight,  and  the  atomic  heat  of  a  number  of  the  elements  : — 


ELnCKITS. 

Spbcifzc  Hkaz. 

Atoxic  Wzxoiit. 

Atoxio  Hsat. 

Sulphur, 

0-1776 

3a 

5-683a 

Selenium,  . 

00837 

79*5 

6-6541 

Telluriam, 

00474 

X99 

6-1x46 

Magnesiiuu, 

0*9499 

a4 

59976 

Zinc, 

0-0955 

65 

6-ao75 

C&diniuzn, 

00567 

xia 

6-3504 

Aluminium, 

0-2143 
0-1138 

27'S 

5'893» 

Iron, 

56 

6-3728 

Nickel,      .       .       . 

0-109X 

58-5 

63823 

Cobalt,       . 

0-J070 

58-5 

6-2595 

Manganese, 

o'ix4 

55 

6-2700 

Tin 

©•0562 

Z18 

6-6316 

Tungaten, 

00334 

X84 

6-1456 

Copper, 

0-095X 

635 

60389 

Lead, 

0-0314 

ao7 

6-4998 

Mercmy  (lolld),        , 

0*0319 

900 

6-3800- 

Platiniun, 

00324 

197 

6-3828  . 

PiOIadiam, 

0-0593 

xo6*5 

63»S4 

Bhodium, 

©■0580 

X04 

6-0320 

Osmium,    . 

0-0306 

X99 

60894 

Iridium,     . 

0-0325 

X97 

•    6-4205 

Iodine, 

0-0541 

xaj 

6-8707 

Bromine  (solid), 

0-0843 

80 

6-7440 

Potassium,        .       , 

0-1696 

39 

6-6144 

Sodium,     . 

02934 

aj 

6-7483 

Lithium,    • 

o'94o3 

7 

6-5856 

Arsenic,     .     •  . 

00814 

75 

6 '1050 

AntimoDj, 

o"05o8 

X20'3 

%x 

Bismuth,    . 

0-0308 

azo 

Thallium,  . 

0-0336 

;3 

6-8208 

Silver, 

0-0570 

6-1560 

Gold,         .       . 

■              •              • 

00324 

X96 

63504 

From  this  table  it  appears  that  the  law  of  Dulong  and  Petit  holds  approximately.  The 
divergence  from  it  is  accounted  for  by  the  fact  that  during  the  determination  of  the  specific  heat 
all  the  elements  were  not  in  the  same  physical  state  as  to  aggregation,  distance  from  the  iwftl^Tig 
point,  and  so  forth  ;  as  it  is  well  known  that  a  difference  in  state  makes  a  very  great  difference 
in  the  specific  heat  of  the  body. 

This  law  with  regard  to  the  atomic  heat  of  bodies  is  of  great  iznportanoe,  as  it  gives  us  the 
means  of  aiding  our  judgment  in  determining  their  atomic  weights  m>m  the  results  of  analysia. 
Thus  it  has  frequently  happened  that  uncertainty  exists  as  to  whether  a  certain  number  or  its 
double  is  the  atomic  weight  of  a  given  body,  and  the  decision  between  the  two  is  made  by 
multiplying  the  number  by  the  specific  heat  of  the  body  and  comparing  the  result  with  the 
numbers  which  express  the  atomic  heats  of  other  similai'  bodies. 

Neumann  and  B^nault  determined  the  atomic  heat  of  many  compound  bodies  and  came  to 
the  conclusion  that  hodiei  qf  nmUar  chemical  composition  have  nmiUur  atomic  heats ;  the  atomic  heat 
of  one  class  of  compounds  may,  however,  differ  from  that  of  another  class.  For  instance,  Regnault 
showed  by  eight  examples  that  the  atomic  heats  of  the  bi-chlorides  (such  as  chloride  of  barium, 
Ba  CI,,  chloride  of  zinc,  Zn  Cl^,)  are  all  very  approximately  18*65  ;  ^^^  ^y  ^^^^  examples,  that 
in  the  carbonates,  such  as  carbonate  of  calcium,  Ca  C  O3,  carbonate  of  barium,  Ba  C  O,,  it  varies 
but  little  from  the  number  21*60. 

ATOMICITY.  An  aiom,  in  modem  chemistry,  is  regarded  as  the  smallest  portion  of  matter 
that  can  exist  in  combination,  such  as  H  =  I ;  while  a  moUcide  is  the  smallest  quantity  of  matter 
that  can  subsist  by  itself,  and  this  is  supposed  to  contain  two  atoms,  as  H  H  =  2.*  In  this 
way  the  free  molecules  of  the  elementary  gases  are  analogous  in  structure  to  hydro-chloric  add, 
in  which  a  single  atom  of  hydrogen  is  united  to  a  single  atom  of  chlorine,  forming  two  volumes 
of  hydro-chloric  add  gas.  In  like  manner,  water  in  the  form  of  vapour,  (or  water  gas^  ai 
Hof maun  terms  it),  consists  of  two  atoms  of  hydrogen  united  to  one  of  oxygen,  the  three 

*  In  the  cases  of  phosphomi  and  arsenium  the  ultimate  molecule  contains  four  atoms ;  and  in  those  o( 
eadmlum  and  mercury  Uie  molecule  contains  a  single  atom  onlj. 
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Tolames  being  condenBed  into  two.  So  also  in  the  case  of  ammoniacal  gas,  three  atoms  of 
hydrogen  are  in  union  with  one  of  nitrogen,  the  four  volumes  being  condensed  into  two ;  and 
lastly,  in  marsh  gas  four  atoms  of  hydrogen  are  in  union  with  one  ol  carbon,  the  five  atoms  being 
condensed  into  two. 

The  atomic  symbols  as  well  as  the  molecular  are  referred  to  the  standard  atom  H  =  i.  But 
there  is  a  distinction  between  the  tMilecuU-/brming  equivalent  of  the  elements,  or  the  proportions 
by  weight  in  which  they  can  replace  each  other,  and  the  atomrfixinff  equivalents,  or  the  propor- 
tions in  which  the  elementary  atoms  replace  each  other  in  fixing  a  standard  atom.  The  carbon 
molecule,  for  example,  s-  12,  but  its  atom-fixing  weight  =  3  ;  since  in  the  marsh-gas  molecule, 
12  parts  of  C  fix  4  atoms  of  H,  so  that  each  atom  of  H  is  fixed  by  y  =  3  parts  by  weight  of 
C.  So  also  in  ammonia  N  fixes  3  H  and  V  ==  4'^  ^  the  atom  fixing  wiinimnin  of  X.  Again, 
in  water  H,0  V  =  S*  the  atom-fixing  minimum  of  O  ;  but  Gl  in  HGl  fixes  only  i  atom  of  H, 
and  the  atomic  weight  of  CI  35*5  does  not  in  such  case  admit  of  subdivision. 

In  this  way  we  nuiy  assign  to  each  element  two  numbers,  (i.)  its  mfaimnni  weight  with 
respect  to  the  fonnation  of  a  molecule ;  (2.)  its  minimum  weight  with  respect  to  the  fiixing  of  an 
atom.  But  to  avoid  the  complexity  likely  to  arise  from  the  use  of  this  double  system,  it  is 
customazy  in  elementary  books  to  attach  to  each  symbol  a  number  in  Boman  letters,  or  simply 
one  or  more  dashes  to  indicate  how  many  standard  atoms  the  weight  referred  to  ia  capable  of 
satisfying.  Thus  we  write  Cl»,  O",  N^  C»',  or  CI',  O^,  N"',  C"".  This  atom  fixing  power  is 
termeid  alomidtyj  and  the  elements  are  arranged  in  groups  of  monadt^  dyads,  &c.  Professor 
Hofmann  uses  the  word  quantivaUnee  to  express  atomicity  and  univalent,  HvcUent,  trivaUnt  and 
quadrivalent  to  express  monatonUe,  diatomic,  triatamic,  and  tetratomic. 

ATOMIC  THEOftY.  This  term  is  applied  to  three  ^prand  laws  which  form  the  foundation 
of  chemical  science,  and  are  known  as  (i.)  ike  law  of  e^^ntte  proportions;  (2.)  the  law  of  mvUiple 
proportions  ;  and  (3.)  the  law  of  atomic  or  emtvvalent  proportions.  If  not  discovered,  they  were 
first  brought  into  the  light  of  intellectual  day  by  DaltoiL  By  the  law  of  definite  proportions 
the  nature  and  proportions  of  the  constituent  elements  in  every  chemical  compound  are  definite 
and  invariable.  For  example,  a  piece  of  chalk,  or  Iceland  spar,  or  any  other  of  the  numerous 
varieties  of  carbonate  of  lime,  however  much  they  may  differ  in  form  and  other  physical  proper- 
ties, have  the  same  chemical  composition  wherever  met  with.  That  is,  every  carbonate  of  lime 
(or  calcic  carbonate,  as  it  is  now  called)  contains  in  100  parts  56  of  Ume  (or  oxide  of  calcium 
CaO),  and  44  of  carbonic  add  (or  carbonic  anhydride,  C0|  according  to  more  recent  nomen- 
clature.) The  lime  and  the  carbonic  acid  are  termed  the  proximate  elements  of  calcic  carbonate. 
They  admit  of  further  separation  into  their  ultimate  elements,  namely,  the  lime  into  the  metal 
calcium  and  oxygen  gas,  and  the  carbonic  anhydride  into  carbon  and  oxygen  gas.  And,  of 
course,  the  lime  and  the  carbonic  anhydride  are  as  unalterable  in  their  composition  as  the  calcic 
carbonate,  or  any  other  true  chemical  compound.  The  lime  contains  7 1*43  per  cent,  of  calcium, 
and  285  7  per  cent,  of  oxygen ;  while  the  carbonic  anhydride  contains  27*28  per  cent,  of  carbon, 
and  7272  per  cent,  of  oxygen. 

According  to  the  law  of  multiple  proportions,  when  one  element  B  unites  with  another 
element  A  in  more  proportions  thim  one,  the  quantity  of  B  increases  in  multiples,  or  in  some 
other  similar  mode,  sudi  as —    ^ 

A+    B;      A-t-2B;      A+3B;      A  +  4B;  and  soon. 
Or,  2A-h3B;   2A-f-5B;   2  A -f  7 B  ;  and  so  on. 
Or,    A+    B;      A  +  3B;      A  +  5B;  and  so  on. 

For  example,  nitrogen  and  oxygen  combine  to  form  five  chemical  compounds,  in  aU  of  which 
the  proportion  of  nitrogen  remains  constant,  but  that  of  oxygen  is  a  constantly  increasing 
mul^ple  of  its  atomic  weight.  In  the  following  table  the  first  column  contains  the  names  of  the 
compounds  in  question,  the  second  the  proportions  of  oxygen,  and  the  third  those  of  nitrogen  : — 


Nitrous  oxide,     .    .     16 
Nitric  oxide,       .    .    32(16x2) 
Nitrous  anhydride, .    48  (16  x  3) 


28 
28 
28 


Peroxide  of  nitrogen,    .    64  ^16  x  4^      :      28 
Nitric  anhydride,     ..    80(16x5)      :      28 


If  we  take  the  percentages  of  the  constituents  of  the  above  compounds,  the  above  numbers 
will  be  obtained  in  each  case  by  means  of  a  simple  proportion.  The  first  column  of  the  follow- 
ing table  contains  the  symbols  of  the  above-named  con^unds ;  the  second  the  percentages  of 
oxygen  ;  the  third,  those  of  nitrogen  ;  the  fourth,  the  equivalent  weights  of  oxygen  ;  and  the 
fifth,  those  of  nitrogen  : — 

N,  O     36-36  :  63*64  : :  16  :  28 


Or,  N*  O  I  5333  :  4667  : :  32  :  28 
'  N,  0,  6315  ;  3685  : :  48  :  28 


Or,  N*  0*  I  ^56  :  SO'4^   : :  64  :  28 
N,  O,  74-07  :  25*93  : :  80  :  28 
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The  third  law,  or  the  law  of  atomic,  or  equivalent  proportions,  is  this  :— That  each  element, 
in  combining  with  other  elements,  or  in  displacing  other  elements  from  combination,  does  so  in 
a  fixed  proportion,  which  may  be  stated  nimieiically.  For  example,  if  a  slip  of  copper  be  intro- 
duced into  a  solution  of  mercuric  chloride,  portions  of  the  two  metak  change  places,  sinoe 
chlorine  has  a  stronger  affinity  for  copper  than  for  mercury ;  cupric  chloride  is  formed,  and 
mercury  deposited.  For  every  31*7  parts  by  weight  of  copper  dissolved,  100  of  mercury  are 
separated.  So  also,  if  into  a  solution  of  cupric  chloride  a  strip  of  zinc  be  immersed,  copper  is 
separated.  For  every  31 7  parts  by  weight  of  copper  thrown  down,  32*5  parts  of  zinc  will  enter 
into  solution.  If  a  rod  of  zinc  be  immersed  in  dilute  hydrochloric  acid,  hydrogen  will  be 
liberated  ;  and  for  every  32*5  parts  by  weight  of  zinc  dissolved,  I  part  by  weight  of  hydrogen 
gas  will  be  set  free. 

By  experiments  of  this  kind  it  has  been  shown  that  different  but  definite  weights  of  the 
various  metals  are  capable  of  displacing  each  other.  From  the  above  examples  it  appears  that 
100  parts  by  weight  of  mercury,  317  of  copper,  32*5  of  zinc,  and  i  of  hydrogen,  are  each  in  a 
condition  to  supply  the  place  of  the  other  in  combination  with  35*5  parts  of  chlorine.  These 
various  weights  are  said  to  be  chemically  equivalent  to  each  other,  and  numbers  thus  obtained 
are  the  combining  proportions  of  the  elements.  But  for  the  convenience  of  comparison,  one 
element  is  chosen  as  the  unit  or  standard.  Such  a  unit  is  hydrogen,  beci^use  it  enters  into  com* 
bination  with  a  lower  equivalent  weight  than  any  other  element. 

Bodies  then  are  said  to  be  equivalent  when  they  can  be  substitated  for  each  other  in  comtnna* 
tion,  as  in  the  above  examples.  But  there  are  many  compounds  in  which  such  a  substitution  is 
not  possible ;  in  such  a  case,  the  numbers  attached  to  the  elements  represent,  not  properly 
equivalentSf  hut  eombining  proportioTu,  {See  Atomic  Weight;  Atomicity.)  Under  the  last  named 
heading,  the  atomrfixing  power  of  an  element  is  explained.  There  is  idso  (as  we  have  seen  above) 
an  atomrditplacing  function.  As  many  atomic  units  as  an  elementary  atom  can  fix  in  a  compound 
molecule  it  can,  under  proper  conditions,  displace.  Thus,  i  part  by  weight  of  hydrogen  in  com* 
bination  with  127  parts  of  iodine,  forms  128  parts  of  hydriodic  acid.  In  such  a  compound, 
the  127  parts  of  iodine  may  be  replaced  by  80  of  bromine,  or  by  35*5  parts  of  chlorine.  Kow, 
when  the  I  127,  the  Br  80,  and  the  CI  35*5  are  said  to  be  equivalent  to  each  other  in  chemical 
combination,  the  expression  can  only  be  allowed  so  long  as  those  numbers  represent  the  respec- 
tive atomic  weights  of  those  elements.  In  this  example  the  resulting  compounds  resemble  each 
other  in  structure  as  they  resemble  the  original  compoimd  of  H  and  I ;  and  it  may  not  be 
improper  to  consider  the  atoms  of  I,  Br,  and  CI  as  equivalents,  and  also  equivalent  to  an  atomof 
H,  although  the  respective  weights  are  quite  different.' 

ATOMIC  VOLUME.  Supposing  ike  atoms  of  the  elements  to  be  identical  io  x^int  of 
magnitude,  then  the  specific  gravities  of  simple  solids  would  be  in  the  same  proportion  as  their 
atomic  weights.  This  theory  has  led  to  the  discovery  of  many  interesting  relations  between  the 
density  of  bodies  and  their  atomic  weights  ;  but  the  subject  is  of  too  technical  a  nature  to  be 
exhibited  within  the  compass  of  a  few  lines  in  a  dictionary.  The  methcKi  of  calculating  the 
atomic  weights  (also  called  Specific  Vdumi)  of  any  substance,  simple  or  Obmpound,  is  to  divide 
its  atomic  weight  by  its  specific  gravity.  This  gives  the  atomic  volume  or  space  occupied  by 
the  aggregates  of  atoms,  as  well  as  the  interstitial  spaces,  the  wei^t  of  the  volume  being  pro- 
portional to  the  atomic  weight  of  the  body. 

By  the  Atomic  Theory,  the  atomic  weight  or  its  multiple  shows  the  proportions  in  which  one 
body  combines  with  another  by  weight ;  so  the  atomic  volume  or  its  multiple  shows  the  propor- 
tions in  which  one  body  will  unite  with  another  body  by  volume.  Take  an  example  Iroia 
Watt*8  Dictionary  of  Chemistry,  where  subjects  of  thu  land  are  treated  with  great  power. 
The  atomic  voltmie  of  iodine  is  thus  found  : — 127  is  the  atomic  weight,  and  4*95  the  spedfie 
gravity,  then  ^  =  257  the  atomic  volume ;  while  in  the  case  of  silver,  i^  =  10*2  the  atomio 

volume  of  silver,  whence  it  is  inferred  that  257  volumes  of  iodine  unite  with  lO'2  volumes  of 
silver  to  form  iodide  of  silver.  Ag.  I. 

ATOMIC  WEIGHT.  In  contriving  the  Atomic  Theory^  Dalton  supposed  each  element  to 
consist  of  indivisible  atoms  (AUmi),  and  that  compounds  were  formed  by  the  union  of  two  or 
three  or  more  of  such  atoms,  which  naturally  leads  to  definite  and  multiple  proportions.  But  the 
assumption  on  which  the  atomic  theoiy  rests,  although  a  useful  instrument  in  the  pursuit  of  know- 
ledge, is  not  knowledge,  for  knowledge  is  (i.)  the  beliefs  (2.)  in  what  is  true,  (3.)  on  sufficient 
grounds.  But  the  grounds  are  not  sufficient  to  justify  the  position  that  the  elements  are  com- 
posed of  indivisible  atoms.  The  chemical  evidence  for  such  a  statement  is  wanting  ;  for  although 
the  assumption  that  indivisible  particles,  so  minute  as  to  elude  observation,  combine  particle  with 
particle,  explain  the  phenomena,  yet  the  assumption  of  particles  in  this  proportion,  and  not 
indivisible,  also  do  the  same. 
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It  mnBt  not,  therefore,  be  insisted  on,  that  the  number  attached  to  each  element  expresses 
the  weight  of  its  atom  as  compared  with  hydrogen,  the  least  ponderous  of  all  the  simple  bodies. 
Nevertheless,  while  Dalton's  great  discovery  of  the  atomic  theory  was  admitted  by  every  philo- 
sophical chemist,  the  doctrine  of  atoms  was  by  no  means  passed  with  a  unanimous  vote.  It  was 
proposed  by  Davy  to  bridge  over  the  difficulty  raised  as  to  atoms  by  the  term  proportion  or  pro- 
portiondL  This  proposal  was  more  or  less  adopted,  and  the  woid  atom  graduaJly  came  to  be 
used  in  a  sense  that  expressed  no  opinion  as  to  the  weight  of  the  ultimate  particle  of  any  one  of 
the  elements,  but  it  rather  implied  the  smallest  combining  proportion  of  a  body,  and  that,  not  in 
the  sense  of  indivisibility,  since  half  an  atom  is  frequently  referred  to.  The  retention  of  the 
word  atom  has  in  this  way  led  to  no  confusion,  since  it  is  now  admitted  that  the  proportional 
number  attached  to  each  element  is  an  unexplained  property  of  matter.  The  symbol  attached 
to  each  element  expresses  one  atomic  proportion  of  the  element  in  question  ;  CI  being  equal  to 
35*5  parts  by  weight  of  chlorine  as  compared  with  hydrogen ;  N  equal  to  14  parts  by  weight  of 
nitrogen  ;  Na  to  23  of  sodium,  and  so  on.  Oompoimds  are  expressed  by  groups  of  symbols  ; 
KaCl  (or  common  salt)  shows  that  23  parts  of  sodium  unite  with  35*5  of  chlorine  ;  while 
AsClg  shows  that  i  proportional  of  arsenium  =  75,  combines  with  3  proportionals  of  chlorine, 
=  105*5,  the  atomic  weight  of  the  compound  being  the  sum  of  the  atomic  weights  of  the  con- 
tituents. 

ATROPINE.  The  active  principle  of  the  deadly  nightshade  {Atropa  Bdladonna.)  It  is 
an  organic  alkaloid.  It  crystallises  in  thin  colourless  needles ;  readily  soluble  in  alcohol, 
slightly  so  in  water.  Its  taste  is  very  bitter,  and  it  is  highly  poisonous.  Atropine  forms  crys- 
taUisable  salts  with  adds. 

ATTRACTION.  (AtbracUo^  from  ad,  to,  and  traho,  to  draw.)  The  tendency  of  certain 
bodies  to  approach  one  another.  Attraction  is  of  two  kinds,  either  taking  place  between 
bodies  at  an  appreciable  distAncft,  or  between  particles  at  an  inappreciable  distance.  Gravita- 
tion is  of  the  former  kind,  the  molecular  attractions  of  cohesion,  magnetism,  electricity,  of  the 
latter.  The  mathematical  investigation  of  these  laws  forms  a  branch  of  applied  mathematics, 
termed  the  Calculus  of  Attraction,  which  may  be  said  to  have  been  founded  by  Newton.  In 
the  Principia  the  following  propositions  are  proved : — A  particle  outside  a  sphere,  which  is 
either  homogeneous,  or  conmsts  of  concentric  spherical  shells  of  uniform  density,  will  be  attracted 
in  the  same  manner  as  if  the  whole  mass  were  collected  at  the  centre  of  the  sphere.  A  particle 
placed  within  a  homogeneous  spherical  shell  of  small  thickness,  will  be  equally  attracted  in  all 
directions.  The  propositions  were  extended  to  ellipsoids  by  Poisson.  The  history  of  this 
branch  of  mechanics  since  the  time  of  Newton  will  be  found  in  a  memoir  by  Charles,  Sur  VAt" 
radion  des  EUipsoidet,  The  following  may  also  be  consulted  for  the  theory  of  attraction : — 
Duhamel's  Court  de  Mieanique;  Lionville's  Journal  de  Mathimatiquet,  torn.  vii. ;  Professor 
Stokes*  papers  in  Cambridge  and  Dublin  Mathematical  Journal,  voL  iv. 

ATTRACTION  AND  REPULSION,  MAGNETIC.  When  two  dissimilar  portions  of 
magnetic  matter  are  presented  to  each  other — that  is,  when  north  and  south  magnetism  are 
brought  near  to  each  other — attmction  takes  place ;  when  two  similar  portions  are  presented 
rtpuUion  is  exhibited.  The  quantitative  law  is  expressed  as  follows.  (See  Magnetism.)  Let 
unit  force  be  exerted  between  unit  portions  of  magnetic  matter,  placed  at  unit  distance,  then 
the  force  between  any  masses  m,  m*  placed  at  a  distance  d  from  eadi  other,  is  found  by  multiply- 
ing the  number  m,  m'  together,  and  dividing  by  the  square  of  cL    If  /  be  the  force  tiien 

/^  ftixm* 

and  if  the  algebraic  signs  (+)  and  ( — )  be  prefixed  to  the  quantities  nt,  m',  then  there  will  be 
repulsion  or  attraction  between  the  masses  according  as  the  sign  of  /  is  positive  or  negative. 
{^de  a!iBO  Magnetism;  Magnet;  UnU  Pole.) 

ATTRACTION  AND  REPULSION,  ELECTRIC.    See  Electrostatics. 

ATTRACTION  AND  REPULSION,  ELECTRODYNAMIC.    See  EUetrodynamics. 

ATTRACTION,  CHEMICAL.    See  Affinity. 

ATTWOOD'S  MACHINE.  A  machine  devised  by  Attwood  for  testing  experimentally  the 
laws  of  motion,  and  the  results  derived  from  the  theory  of  faUiog  bodies,  ft  consists  of  an  up- 
right beam,  usually  about  6  or  7  feet  high,  supporting  at  the  upper  extremity  a  nicely  con* 
structed  wheel  turning  on  a  horizontal  axis,  and  two  equal  weights  connected  by  a  fine  silk 
thread,  which  passes  over  a  groove  in  the  wheel.  To  diminish  friction,  the  axis  of  the  larger 
wheel  turns  on  friction  wheels.  The  pillar  is  furnished  (i.)  with  a  graduated  scale  of  feet  and 
inches,  on  which  can  be  perceived  the  space  passed  through  by  the  weight  in  a  given  time ;  (2.) 
a  moveable  ring  through  which  the  weight  on  one  side  descends  when  in  motion  ;  (3.)  a  stage 
which  can  be  screwed  to  stop  the  weight  at  any  time ;  (4.)  a  small  clock  with  pendulum  beating 
seconds. 
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At  first,  rinoe  the  two  weights  toe  equal,  they  will  be  at  rest.    A  small  moveable  bar  in  then 
placed  on  one  of  them  so  as  to  cause  it  to  descend.    The  velocity  of  the  moving  weight  con- 
tinues to  increase  untU  it  reaches  the  ring ;  here  the  bar  is  lifted  off,  and  the  weight  then 
moves  onward  with  a  uniform  velocity  equal  to  that  which  it  had  at  the  instant  when  the  bar 
was  retained  by  the  ring.    By  making  several  trials,  and  listening  to  the  ticking  of  the  clock, 
while  watching  the  space  passed  through,  the  stage  may  be  fixed  so  as  to  stop  the  weight 
exactly  one  second  after  it  has  passed  the  ring.    The  distance  between  the  stage  and  ring  ia 
then  the  measure  of  the  velocity  acquired  by  Uie  weight  and  bar  in  falling  through  the  height 
above  the  ring.   If  the  time  of  descent  to  the  ring  be  one  second,  then  the  distance  between  stage 
and  ring  measures  the  acceleration.    Thus  Attwood's  machine  furnishes  a  means  of  causing  the 
motion  of  a  body  by  means  of  a  determined  pressure  and  cutting  off  the  force  producing  motion 
at  any  point,  at  the  same  time  allowing  the  body  to  continue  its  motion  with  the  velocity 
acquired.    Hence  all  the  laws  of  motion  with  uniform  acceleration  may  be  verified  experi- 
mentally.   The  following  relation  is  found  to  exist  between  the  acceleration  and  the  weisfata  : — 
By  doubling  the  weight  of  the  bar,  and  keeping  the  larger  weights  the  same,  we  double  the 
acceleration  ;  and  always  we  increase  the  acceleration  in  proportion  as  we  increase  the  weight 
of  the  bar.     If  we  keep  the  bar  the  same,  but  double  the  weight  moved,  we  diminish  the  acce- 
leration one  half ;  and,  generally,  as  we  multiply  the  whole  weight  moved,  we  divide  the 
acceleration.    Thus,  the  acceleration  varies  directly  as  the  pressure,  and  inversely  as  the  mass 
moved.     (See  Laws  of  Motion,)    One  important  advantage  secured  by  Attwood's  machine  is, 
that  we  may  make  the  aoceleration  aa  small  as  we  please  by  making  the  sum  of  the  weighte 
large,  and  their  difference  sufficientiy  small,  and  thus  render  the  motion  slow  enough  to  be 
obmrved  without  difficulty.    (See  FaEUng  Bodies.) 

AURA  ELECTRIC  A  {Electric  Breeze.)  A  name  sometimes  applied  to  the  currenta  of 
air  which  proceed  from  a  point  connected  wiUi  a  charged  body,  such  as  a  needle  attached  to  the 
prime  conductor  of  an  electric  machine  which  is  being  worked.  The  existence  of  these  cunenta 
of  air  can  be  easily  felt  on  bringing  the  hand  or  the  face  near  to  the  point,  or  shown  by  placing 
a  lighted  candle  in  front  of  it.  The  flalne  is  powerfully  repelled,  and  the  candle  may  even  bo 
blown  out.  Several  electric  toys  are  constructed  to  take  advantajg^  of  these  currents.  Thus,  in 
the  electric  mill,  a  small  whecu,  furmshed  with  paper  waves,  is  turned  by  means  of  it ;  or  a 
piece  of  wire,  with  its  points  bent  at  right  angles,  and  balanced  on  a  point  upon  the  prime  con- 
ductor, revolves  on  the  same  principle  ss  does  Barker's  hydrostatic  reaction  wheel 

AURIGA  In  astronomy  {the  Charioteer^  one  of  Ptolemy's  northern  consteUatioos.  It 
contains  tiie  bright  star  Capella,  and  is  crossed  by  the  Milky  Way. 

AURORA  BOREALIS,  or  Northern  Light ;  or,  as  it  is  more  properly  called.  Polar  Light, 
there  being  also  an  Aurora  Atutralie.  A  well-known  luminous  phenomenon  which  is  always 
accompani^  by  powerful  disturbances  of  terrestrial  magnetism  and  electricity.  We  extract  the 
following  excellent  description,  by  Humboldt,  from  De  La  Rive's  Treatise  on  Electricity,  where 
yenr  full  details  on  the  subject  may  be  found. 

"An  Aurora  Borealis  is  always  preceded  by  the  formation  in  the  horizon  of  a  sort  of  nebular 
veil  which  slowly  ascends  to  a  height  of  4°,  6%  8**,  and  even  to  IO^  It  is  towards  the  magnetic 
meridian  of  the  place  that  the  sky,  at  first  pure,  commences  to  set  brownish.  Throu^  this 
obscure  segment,  the  colour  of  which  passes  from  brown  to  violet,  the  stars  are  seen  as  through 
a  thick  fog.  A  wider  arc,  but  one  of  brilliant  light,  at  first  white,  then  yellow,  bounds  the 
dark  segment.  Sometimes  the  luminous  arc  appears  agitated  for  entire  hours  by  a  sort  of 
effervescence  and  by  a  continual  change  of  form  before  the  rising  of  the  rays  and  columns  of 
light  which  ascend  as  far  as  to  the  zenitiL  The  more  intense  the  emission  is  of  the  polar  light 
the  more  vivid  are  its  colours,  which  from  violet  and  bluish  wliite  pass  through  all  the  inter- 
mediate shades  to  green  and  purple  red.  Sometimes  the  columns  of  light  appear  to  come  out 
of  the  brilliant  arc  mingled  with  blackish  rays  similar  to  a  thick  smoke.  Sometimes  they  rise 
simultaneously  in  different  points  of  the  horizon ;  they  unite  themselves  into  a  sea  of  flames,  the 
magnificence  of  which  no  painting  could  express,  snd  at  each  instant  rapid  undulations  cause 
their  form  and  brilliancy  to  vary.  Motion  appears  to  increase  the  visibility  of  the  phenomenon. 
Around  the  point  in  the  heaven  which  corresponds  to  the  direction  of  the  dipping  needle  pro- 
duced, the  rays  appear  to  assemble  together  and  to  form  a  boreal  corona^  It  is  rare  that  tiie 
appearance  is  so  complete  and  is  prolonged  to  the  formation  of  the  corona,  but  when  the  latter 
appears  it  always  announces  the  end  of  the. phenomenon.  The  rays  then  become  more  rare, 
shorter,  and  less  vividly  coloured.  Shortly  nothing  further  ib  seen  on  the  celestial  vault  i^»^ 
wide  motionless  nebulous  spots  pale  or  of  an  ashy  colour ;  they  have  already  disappeared  when 
the  traces  of  the  dark  segment  whence  the  appearance  originated  are  still  remaining  on  the 
horizon." 

A  French  Scientific  CommiBsion  in  1838-9  examined  the  phenomenon  at  Bosekop,  lat  70*  N, 
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and  their  results  are  pablished  by  MM.  Brftvais  and  Lottm,  two  of  the  members,  in  the  Arch 
des  Sc.  Phjs.  We  regret  that  our  limits  will  not  permit  us  to  insert  their  description  of  this 
wonderful  phenomenon  as  seen  in  northern  regions.  It  appears  that  the  aurora  is  keldom 
wanting  there  ;  in  fact,  that  it  may  be  assumed  to  exist  every  night  but  with  varying  intensity. 
Before,  the  occurrence  of  an  aurora,  and  after  its  disappearance,  the  magnetic  needles  are 
observed  to  be  strongly  and  steadily  affected.  While  it  is  going  on  sudden  and  powerfid 
perturbations  take  pliMse.  This  may  be  beautifully  seen  by  using  a  very  light  and  small  needle, 
such  as  that  suspended  in  a  Thomson's  galvanometer.  The  needle  is  kept  in  a  state  of 
perpetual  agitation ;  generally  speaking,  at  each  pulsation  of  the  light  it  starts  in  one  direction 
traversing  a  space  of  several  degrees.  Telegraph  wires  are  also  frequently  affected  to  such  an 
extent  tlukt  the  sending  of  messages  is  for  the  time  being  impossible. 

It  is  thus  certain  that  the  phenomenon  has  an  electric  origin.  De  La  Rive  first  propounded 
the  theory  that  it  is  due  to  discharges  of  electricity  taking  place  through  the  highly  attenuated 
air  at  a  distance  from  the  earth ;  and  to  illustrate  it  he  devised  a  beautiful  experiment,  in 
which  the  electric  light  in  a  Geissler's  tube  is  shown  to  take  a  rotatoir  motion  round  the  pole  of 
an  electro-magnet  similar  to  the  motion  observed  in  the  Aurora  Boreaus  from  east  to  west.  Mr. 
Balfour  Stewart  supposes  that  auroras  and  earth  currents  are  secondary  currents  due  to  changes 
in  terrestrial  magnetism. 

Sabine  showed  that  there  is  a  period  of  greatest  frequency  for  magnetic  storms'  and  for  aurone, 
and  that  this  period  is  coincident  with  that  of  the  maximum  appearance  of  the  sun's  spots. 

AURORA  BOREALIS,  SPECTRUM  OF.  J.  A  Angstrom  has  observed  the  q)ectrum  of 
the  Aurora  Borealis,  and  finds  it  to  be  almost  mono-chromatic,  consisting  of  a  single  bright  line  to 
the  left  of  the  well-known  group  of  calcium  lines.  With  a  wide  slit  traces  of  three  other  bands 
are  also  seen.  (See  Poggendorff's  AnTuden,  May  1869.)  Professor  Winlock,  examining  the 
auroral  spectrum,  found  it  to  consist  of  four  green  lines  and  one  blue  one.  Three  of  the  green 
lines  coincide  with  lines  seen  in  the  spectrum  of  the  corona,  as  observed  by  Professor  Young 
during  the  total  solar  eclipse  of  August  1869.    (See  Spectruin,) 

AURUM  MUSIVUM.    See  Tin,  SvlpMdet. 

AUTUMN.  (Autumnui.)  In  astronomy  the  time  occupied  by  the  sun  in  passing  from  the 
autumnal  equinox  to  the  winter  solstice.  As  the  earth  is  in  pmhelion  near  the  time  of  the 
winter  solstice,  her  motion  during  autumn  is  swifter  than  during  the  two  preceding  seasons — 
spring  and  sumxAer.  Hence  the  duration  of  astronomical  autumn  is  less  than  one-fourth  of  a 
year.    Its  exact  length,  at  present,  is  89  days  16  hours,  and  47  minutes.    (See  Seoion^.) 

AUTUMNAL  EQUINOX  The  time  at  which  the  sun  passes  from  the  northern  to  the 
southern  side  of  the  equator.    (See  Equinox,  Equinoetial,  Libra,  &c) 

AUTUMNAL  POINT.  One  of  the  points  in  which  the  ecliptic  crosses  the  equator.  At 
this  point  the  ecliptic — taken  in  the  order  of  the  signs — ^passes  from  north  to  south  of  the 
equator.    The  point  is  also  called  the  first  point  of  Libra,    (See  Libra.) 

AVENTURIN  QUARTZ.    See  Quartz. 

AVOGADRO*S  LAW.  This  law  asserts  that  equal  volumes  of  different  gases,  at  the  same 
pressure  and  temperature,  contain  an  equal  nxmiber  of  molecules.  It  was  propounded  by  Signer 
Avogadro,  whose  name  is  also  well  known  in  connection  with  experiments  on  the  tension  of  the 
vapour  of  mercury.  Quite  recentiy  Professor  Neumann  has  deduced  the  law  mathematically 
from  the  first  principles  of  the  mechanical  theory  of  gases.  (See  Berichte  der  DeuUcken  Chemt' 
Khen  OesetUchaft  zu  Berlin,  p.  69a     1869.) 

AXIS,  MAGNETIC,  is  generally  defined  to  be  the  line  joining  the  poles  of  a  magnet. 
As,  however,  the  word  pole  is  used  very  indefinitely,  we  quote  the  foUowing  explanatory  defini- 
tion from  a  paper  by  Sir  W.  Thomson  on  the  mathematical  theory  of  magnetism.  (PhU.  Mag. 
1851.)  ''Conceive  a  magnet  to  be  supported  by  its  centre  of  gravity  and  left  perfectly  free  to 
turn  round  this  point.  If  the  body  be  placed  in  a  position  of  equilibrium  there  is  a  certain  axis 
such  that  if  the  body  be  turned  round  it  through  any  angle  and  brought  to  rest,  it  will  remain 
in  equilibrium.  If  the  body  be  turned  through  180^  about  an  axis  perpendicular  to  this,  it  will 
again  be  in  a  position  of  equilibrium.  Any  motion  of  the  body  whatever  which  is  not  of  either 
of  the  kinds  just  described,  nor  compounded  of  the  two,  wiH  bring  it  into  a  position  in  which  it 
will  not  be  in  equilibrium."    The  axis  so  described  is  called  the  magnetic  axis  of  the  body. 

AXIS  OF  AN  ORBIT.  The  major  axis  of  a  planet's  orbit  is  the  apridal  Une  {q.  v.) ;  the 
minor  axis  is  a  line  at  right  angles  to  the  former  through  its  middle  point. 

AXIS  OF  CRYSTALS.    See  CfryttaU,  OpUe  Axis  of. 

AXIS  OF  LENSES.  The  axis  of  a  lens  is  a  line  passing  through  the  centre  of  its  curved 
surface  or  perpendicular  to  its  plane  surface. 

AXIS  OF  A  PLANET.    The  imaginary  Une  upon  which  the  planet  rotates. 

AXLE.    (Saxon,  cex;  Danish  and  Swedish,  axd.)    A  piece  of  timber  or  bar  of  iron  fitted  for 
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insertion  in  the  naves  of  wheels.  The  axles  of  the  wheels  of  ordinary  vehicles  are  fixed,  and  the 
wheels  rotate  upon  them ;  but  in  railway  carriages  the  axles  rotate  m  ith  the  wheels,  and  both 
form  one  piece.  The  extremities  of  the  axles  project  beyond  the  wheels  and  support  the  bearinffg 
of  the  carria^. 

AXLE,  WHEEL  AND.    See  Whed  and  Asde, 

AZ  ALEINE.  Another  name  for  Eoeaniline,  the  base  of  one  of  the  aniline  dyes.    See  AnUine. 

AZELFAFAGE.  A  star  in  the  constellation  Gygnus.  It  is  now  inconspicuous,  but  was 
probably  once  a  bright  orb.     It  is  lettered  r^  in  the  nomenclature  of  Bayer. 

AZIMUTH.  (Arabic.)  In  astronomy  the  azimuth  of  a  celestial  body  is  the  angle  between 
two  planes,  through  the  station  of  the  observer,  one  passing  through  the  zenith  and  the  body, 
and  the  other  passing  through  the  zenith  and  the  north  and  south  points  of  the  horizon. 
Azimuths  are  measured  through  iSo**,  and  in  general  from  the  north  or  south  point  of  the 
horizon,  according  as  the  north  or  south  pole  of  tiie  heavens  is  above  the  horizon. 

AZIMUTH  CIRCLES.    The  same  as  VeHical  CireUi,  q,  v. 

AZIMUTH  COMPASS.    See  Compau, 

AZOTE.     See  Nitrogen, 

AZOTIC  ACID.    See  Niirie  Acid. 


BACK  STROKE.    «ee  Return  Stroke, 

BALANCE.  {Bilanx,  having  two  scales  ;  from  hi»,  twice,  and  lanx^  a  scale  or  plate.)  One 
of  the  simplest  applications  of  mechanical  principles  belonging  to  the  first  great  class  of  machinea. 
(See  Mechanical  Powers.)  It  is  a  lever  of  the  &tit  kind,  the  fulcrum  being  between  the  power 
and  the  weight.  It  is  conmionly  used  to  ascertain  the  weight  of  bodies  in  comparison  with  the 
standard  units  of  weight.  The  ordinary  balance  consists  essentially  of  a  metallic  bar  or  lever, 
called  the  beam,  either  delicately  suspended,  or  supported  on  a  stand  bv  the  intervention  of  a 
wedge-shaped  prism,  technically  termed  a  knife-edge,  exactfy  at  its  middle  point.  An  index  ia 
fixed  at  right  angles  to  the  beiun,  and  made  to  trav^  over  a  graduated  arc,  so  as  to  show  when 
the  beam  is  horizontal.  A  scale-pan  is  suspended  from  each  end  of  the  lever.  Since  the  arms 
of  the  balance  are  equal,  it  is  plain  that  there  cannot  be  equilibrium  unless  the  weights  placed 
in  each  scale  are  equal  (See  Lever.)  When  this  is  the  case,  the  beam  is  perfectly  horizontal, 
and  the  index  vertical.  The  balance  is  then  said  to  be  true.  When  the  beam  is  horizontal  with 
imequal  weights,  the  balance  is  false.  Thus  it  is  easy  to  test  the  truth  of  a  balance  by  first 
placing  in  the  scales  weights  which  apparently  are  equal,  and  then  transferring  each  into  the 
other  scale.  If  the  weights  are  not  r^dly  equal,  one  of  them  will  appear  heavier  than  the  other 
after  the  transfer.  There  are,  however,  two  methods  of  finding  the  exact  weight  of  a  body  by 
means  of  a  false  baJance.  The  body  may  be  weighed  with  standard  weights  in  each  Scale 
successively,  and  the  true  weight  is  tiie  mean  proportional  between  the  two  apparent  weights. 
Thus,  if  a  body  appears  to  weigh  4  lbs.  in  one  scale,  and  9  lbs.  in  another,  its  real  weight  is  6 
lbs.  Or  the  body  (placed  in  one  scale)  may  be  balanced  by  a  sufficient  quantity  of  any  conve- 
nient substance,  sand,  for  instance,  so  that  the  beam  ia  horizontal ;  and  then  replaced  by  stan- 
dard  weights  until  the  sand  is  balanced ;  the  weight  thus  obtained  is  the  true  one. 

The  requisites  of  a  good  balance  are  these : — (i.)  It  should  have  its  beam  in  stable  equili- 
brium (see  EquUibrium)f  for  which  purpose  the  centre  of  gravity  of  the  beam  and  its  appen- 
dages should  fall  a  little  below  the  knife-edge.  (2.)  Both  when  me  scales  are  empty,  and  when 
equal  weights  are  placed  in  them,  the  beam  should  be  horizontal  and  the  index  vertical ;  the 
arms,  of  course,  being  exactly  equal  to  one  another.  (3.)  It  is  of  great  importance  that  the 
balance  should  be  very  sensitive,  and  indicate  very  slight  inequalities  in  the  weights.  The 
sensibility  of  a  balance  becomes  greater  (a)  as  the  length  of  the  arms  is  increased,  which  aug- 
ments the  difference  in  moment  about  the  fulcrum,  due  to  difference  of  weight ;  (6)  as  the  weight 
of  the  beam  is  diminished  ;  for,  when  the  beam  is  displaced  by  the  inequality  of  the  weights,  its 
own  weight  gives  it  a  tendency  to  return  to  its  first  position.  But  this  diBpIacement  is  less  for 
a  given  inequality  in  the  weights  as  the  weight  of  the  beam  is  increased ;  so  that  the  less  the 
beam  weighs,  the  more  sensitive  it  becomes. 

A  form  of  balance,  more  convenient  for  counterpoising,  but  less  exact  than  the  common  f onn, 
is  that  in  which  the  scale-pans  are  placed  above  the  beam.  For  other  balances  having  unequal 
arms,  &c.,  see  Steelyard, 

BALANCE,  BIFILAR,  or  BIFILAB  MAGNETOMETER  First  constructed  by  Sir  W. 
Snow  Harris,  and  improved  by  Weber  and  Grauss,  consists  of  a  bar  magnet  suspended  horiion- 
tally  by  two  equal  vertical  fibres  or  wires,  whidi  are  accurately  adjusted  so  as  to  divide  the 
weight  of  the  bar  equaUy  between  them.  When  the  bar  turns,  the  fibres  become  inclined  to  the 
vertical,  and  the  bar  is  raised.    If,  then,  the  tension  of  the  fibres  be  neglected,  the  meamire- 
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ment  of  the  force  tending  to  turn  the  magnet  is  made  by  comparing  it  with  the  weight  of  the 
bar  itself.  In  order  that  the  deflections,  which  are  very  small,  may  be  read  from  some  distance, 
and  with  very  great  accuracy,  Weber  and  Gauss  attached  to  the  bar  a  plane  mirror,  and  placed 
a  scale  opposite  to  it,  at  some  distance  from  it.  The  divisions  of  the  scale  reflected  in  the  mirror 
are  read  ofif  by  means  of  a  telescope,  and  by  this  means  it  is  of  course  easy  to  calculate  the 
angle  through  which  the  magnet  has  turned.  The  principle  has  been  adopted  in  magnetic 
observatories.  A  full  description  of  Sir  W.  S.  Harris'  balance  is  to  be  found  in  the  Transactions 
of  the  Boyal  Society  for  1836. 

BALANCE  OF  BOBERYAL.  A  balance  composed  of  a  jointed  rectangle,  the  middle 
points  of  two  opposite  sides  of  which  are  attached  to  two  fixed  joints  in  the  same  vertical  line, 
the  other  two  opposite  sides  having  two  exactly  equal  bars  attached  perpendicularly  to  these 
sides  at  their  middle  points.  When  equal  weights  are  suspended  &om  the  arms,  they  will 
always  balance  each  other  wherever  may  be  the  points  of  suspension.  The  instrument  was 
devised  by  Roberval,  a  French  mathematician  of  the  seventeenth  century,  to  illustrate  the  seemine 
paradox  of  equal  weights  balancing  each  other  with  unequal  aims.  The  first  to  give  a  fuS 
explanation  of  the  phenomenon  was  Poinsot,  who  applied  to  it  the  theory  of  couples,  of  which 
he  was  the  discoverer.     (See  Poinsot's  EUments  de  StcUique.) 

BALANCE,  TORSION.  This  instrument  was  invented  and  used  by  M.  Coulomb  for  the 
purpose  of  investigating  the  laws  of  electric  attraction  and  repulsion,  and  of  the  distribution  of 
electricity  upon  the  surface  of  a  conductor.  It  was  afterwards  employed  by  Faraday  in  a 
slightly  modified  form  in  his  celebrated  experiments  on  statical  electricity,  and  as  this  is  the 
form  in  which  it  is  now  generally  used  we  shall  so  describe  it.  The  exterior  case  of  the  instru- 
ment is  a  hollow  cylinder  of  glass  about  9  inches  in  diameter  and  8  inches  high  placed 
with  its  axis  vertical  on  a  convenient  mahogany  plate  which  is  furnished  with  levelling 
screws.  The  top  of  the  cylinder  is  covered  with  a  circular  glass  plate,  in  the  centre  of  which  a 
round  hole  is  cut.  In  this  hole  is  inserted  the  extremity  of  a  glass  tube  0'8  inches  in  diameter 
and  16  inches  high ;  and  the  upper  part  of  the  tube  is  dosed  with  a  circular  mahogany  cap, 
the  top  of  which  is  divided  into  degrees.  A  tbin  bar  passes  downwards  through  the  middle  of 
the  cap  and  is  capable  of  turning  in  its  socket ;  and  it  has  a  pointer  which  moves  over  the 
graduated  circle  attached  to  its  upper  end.  To  the  lower  end  is  fastened  a  very  fine  thread  of 
glass  which  passes  vertically  down  through  the  tube  into  the  glass  cylinder.  And  this  carries  a 
light  arm  of  glass  or  of  shell-lac  which  swings  horizontally  in  the  glass  cylinder,  being  furnished 
at  one  end  with  a  light  gilded  ball  of  elder  pith  and  at  the  other  with  a  counterpoise.  The 
length  of  the  horizontal  arm  is  but  little  less  than  the  diameter  of  the  glass  cylinder.  If  now 
any  force  be  applied  to  turn  this  arm  it  is  redsted  by  the  force  of  torsion  of  the  glass  fibre  by 
which  it  hangs  ;  and  according  to  Hookers  well-known  law,  ut  tenMo  sic  vis,  the  angle  through 
which  the  arm  is  turned  is  simply  proportional  to  the  force  applied.  The  angle  is  read  off  on  a 
scale  pasted  round  the  body  of  ^e  cylinder  on  a  level  with  the  moveable  arm.  Through 
another  hole  cut  in  the  covering  plate  of  the  cylinder  an  electrified  body  can  be  let  down. 
This  is  generally  a  second  gilded  pith  ball  insulated  on  a  sheU-lac  stem  and  exactly  similar  to 
the  first,  and  the  hole  in  the  cover  is  arranged  so  that  the  pith  ball  when  in  its  place  shall  be 
opposite  zero  on  the  scale  just  mentioned.  The  use  of  the  instrument  is  readily  understood 
from  what  has  been  said.  For  if  the  swinging,  or,  as  we  may  call  it,  the  moveable  ball  be  brought 
opposite  zero  on  the  lower  scale,  and  the  second  pith  ball  be  electrified  and  introduced  into  its  place, 
on  contact  taking  place  the  two  balls  will  be  simih^ly  electrified,  and  will  repel  each  other  to  a 
certain  distance.  The  force  with  which  they  repel  is  calculated  by  observing  the  angle  of 
torsion.  By  now  turning  the  bar  at  the  top  from  which  the  glass  fibre  is  suspended  the  dirtance 
is  altered  and  the  force  of  repulsion  also ;  the  amount  of  this  repulsion  is  again  determined  from 
the  angle  of  torsion.  To  examine  the  force  of  attraction  the  moveable  ball  is  electrified  and 
then  turned  from  zero  to  a  certain  position.  On  introducing  the  second  ball  into  its  place 
charged  with  the  opposite  kind  of  electricity  attraction  takes  place,  the  amount  of  which  may  be 
determined  in  a  similar  way. 

BALANCE  WHEEL.  A  contrivance  for  producing  the  same  regulating  effect  in  watches 
and  in  marine  time-pieces  as  the  pendulum  in  clocks.  Since  the  pendulum  must  be  fixed  at 
some  stationary  point  in  order  to  vibrate,  it  cannot  be  used  for  those  chronometers  which  are 
to  work  while  carried  about  either  on  land  or  at  sea  ;  and  for  these  some  regulator  is  required 
which  will  not  be  disarranged  by  a  change  of  position.  Such  an  instrument  is  found  in  the 
balance  wheel.  Just  beneath  this  wheel  a  veiy  fine  steel  spring,  much  smaller  than  the  main- 
gpiing,  is  attached  by  one  end  to  the  central  part  of  it,  and  by  the  other  to  some  suitable  point 
near  tiie  rim  of  the  wheeL  When  the  spring  is  drawn  aside  it  tends  to  return  to  its  normal 
form,  and  by  the  velocity  acquired  in  "tins  recoil  it  passes  to  an  equal  distance  on  the  opposite 
aide  of  its  original  position.    Thus  its  oscillations  become  isochronous  for  reasons  analagous  to 


BAL  64  BAR 

those  in  the  case  of  the  pendulum.  The  balance-wheel  is  connected  with  the  general  Bystem  of 
wheel  work  in  the  watch,  and  is  therefore  moyed  from  rest  by  the  mainspring  (an  eBci^>einent 
wheel  being  interposed).  Gonseqtiently  its  isochronous  oscillations  are  produced  at  the  same 
time  as  the  other  movements,  and  so  regulate  the  motion  of  the  whole  system  of  wheel  work. 
(See  Horology ^  Pendwiwi^  laochromim.) 

BALL  AND  SOCKET.  {Socket,  an  opening  into  which  anything  is  fitted  ;  diminutive  of 
$ock — a  form  eTisting  in  all  the  languages  of  Western  Europe^  denoti^  a  ooTering  for  the  foot, 
especially  UU.  tocQUSf  the  low-heeled  shoe  worn  by  comic  actors,  in  contrast  to  the  buskin  worn 
in  tragedy.)  A  description  of  joint  used  for  connecting  parts  of  machinery  so  as  to  allow  one  of 
the  parts  to  move  in  any  direction.  The  connected  parts  are  usually  two  rods,  one  of  which 
has  a  solid  spherical  metallic  ball  attached  to  its  extremity,  and  the  other  a  hollow  sphere  or 
iocket;  tiie  internal  diameter  of  the  socket  being  exactly  equal  to  the  external  diameter  of  the 
ball,  so  that  the  latter  exactly  fits  the  former.  The  soocet  is  not  complete,  but  consists  of  so 
much  of  the  sphere  as  is  necessary  to  prevent  the  ball  from  being  pulled  out  <d  it.  (See 
Joint.) 

BALLISTIC  PENDULUM  (Bobin*s).  {BaUisHque,  pertaining  to  projectiles ;  pdXKetw,  to 
throw.)  Hub  is  a  machine  used  to  ascertain  the  velocity  with  whidi  a  shot  leaves  the  month  of 
a  cannon.  In  its  simplest  form  it  consists  of  a  large  blodc  of  wood  suspended  from  a  knife-edge 
in  front  of  the  mouth  of  the  cannon,  having  some  means  of  measuring  the  angle  through  whidi 
the  beam  oscillates.  The  wood  is  plated  on  the  outer  aide  wiUi  iron.  When  the  shot  is  fired 
into  the  mass  it  lodges  there,  and  causes  it  to  move  through  a  certain  angle.  When  the  magni- 
tude of  this  angle  is  known,  together  with  the  centres  of  suspension  and  oscillation  of  the  maas, 
the  velocity  of  the  shot  can  be  detenmned  by  calculation. 

BALLOON.  {BcUlon,  a  little  balL)  A  machine  which,  filled  either  with  heated  air,  or  with 
gas  specifically  lighter  than  the  atmosphere,  can  float  in  the  air,  supporting  at  the  same  time  a 
greater  or  less  weight. 

Montgolfier  made  the  first  balloon  in  1783.  It  was  a  fire-balloon — ^that  is,  the  air  within 
it  was  heated  and  so  rarefied.  Fire-balloons  are  too  unsafe,  however,  to  be  trusted  by  aero- 
nauts, and  the  common  practice  now  is  to  employ  a  light  gas  (oarburetted  hydrogen.)  The 
balloon  is  only  partially  filled,  because,  as  it  rises,  and  the  pressure  of  the  air  diminishes,  it 
would  burst  had  it  been  actually  filled  at  a  lower  leveL 

For  the  history  of  ballooning,  the  reader  is  referred  to  Hatton  Tumor's  Attra  Ccutra, 

Becentiy  Mr.  Glaisher  has  made  several  ascents  in  Mr.  Coxwell's  balloon,  for  the  purpose  of 
investigating  the  condition  of  the  upper  regions  of  the  air.  He  has  in  this  way  been  enabled 
to  add  importantly  to  our  knowledge  of  the  laws  which  regulate  the  temperature  of  the  air  at 
different  levels,  besides  obtaining  an  insight  into  the  characteristics  of  the  various  orders  of 
doudB,  which  no  amount  of  study  by  observers  at  the  earth's  surface  could  possibly  have  secured. 
One  of  his  ascents  with  Mr.  CoxweU  was  specially  remarkable,  as  indicating  the  extreme  limits 
of  height  to  which  men  can  hope  to  attain.  In  this  ascent,  when  the  balloon  had  attained  a 
height  of  nearly  6  miles,  Mr.  Glaisher  became  insensible.  Mr.  Coxwell,  after  endeavouring  to 
rouse  Mr.  Glaisher,  found  that  he  was  himself  losing  his  strength.  Indeed,  he  was  unable  to 
use  lus  hands,  and  had  he  not  succeeded  in  pulling  the  valve-string  with  his  teeth,  he  and  Ins 
companion  must  inevitably  have  perished.  The  height  attained  before  the  string  was  palled, 
would  seem,  from  an  observation  made  by  Mr.  Coxwell,  to  have  been  about  6^  miles.  At  this 
time  the  temperature  was  12  degrees  bebw  zero,  and  the  neck  of  the  balloon  was  covered  with 
hoarfrost. 

It  is  worth  noticing,  however,  that,  although  it  would  seem  from  this  experience  that  no  one 
accustomed  to  breathe  the  air  at  ordinary  levels  can  hope  to  attain  a  greater  height  than  6( 
miles,  it  is  not  impossible  that  those  who  pass  their  lives  at  a  great  height,  as  the  ii^bitants  of 
Potosi,  Bogota,  and  Quito,  might  safely  ascend  to  a  far  greater  height.  We  know  that  De 
Saussure  was  unable  to  consult  lus  instruments  when  he  was  at  no  higher  level  than  these  towns, 
and  that  even  his  guides  fainted  in  trying  to  dig  a  small  hole  in  the  snow ;  whereas  the  inhabi- 
tants of  the  towns  thus  exceptionally  placed,  are  able  to  undergo  violent  exercise.  We  may 
assume,  therefore,  that  their  powers  are  exceptionally  suited  to  such  voyages  as  those  in  whid^ 
Glaisher  and  Coxwell  so  nearly  lost  their  lives. 

B  AKIUM.  ificLp&i,  heavy.)  The  metallic  basis  of  the  earth  baryta,  which  latter  body  was  first 
recognised  as  a  distinct  substance  by  Scheele  in  1774,  the  metal  being  obtained  by  Davy  in  1808. 
Its  symbol  is  Ba,  and  atomic  weight  68'$.  It  is  of  a  silver>white  colour,  rapidly  oxidising  in  tiie 
air.  The  most  important  compounds  are  as  follows  : — Oxide  of  barium  or  baryta  (Ba,0),  pre- 
pared by  igniting  nitrate  of  barium.  (See  Nitrates.)  It  is  a  greyish-white  friable  mass  of 
specific  gravity  5*54,  soluble  in  water,  forming  a  strongly  alkaline  solution.  Sprinkled  with  a 
Email  quantity  of  water,  it  foims  a  white  hydrate,  with  great  evolution  of  heat  and  expansion 
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of  volume ;  its  formula  Is  BaHO ;  when  dissolved  in  water  and  ciyBtallised,  it  separates  in 
transparent  colourless  prisms,  which  contain  four  atoms  of  water. 

Per-ooeide  of  Barium  (BaO),  a  gray  powder  foimed  when  baiyta  ia  heated  to  dull  redness  in  air, 
or  oxygen.  At  a  strong  red  heat  it  gives  up  this  additional  quantity  of  oxygen,  and  hence  has 
been  proposed  by  Boussingault  as  a  means  of  extracting  oxygen  from  the  air.  Per-oxide  of 
barium  is  slightly  soluble  in  cold  water ;  it  is  readily  decomposed  with  evolution  of  the  extra 
equivale-^t  of  oxygen. 

Chloride  of  Barium  (BaCl),  forms  transparent  colourless  tabular  cnrstals  which  contain  water. 
It  dissolves  readily  in  water,  slightly  so  in  strong  acids,  and  is  almost  insoluble  in  alcohol. 
For  other  salts  of  barium,  see  the  respective  acids. 

Barium  compounds  heated  before  the  blow-pipe  communicate  a  beautiful  green  colour  to  the 
flame.    (See  Coloured  Flames.) 

BARKER'S  MILL ;  or,  Segnev^s  Wked.  Since  every  equal  unit  of  surface  of  a  vessel  fuU  of 
water  is  subject  to  a  pressure  proportional  to  the  depth  of  the  unit  below  the  surface  (see 
Presture  through  Liquvds,  also  Lateral  Pressure  of  Liquids),  every  unit  of  surface  at  the  same 
depth  is  equally  pushed  outwards.  For  each  such  pressure  on  one  side  of  the  vessel  there  is  an 
equal  and  opposite  pressure  on  the  other,  whereby  the  whole  vessel  is  kept  in  equilibrium.  If 
one  such  unit  of  area  be  removed — that  is,  if  a  hole  be  cut  in  the  side  of  a  vessel  of  water — ^the 
"Water  in  flowing  out  will  no  longer  be  able  to  press  upon  the  surface  which  has  been  removed, 
but  will  nevertheless  continue  to  press  with  equal  force  on  the  opposite  unit  of  area.  The  con- 
sequence will  be  that  the  vessel  will  be  urged  in  the  direction  opposite  to  that  in  which  the 
water  flows  out.  Barker's  Mill  in  its  simplest  form  consists  of  a  j/tihA-ped  tube,  the  stem  of 
which  is  vertical,  and  the  cross-piece  downwards.  The  ends  of  the  cross-piece  are  dosed,  the 
end  of  the  vertical  tube  ia  open.  The  whole  is  supported  on  a  pivot  at  the  joint  where  the 
two  tubes  meet  one  another.  If  such  a  tube  be  filled  with  water,  it  will  remain  at  rest.  If, 
however,  opening  be  made,  one  on  one  side  of  one  limb  of  the  lower  tube,  and  the  other  on  the 
opposite  side  of  uie  other  limb,  water  wiU  flow  out  of  both  of  these  openings,  and  the  corres- 
ponding pressures  on  the  other  sides  of  the  two  limbs  will  cease  to  be  counterbalanced.  Being 
on  opposite  sides  of  the  pivot,  and  on  opposite  sides  of  the  tube,  they  will  assist  one  another  in 
turning  the  whole  instrument  round  on  the  pivot.  This  motion  is  continuous,  provided  the 
open  upright  tube  be  continually  supplied  with  water.  By  increasing  the  number  of  cross-tubes 
below,  and  having  numerous  holes  in  one  sense  in  all  of  them,  the  total  effect  may  be  greatly 
increased,  as  also  by  increasing  the  height  of  the  upright  tube,  and  thereby  the  pressure  of  the 
water.  A  practical  objection  arises  from  the  great  loss  by  friction  when  a  long  heavy  tube  of 
water  rests  on  the  pivot.  To  remove  this  the  water  is  sometimes,  and  with  advantage,  intro- 
duced from  below. 

BAROMETER,  (pdpoi,  weight,  and  lUrpovy  measure.)  An  instrument  invented  in  1643 
by  Torricelli,  for  measuring  the  pressure  of  the  air ;  one  of  the  best  known,  as  it  is  one  of  the 
most  important  of  the  scientific  instruments  used  in  our  day.  The  experiment  by  which 
Torricelli  established  the  principle  of  the  barometer  may  be  thus  described : — 

If  a  glass  tube  about  33  inches  long  be  filled  with  mercury,  and  the  open  end  plunged  into  a 
vessel  of  that  metal,  the  column  of  mercury  will  be  seen  to  sink  till  its  surface  is  about  30  inches 
above  the  surface  of  the  mercury  in  the  open  vessel.  The  pressure  of  the  air  on  the  latter  sur- 
face now  balances  the  weight  of  the  mercurial  column.  For  this  column  is  kept  in  equilibrium 
by  two  forces  only,  its  weight  acting  downwards,  and  the  upward  pressure  exerted  by  that  part 
of  the  mercury  which  lies  in  the  tube  on  the  same  level  as  the  surface  in  the  bowl,  and  this 
latter  pressure  by  the  principles  of  hydrostatics  is  the  same  as  the  pressure  on  any  equivalent 
portion  of  the  exposed  surface  of  the  mercury.  Thus  the  height  of  the  supported  column  affords 
a  measure  of  the  pressure  exerted  by  the  atmosphere. 

All  mercurial  barometers  are  constructed  with  the  object  of  measuring  this  supported  column 
of  mercury.    There  are  two  principal  varieties — cistern  barometers  and  siphon  barometers. 

In  the  dstem  barometer  the  Torricellian  experiment  is  simply  reproduced.  The  object  chiefly 
aimed  at  in  all  varieties  of  this  instrument  is  the  exact  estimation  of  small  changes  in  the  height 
of  the  mercurial  column.  If  the  dstem  be  of  a  considerable  cross-section  (horizontally)  the  fall 
of  the  column  in  the  tube  does  not  considerably  affect  the  level  of  the  free  surface.  Still  the 
change  of  level  has  to  be  taken  into  account  in  observations  where  exactness  is  required.  It  ia 
obvious  that  the  height  of  the  column  of  mercury  must  be  measured  from  the  level  of  the  free 
surface  at  the  moment  of  observation,  so  that  a  fixed  scale  would  be  usdess  for  exact  measure- 
menty  unless  its  divisions  were  so  marked  as  not  to  represent  true  inches  and  aliquot  parts  of  an 
inch,  but  the  rise  and  fall  of  the  barometric  column  in  absolute  height  above  the  free  surface. 
Thus,  suppose  the  column  30  inches  high,  and  that  it  seems  to  fall  one  inch  (measuring  the  fall 
by  any  oidinaiy  rule,  for  instance),  then  the  mercury  in  the  dstem  has  been  increased  in 
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quantity  and  bo  has  risen  by  a  certain  small  amount,  and  therefore  the  real  fall  -rf  the  mercury 
has  been  less  than  one  inch.  On  the  other  hand,  if  the  mercurial  column  had  seemed  to  rise  one 
inch,  the  real  rise  would  have  been  more  than  one  inch,  for  the  free  surface  would  have  fallen. 
Hence,  if  a  fixed  scale  is  used,  without  any  contrivance  for  bringing  the  free  surface  to  a  fixed 
level,  the  so-called  inch  divisions  must  be  greater  than  an  inch  below  the  division  for  which  the 
free  surface  has  its  mean  level,  and  less  than  an  inch  above  that  division.  Another  method  is 
to  have  a  sliding  scale,  whose  zero  can  be  brought  to  the  level  of  the  mercury  in  the  cistern. 
But  a  more  convenient  plan  (though  the  same  in  principle)  is  one  by  which  the  level  of  the  free 
surface  of  the  mercuiy  can  be  brought  to  coincidence  with  the  zero  of  a  fixed  scale.  In  Fortin's 
contrivance  for  this  purpose,  the  cibtem  is  enclosed  within  a  brass  box,  the  sides  of  the  cistern 
being  of  boxwood,  its  bottom  of  flexible  leather.  A  screw  which  works  through  the  bottom  of 
the  brass  box  against  the  lather  bottom  of  the  cistern,  enables  the  observer  readily  to  shift  the 
level  of  the  mercuiy  in  the  cistern.  A  float  canying  an  index  point,  which  must  be  brought 
opposite  a  fixed  point  on  the  scale,  serves  to  show  when  the  adjustment  is  complete  ;  or  an  ivory 
needle  is  attach^  to  the  scale,  with  its  point  so  placed  as  to  be  on  a  level  with  the  zero  point, 
and  the  mercury  in  the  cistern  is  raised  or  lowered  until  the  image  of  the  needle's  point  coincides 
with  the  point  itself. 

In  Adie's  travelling  barometer  the  first  of  the  three  methods  described  above  is  employed,  and 
to  prevent  the  risk  of  breakage  from  the  motion  of  the  mercury  within  the  tubes  in  carriage,  the 
tube  is  narrowed  along  a  part  of  its  length.  In  the  marine  barometer  a  similar  plan  is  adopted, 
but  the  tube  is  narrowed  through  the  greater  part  of  its  length.  In  this  form  also,  an  air- 
chamber  is  formed  at  one  part  of  the  tube,  so  that  air-bubbles  accidentally  introduced  into  the 
tube  may  be  prevented  from  reaching  the  Torricellian  vacuum,  or  from  affecting  the  apparent 
length  of  the  mercurial  column. 

In  siphon  barometert  there  is  no  cistern,  the  tube  being  simply  turned  upwards  at  the  lower 
end.  A  graduated  scale  is  so  placed  as  to  indicate  the  height  of  the  mercuxr  in  each  limb  above 
a  fixed  zero.  The  difference  of  readings  gives  the  height  of  the  mercurial  column  above  the 
exposed  surface.  The  actual  variation  of  the  upper  as  well  as  of  the  lower  surface  of  the 
mercury  is  but  one  half  the  variation  in  the  height  of  the  barometric  column,  for  the  latter 

variation  is,  in  this  form  of  the  barometer,  obtained  by  equal  motions  of  ascent  or  descent  in 

one  tube,  and  of  descent  or  ascent  in  the  other. 

In  the  wheel  barometer  a  thread  attached  to  a  float  on  the  free  surface  of  the  mercury  of  a 

mphon  barometer,  passes  over  a  pully  and  bears  at  the  other  end  a  weight  almost  exactly 

counterpoising  the  weight  of  the  float.    An  index  on  the  axle  of  the  pulley  is  moved  across  an 

arc  on  tiie  face  of  a  dial,  as  the  float  rises  or  falls.    This  arrangement  was  invented  by  Dr. 

Hooke.     Though  very  suitable  for  an  ordinary  weather-glass,  this  form  has  no  scientific  value. 

llie  thread  varies  in  length  witii  changes  in  the  moisture  of  the  air,  and  the  friction  of  the 

different  parts  of  the  instrument  acts  uncertainly. 

Contrivances  have  been  employed  for  increasing  the  range  of  barometric  oscOlationB  ;  bat 

scientific  men  prefer  to  trust  to  the  application  of  carefully  divided  scales. 

Correctvons, — Four  corrections  have  to  be  applied  to  the  barometer,  used  as  a  metereological 

instrument  at  a  fixed  station. 

The  first  is  the  correction  for  the  height  of  the  station  above  the  sea  level,  and  is  calculable 

by  the  ordinaiy  rules  applicable  to  the  estimation  of  heights  by  means  of  the  barometer. 

The  second  depends  on  the  drcumstanoe  that  the  surface  of  mercury  in  a  narrow  tube  is  not 

plane,  but  convex.      The  following  table  exhibits  "  the  correction  for  capillarity  "  (as  this 

correction  is  called)  for  tubes  of  different  diameter.     It  is  taken  from  the  fhicydopedia 

Britannica,  Art.  '*  Capillary  Action  :" — 


Diameter  of  Tube. 

Depression. 
Inches. 

Diameter  of  Tube. 

Depression. 

Inches. 

Inches. 

Inches. 

'lO 

•1403 

•40 

^153 

•IS 

•0863 

•45 

•on  2 

•20 

•058! 

•50 

•0083 

•25 

•0407 

•55 

•0044 

•30 

•0292 

•60 

•0023 

•35 

•02 II 

•65 

'OOI2 

It  will  be  seen  how  laxgely  the  increase  of  the  tube's  diameter  tends  to  diminish  the  oozrection 
for  capillarity. 

In  the  siphon  barometer  there  is  theoretically  no  correction  for  capillarity,  as  the  correction 
for  the  surface  in  the  open  limb  \b  equal  to  the  correction  for  the  surface  in  the  closed  limb,  so 
vhat  in  taking  the  difference  both  corrections  disappear.  This  advantage  is  in  great  part 
counterisalanoed,  however,  by  the  effect  of  the  air  in  fouling  the  mercury  in  the  open  limb. 
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Thirdly,  there  is  the  correction  for  temperature.  It  depends  on  the  expansion  of  the  mercury 
and  of  the  scale  of  divisions.  But  the  latter  expansion  may  commonly  be  neglected.  The  ex- 
pansion  of  the  mercury  may  be  assumed  to  be  approximately  one  ten-thousandth  part  of  its  bulk 
for  each  degree  Fahrenheit.  Hence,  for  reducing  the  observed  height  of  the  mercurial  column 
to  that  which  it  would  have  were  the  temperature  that  of  the  freezing-point,  we  have  the  rule — 
'*  Deduct  the  ten-thousandth  part  of  the  observed  height  for  each  degree  of  Fahrenheit  above  32**. 
Fourthly,  for  certain  applications  of  the  barometer  it  is  necessary  to  make  a  correction  for  the 
annual  and  diurnal  range  in  the  variation  of  atmospheric  pressxure  (see  Atmosphere),  in  order 
to  determine  how  much  the  height  exceeds  or  falls  short  of  the  estimated  mean  for  the  hour  and 
date  of  observation. 

Emploi/ment  of  the  Barometer. — ^The  barometer  is  employed  in  many  important  departments  of 
science.  The  astronomer  employs  the  barometer  to  determine  the  amount  of  correction  he  is  to 
apply  for  atmospheric  refraction.  In  geodesy,  for  a  similar  reason,  the  barometer  is  an  impor- 
tant auxiliary.  In  many  chemical  researches  its  use  cannot  be  dispensed  with.  Its  use  in  the 
measurement  of  heights  need  not  here  be  considered. 

As  a  means  of  prognosticating  the  weather  the  barometer  is  of  great  utility,  especially  at  sea. 
But  its  value  for  this  purpose  depends  lai^ly  on  the  intelligent  combination  of  its  indk^tionB 
with  those  of  other  instruments.,  (See  Weatner  Prediction.) 

BAROMETER,  ANEROID,  (a,  without ;  and  vrfp&s,  moisture.)  The  mercurial  barometer 
necessitates  an  instrument  of  at  least  32  inches  in  length.  In  the  aneroid  barometer,  or  baro- 
meter without  liquid,  this  inconvenience  is  overcome.  In  such  barometers,  the  atmospheric 
pressure  is  held  in  equilibrium  by  an  elastic  metallic  spring.  A  metallic  box,  having  one 
flexible  side,  is  completely  exhatisted  of  air,  and  sealed.  The  elasticity  of  this  side  of  the  box, 
and  the  atmospheric  pressure  thereon,  keep  one  another  in  equilibrium.  The  short  arm  of  a 
lever  is  kept  continually  pressed  upon  the  elastic  side,  and  the  other  arm  works  an  index  similar 
to  that  of  the  weather  glass.  When  the  atmospheric  pressure  increases,  the  box  is  partly 
crushed  in ;  when  it  diminishes,  the  elastic  side  recovers  its  shape,  and  the  index  moves  in  the 
opposite  direction. 

Sometimes  a  box  of  elastic  metal,  in  the  shape  of  a  horse-shoe,  is  employed.  One  end  of  this 
being  fixed,  the  general  curvature  of  the  box  is  affected  by  the  atmospheric  pressure,  and  the 
consequent  motion  is  exhibited  at  its  maximum  at  the  other  (or  free)  end,  which,  as  in  the  for- 
mer case,  is  connected  by  a  lever  with  a  moveable  index.  Though  very  convenient,  and,  for 
short  intervals  of  time,  quite  trustworthy,  the  aneroid  barometer,  of  whatever  form,  requires 
frequent  comparison  and  correction  from  a  standard  mercurial  barometer,  because  the  metal 
**  sets'*  on  account  of  its  imperfect  elasticity. 

BAROMETER,  DESCARTES'.  In  order  to  magnify  the  effect  of  the  mercurial  barometer, 
Descartes  proposed  to  use  a  mixed  column  of  mercury  and  some  lighter  liauid  in  the  following 
way : — The  top  of  the  mercurial  barometer  was  enlarged  into  a  wider  cylinaer  of  uniform  bore, 
and  again  contracted  into  a  tube  of  the  ordinary  size.  The  top  of  the  mercury  column  was  in 
the  widening.  Above  this,  and  reaching  up  into  the  narrow  tube,  was  water,  or  a  solution 
therein  of  tfurtrate  of  antimony  and  potassiunL  It  is  clear  that  if  the  atmospheric  pressure 
increase,  say  a  quarter  of  an  inch,  the  mercury  in  the  wider  cylinder  would  rise  to  that  amount 
if  no  liquid  were  above  it.  It  will  therefore  squeeze  up  the  lighter  liquid  in  the  lighter  and 
narrower  tube  (supposing  this  to  have  no  weight)  to  an  amount  inversely  proportloi^  to  the 
sections  of  the  two  columns.  Since  the  relative  specific  gravities  of  the  water  and  mercury 
are  known,  it  is  easy  to  calculate  the  entire  weight  of  the  compound  column.  Owing  to  the 
tension  of  the  wate^  vapour,  this  form  of  barometer  was  abandoned.  By  using  glycerine  and 
certain  hydrocarbons  of  high  boiling  point  and  little  vapour  tension  as  the  upper  uquid,  it  is 
easy  to  construct  a  barometer  which  shows  the  variation  in  pressure  due  to  one  foot  difference 
In  height. 

The  mercurial  barometer  is  the  most  convenient  for  determining  the  actual  weight  of  the 
atmosphere.  If  we  take  a  tube  whose  sectional  area  is  one  square  inch,  dose  it  at  one  end,  fill 
it  with  mercury,  and  invert  it  into  mercury,  we  shall  find  that  the  difference  of  level  between 
the  inner  and  outer  mercury  is  about  30  inches.  Take  a  column  of  mercury  30  inches  high,  and 
of  one  square  inch  sectional  area,  and  we  find  that  it  weighs  about  15  lbs.  Hence  it  follows 
that  the  pressure  of  the  atmosphere  is  15  lbs.  on  the  square  inch  of  surface. 

BAROMETER,  WATER.  A  barometer  in  which  water  is  used  instead  of  mercury.  As 
mercury  is  nearly  14  times  heavier  than  water,  the  column  of  the  water  barometer  is  nearly  14 
times  higher  than  the  mercurial  column  (see  Barometer),  or  nearly  35  feet  long,  all  changes  of 
elevation  would  also  be  proportionately  greater.  But  as  the  space  above  the  water  column 
would  be  filled  with  aqueous  vapour,  varymg  in  tension  with  temperature,  the  water  barometer 
would  not  be  a  satisfactory  weather  indicator. 
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BAROMETRIC  LIGHT.  When  an  upright  barometer  is  moved  gently  backwards  and 
forwards  from  the  vertical  to  an  oblique  position,  so  as  to  make  the  mercury  oscillate  in  the  tube 
through  a  range  of  a  few  inches^  the  Torricellian  vacuum  becomes  lighted  up  so  as  to  be  visible 
in  the  dark.  This  is  called  the  bommietric  light,  and  is  due  to  electricity  arising  from  the  fric- 
tion of  the  mercury  against  the  inner  surface  of  the  tube.  Mr.  Tonmnson  1^  described  an 
experiment  in  which  the  phenomenon  is  exhibited  on  a  large  scale  in  the  vacuum  of  an  air  pump. 
The  chief  precaution  is,  that  the  mercury  and  the  glass  apparatus  be  qidte  diy.  Hence  the 
experiment  succeeds  best  in  frosty  weather. 

BARTON'S  BUTTONS ;  or,  Iri$  OmamenU.  By  means  of  a  dividing  engine,  Mr.  John 
Barton  succeeded  in  engraving  lines  on  steel  and  other  surfaces  not  more  than  from  the  2cxx>th 
to  the  10,000th  of  an  inch  apart.  These,  owing  to  the  action  of  grooved  surfaces  on  light, 
shine  in  the  light  of  candles  or  lamps  with  all  the  colours  of  the  spectnmL  From  steel  dies 
thus  prepared  impressions  were  stamped  upon  buttons  and  other  articles,  forming  ornaments 
rivalling  in  colour  the  brilliant  flashes  of  the  diamond.  (See  Grooved  Surfacea,  Colour$  of; 
Interference  of  lAght.) 

BASE.  The  definition  of  the  word  base  is  as  difficult  in  the  present  state  of  chemical  science 
as  that  of  the  word  add.  It  may  be  considered  as  the  converse  of  acid ;  or  the  body  which, 
uniting  with  an  acid,  will  form  a  salt.    (See  Acid,  Salt.) 

BATEN  KAITOS,  (Arabic  and  corrupt  Greek.)    The  star  fin  the  constellation  Cetus. 

BATTERY,  ELECTRIC.  (First  constructed  by  Winkler,  1746.)  An  electric  battery 
consists  of  a  collection  of  Leyden  jars  whose  outside  coatings  are  all  electrically  joined  together 
and  likewise  their  inside  coatings.  Practically  it  is  usual  to  have  a  large  wooden  box  divided 
off  into  partitions  by  means  of  thin  wooden  bars,  each  partition  being  capable  of  holding  one 
jar,k  *The  bottom  of  the  box  is  lined  with  tinfoil,  and  thus  the  jars,  when  placed  upon  it,  have 
their  outside  coatings  connected.  By  means  of  a  strin  of  tinfoil  passing  up  from  the  bottom,  and  a 
stout  brass  wire  passed  through  the  side  of  the  box,  the  outside  coatings  are  all  joined  to  a  knob 
on  the  outside  in  some  convenient  position  for  discharging.  The  inside  coatings  are  all  con- 
nected together  by  means  of  brass  rods  passing  from  knob  to  knob.  We  obtain  by  this 
arrangement  the  same  effect  as  from  a  single  Leyden  jar  of,  it  may  be,  enormous  dimensions. 
But  to  procure  a  jar  of  unusual  size  is  difficult,  and  such  jars  are  both  expensive,  and  being 
cumbrous,  liable  to  get  broken.  Hence  a  battery  is  always  preferred.  The  jars  are 
generally  four,  six,  or  nine  in  number,  and  each  exposes  from  two  to  three  square  feet  of  tinfoil 
coating.  The  amount  of  electricity  accumulated  is  proportional,  other  things  remuning  the 
same,  to  the  amount  of  coating,  whether  in  one  large  jar  or  in  a  number  of  jars  joined  together 
as  we  have  described  them.  Very  remarkable  effects  may  be  obtained  by  means  of  a  good 
battery.  When  charged  it  must  be  cautiously  handled,  for  serious  accidents,  even  endangering 
life,  may  readily  occur.  For  further  information  the  articles  on  Discharge  and  on  Leydin  Jar 
may  be  consulted. 

BATTERY,  GALVANIC,  consists  of  an  association  of  galvanic  pairs  or  deTMnt»  for  the 
production  of  current  electricity.  Any  simple  arrangement  of  metals  and  liquids  for  the  purpose 
of  producing  a  current  of  electricity,  such  for  instance  as  a  plate  of  zinc  and  a  plate  of  copper 
immersed  in  dilute  sulphuric  acid,  is  called  a  galvanic  element  or  a  battery  cell ;  and  when  several 
such  cells  are  connected  together  so  as  to  produce  a  greater  effect  the  collection  is  called  a  battery. 
The  very  simplest  form  of  battery  consists  of  a  number  of  pairs,  such  as  that  which  we  have 
just  mentioned,  of  copper  and  zinc,  immersed  in  dilute  sulphuric  acid ;  the  successive  pairs  are 
joined  together  by  wires,  the  copper  of  the  first  cell  to  the  zlqc  of  the  second,  the  copper  of  the 
second  to  the  zinc  of  the  third,  and  so  on.  On  connecting  together  the  zinc  of  the  first  with 
the  copper  of  the  last  we  may  obtain  a  very  powerful  current.  This  form  of  battery  waa  pro- 
posed by  Volta,  and  is  called  Volta's  Crown  of  Cups.  We  are  now  acquainted  with  many  forms 
more  powerful  than  that  composed  of  zinc  and  copper  elements,  and  we  shall  describe  the  more 
important  of  them  in  their  proper  places.     Our  limits  will  not,  of  course,  permit  us  to  enter  into  ! 

a  description  of  all,  even  of  the  important  ones,  or  into  a  very  detailed  description  of  any.     Such  i 

information  must  be  obtained  from  a  treatise  on  physics  or  on  physical  chemistry.  \ 

A  great  objection  to  the  use  of  the  simple  battery  above  described  is  found  in  what  is  called  1 

the  j^ilarizxUion  of  the  plates.     The  current  set  up  on  connecting  together  the  battery  terminalB  I 

very  soon  falls  off  in  strength,  the  reason  being  that  the  plates  assume  a  condition  such  as  both  | 

to  hinder  further  action  and  even  to  tend  to  produce  a  current  in  the  opposite  direction.    In 
fact,  the  hydrogen  which  is  liberated  at  the  copper  siu*face  not  only  hinders  the  contact  of  the  f 

fluid  with  the  copper,  but  as  it  is  produced  in  a  state  of  high  excitement,  called  the  nascent  \ 

Gtate  (see  Nascent  State),  it  has  a  great  tendency  to  become  oxidized  again,  and  by  its  oxidation  | 

sets  up  a  current  opposite  to  that  of  the  battery.    The  effect  of  this  is  to  diminish  the  primary 
current,  and  in  many  cases  even  to  make  it  almost  imperceptible,  and  it  has  been  a  great  desideratum 
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with  inventors  to  find  some  method  of  getting  rid  of  this  deposit  of  hydrogen.  For  this  purpose 
Smee*8  battery  and  Daniell's  batteiy  have  been  constructod,  and  we  have  described  them  ondcr 
these  names.  We  have  also  given  an  account  of  Bunsen's  battery,  Grove's  battery,  and  the 
Menotti  battery.  Besides  these  there  are  many  other  forms,  such  as  the  bichromate  of 
potassium  batteiy,  the  sulphate  of  mercury  battery,  the  Leclanch^  battery,  but  these  are  all 
liable  to  the  great  objection  of  not  being  constant  in  strength,  in  most  cases  to  such  an  extern; 
that  the  current  falls  almost  to  nothing  in  a  few  minutes,  and  they  can  only  be  used  for  such 
purposes  as  ringing  electric  bells  and  the  like,  where  a  momentary  current  is  enough. 

For  further  information  on  this  subject  see  the  articles  on  the  various  forms  of  battery, 
Cwrrenty  Ehclric;  Plates,  Polarization  of. 

BATTERY,  MAGNETIC.  A  magnetic  battery  consists  of  a  number  of  magnets  arranged 
together,  so  that  by  their  conspiring  action  considerable  force  may  be  obtained.  Various 
forms  of  compound  magnets,  or  magnetic  batteries,  have  been  proposed  and  used.  In  general, 
they  consist  of  a  number  of  bars,  each  magnetized  by  itself,  and  all  boimd  together  with  their 
similar  poles  towards  the  same  parts.  Sometimes  a  number  of  straight  bar  magnets  is  put 
together  round  two  parallelopipeds  of  soft  iron,  one  at  each  end,  which  project  from  the  bundle. 
These  soft  iron  pieces  are  the  armatures  of  the  compound  magnet,  and,  becoming  magnetized 
inductively,  concentrate  the  force  of  the  magnet  to  poles  within  themselves.  The  whole 
bxmdle  is  kept  together  by  bands  of  copper  or  brass,  or  occasionally  by  screws  passing  through 
the  bars.  Batteries  of  the  horse-shoe  form  are  also  made  by  screwing  toc^ether  any  number  of 
similar  horseshoe  plates,  each  of  which  has  been  magnetized  by  itself.  The  extremities  of  the 
compound  magnet  are  made  smooth  and  parallel ;  and  a  JceepcVf  or  soft  iron  bar,  joining  the 
poles,  is  constantly  in  contact  with  them  when  the  magnet  is  not  in  use. 

BATTERY,  THERMO-ELECTRIC.  It  is  explained  (see  Thermo-electricUy),  that  when  a 
circuit  is  formed  containing  two  metals, — for  example,  bismuth  and  antimony, — and  when  one 
of  the  junctions  is  raised  to  a  higher  temperature  than  the  rest,  a  current  is  generated,  the  direc- 
tion of  which  depends  upon  the  nature  of  the  metals.  Thus,  in  the  case  of  bismuth  and  anti- 
mony, the  current  passes  from  the  bismuth  to  the  antimony  through  the  hot  junction.  The 
electeo-motive  force  of  a  single  pair  is,  however,  very  small,  being  estimated,  according  to  a 
determination  of  Wheatstone,  in  the  case  of  bismuth  and  antimony,  in  hundredths  of  a  Daniell*s 
element,  for  a  difference  of  temperature  of  i8o°  F.  (lOO**  C.)  In  order  to  obtain  considerable 
electro-motive  force  for  a  small  difference  of  temperature,  an  arrangement  similar  to  that 
adopted  in  the  case  of  the  ordinary  galvanic  battery  is  made  use  of.  A  large  number  of  bars  of 
bismuth  and  antimony  are  soldered  end  to  end  alternately,  and  are  so  bent  that  all  the  bars  may 
be  parallel,  and  all  the  alternate  junctions  may  point  the  same  way.  It  will  be  seen  that  in  such 
an  arrangement,  if  one  series  of  junctions  be  exposed  to  heat  and  the  other  to  cold,  the  ten- 
dency at  each  junction  is  to  send  the  current  in  the  same  direction,  and  the  aggregate  effect  may 
thus  be  made  considerable.  The  electro-motive  force  is,  however,  always  low,  and  in  order  to 
make  the  current  available  in  cases  in  which  it  is  to  be  employed  for  measuring  small  differences 
of  temperature,  a  galvanometer  constructed  of  short  thick  copper  wire,  and  called  a  Thermo- 
multiplier  is  used.     (See  also  Tfiermo-pile;  Thermo-muUiplier.) 

B.  A.  UNIT.  A  contraction  frequently  used  in  speaking  of  the  British  Association  Unit  of 
Electric  Resistance.    (See  Jtesistance,  Units  qf  Electric.) 

BEATS.  If  a  note  of  permanent  pitch  be  sounded  continuously,  and  another  note  of  graver 
pitch  be  gradually  raised  in  pitch  so  as  to  reach  and  exceed  the  pitch  of  the  first,  a  peculiar 
throbbing  is  heard  consisting  of  rapidly  recurring  augmentations  of  sound  as  the  two  notes 
approach  one  another,  the  intervals  uf  the  throbs  or  **  beats"  become  greater  and  greater  as 
the  two  notes  approach  unison  ;  when  this  point  is  attained,  they  cease.  As  the  second  note 
surpasses  the  first,  the  beats  recommence  at  first  slowly,  then  more  rapidly,  until  they  cannot 
be  distinguished  from  one  another.  If  one  note  consists  of  say  201  notes  a  second,  and  the 
other  of  2CX),  at  the  end  of  every  second  the  201  at  vibration  of  the  first  note  will  coincide 
with  the  200th  of  the  second,  and  consequently  there  will  be  i  beat  or  augmentation  per  second. 
When  the  second  note  has  202  vibrations  a  second,  there  will  be  2  augmentations  in  the  second, 
namely,  at  the  half  second,  when  the  first  note  has  completed  its  50th  vibration,  and  tiie  seoond 
has  completed  its  loist  vibration,  and  again  at  the  end  of  *  the  second.  Accordingly  and  gene- 
rally, the  number  of  beats  heard  in  a  second,  when  two  notes  are  soimded  together,  is  equal  to 
the  difference  between  the  numbers  of  vibrations  which  they  make  in  a  second.  Hence,  when 
the  notes  are  very  nearly  of  the  same  pitch,  differing  in  pitch  say  4?  I,  2,  3, 4,  5,  vibrations  from 
one  another  per  second,  beats  are  heard  at  intervals  of  2,  I,  i,  J,  \,  ^,  &c.,  seconds  apart ; 
these  can  be  distinguished  easily  by  the  ear,  and  impart  an  agreeable  skdditional  rhythm  to  the 
compound  sound.  If,  on  the  other  hand,  the  notes  differ  so  widely  in  pitdi  that  there  is  a  dif- 
ference of  say  100  or  200  vibrations  a  second,  there  are  lOO  or  200  beats  a  seoond  which  cannot 


BEL  70  BEL 

be  distmguiflhed  from  one  another,  and  which,  if  heard  separately,  would  form  a  secondary  note. 
Between  these  limits,  and  especiiUly  when  the  difference  of  vibration  is  about  i6  in  a  second, 
the  beats  constitute  a  harsh  rattle,  which  is  one  cause  of  dissonance.  The  discord  or  dissonance, 
however,  between  two  notes,  does  not  wholly  depend  upon  the  number  of  beats  in  a  given  timey 
but  is  lessened  when  the  interval  between  the  notes  is  increased. 

BELL.  (Anglo-Saxon,  fteZZan,  to  resoimd.)  A  hollow,  conical,  musical  instrument,  which, 
when  struck,  emits  a  sound.  A  bell,  acoustically  considered,  acts  like  a  disc  during  vibration 
— that  is  to  say,  it  is  divided  into  a  certain  nimiber  of  vibrating  segments,  divided  by  nodes  or 
points  of  oompurative  rest.  A  circular  bell  during  vibration  alters  its  shape,  and  we  mouth, 
instead  of  presenting  the  figure  of  a  circle,  is  alternately  an  ellipse  in  one  direction,  then  in  » 
direction  at  right  angles  to  its  former  position.  A  beU  divides  itself  into  four  vibrating  seg- 
mentS)  separated  by  four  nodes,  when  it  emits  its  deepest  note  ;  and  the  point  where  the  ham- 
mer strikes  the  surface  of  the  bell,  is  always  the  centos  of  a  vibrating  segment.  If  a  bell  be 
placed  with  its  mouth  upwards,  filled  with  water,  and  then  caused  to  vibrate  by  drawing  a 
violin  bow  across  its  edge,  the  vibrations  are  indicated  by  ripples  on  the  surface  of  the  water, 
and  sometimes  spheres  of  water  are  projected  from  the  surface.  By  using  warm  ether  or 
alcohol  in  place  of  water,  M.  Melde  has  produced  some  very  beautiful  effects,  for  the  detached 
spheres,  when  they  fall  again  to  the  liquid  surface,  do  not  immediately  coalesce  with  it,  but 
roll  along  it  to  the  lines  of  rest.    This  experiment  may  be  tried  with  a  finger-glass  or  tumbler. 

Bells  are  usually  made  of  an  alloy  consisting  of  So  parts  of  copper  and  20  of  tin,  small  quan- 
tities of  lead,  zinc,  and  sometimes  silver  have  been  added,  but  without  an  increase  of  sonorous- 
ness. The  number  of  changes  which  may  be  rung  on  a  given  number  of  bells  increases  enor- 
mously with  that  number.  Thus,  four  bells  produce  24  changes,  while  six  bells  produce  ^20^ 
and  twelve  bells  no  less  than  479,001,600  changes. 
BETiLATRIX.  The  star  y  in  the  constellation  Oiion. 
BELL,  DIVING.    See  IHving-hdl. 

BELLOWS.  (Anglo-Saxon,  l^lig,  a  bag.)  A  very  ancient  contrivance  for  producing  a  blast 
of  air.  It  consisted  in  its  rudest  form  of  a  bag  which  was  compressed,  allowed  to  become  full 
of  air,  again  compressed,  and  so  on.  Kepresentations  of  bellows  have  been  found  among  some 
of  the  earliest  Egyptian  sculptures,  and  Sir  Gardiner  Wilkinson  believes  that  he  has  detected 
a  valve  as  early  as  the  time  of  Moses.  Ordinary  bellows,  as  now  used,  are  practically  leather 
bags  which  are  compressed,  then  expanded,  so  as  to  allow  air  to  enter  through  a  valve  opening 
inwards,  which,  on  compression  of  the  bellows,  allows  no  air  to  escape  save  through  the  nozzle. 
In  the  case  of  a  supply  of  air  for  large  furnaces,  the  hot-blast  for  smelting  iron,  &c.,  a  blowing 
machine  is  employed,  in  which  a  piston  works  in  a  large  cylinder,  and  boUi  by  its  upward  and 
downward  stroke  ejects  large  quantities  of  air  from  the  cylinder  at  an  uniform  pressure  and 
velocity. 

BELTS.  A  name  applied  to  the  faintly-coloured  streaks  crossing  the  discs  of  Saturn  and 
Jupiter.  The  belts  are  supposed  to  be  due  to  the  existence  of  clouds  in  the  atmosphere  of  a 
pUmet.  Trade-winds,  resembling  those  which  we  are  acquainted  with,  but  flowing  much  more 
strongly,  on  account  of  the  more  rapid  rotation  of  Jupiter  and  Saturn,  wotdd  gather  these  clouds 
into  zones.  These  cloud-zones  would  appear  white  by  reason  of  the  high  reflective  power  of  the 
douds,  so  that  the  space  between  them  would  appear  as  dark  belts.  It  has  not  perhaps  been 
sufficiently  considered  that,  despite  the  very  rapid  rotation  of  Saturn  and  Jupiter  on  their  axes, 
tiiere  are  circumstances  which  would  render  unlikely  the  occurrence  of  trade-winds,  such  as  those 
we  are  familiar  with.  In  the  first  place,  the  enonuous  distuice  of  Saturn  and  Jupiter  from  the 
Bun  would  tend  to  diminish  the  power  of  the  sun  to  excite  any  disturbances  in  the  atmosphere 
of  either  planet,  whether  by  the  difference  between  his  action  on  different  regions  of  that  atmos- 
phere, or  by  the  evaporation  of  fluids  on  the  planets'  surface,  and  the  consequences  which  might 
foUow  that  process,  as  when  it  takes  place  on  our  own  earth.  But  setting  aside  this  considera- 
tion, on  the  ground  that  peculiarities  in  the  atmospheres  of  these  planets  may  tend  to  compen- 
sate the  effect  of  the  sun's  distance,  there  remains  the  fact  that,  owing  to  the  enormous  dimen- 
sions of  the  two  planets,  the  variations  of  temperature  between  places  separated  by  given  dis- 
tances in  Satumian  or  Jovian  latitude,  are  far  less  than  the  corresponding  variations  for  such 
distances  on  our  own  earth.  Suppdte  that,  at  a  certain  place  on  the  earth,  the  air  is  so  many 
degrees  warmer  than  at  a  place  50  miles  further  north,  as  to  lead  to  the  occurrence  of  atmos- 
pheric ctirrents  of  a  given  degree  of  force,  then  places  on  Jupiter  (one  due  north  of  the  other), 
having  temperattu'es  differing  in  the  same  degree  would  be  separated  by  more  than  500  miles. 
It  is  clear  that  the  change  of  temperature  would  thus  take  place  at  a  rate  relatively  so  small 
that  the  resulting  atmospheric  currents  would  be  relatively  very  feeble.  It  seems  difficult  to 
conceive,  under  these  circumstances,  that,  in  the  trade-winds,  astronomers  have  pointed  out  the 
true  analogies  of  the  causes  producing  the  belts  of  Jupiter  and  Saturn.    It  would  appear 
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more  likely  that  piocesseB  are  at  work  which  result  from  heat  inherent  in  the  masaes  of  these 
orbs. 

BENETNASCH  (Arabic.)  The  star  17  in  the  constellation  Ursa  Major.  It  is  also  called 
AUcaid. 

BENZIDAM.    A  sjmonym  for  Aniline,  now  obsolete.     See  Aniline. 

BENZOIC  ACID.  An  organic  add  crystallising  in  colourless  transparent  laminse.  When 
pure  it  has  no  odour,  but  it  ordinarily  retains  some  of  the  odour  from  the  gum  benzoin  from 
which  it  is  prepared.  Its  formula  is  C^HgC,,  it  fuses  at  121**  C.  (250°  F.),  and  distils  over  at 
294**  C.  (561*"  F.)  It  is  slightly  soluble  in  water,  but  much  more  so  in  alcohol  and  ether.  Ben- 
zoic acid  unites  with  bases,  forming  a  well  crystallised  series  of  salts  called  bemoates. 

BENZOL.  A  limpid  colourless  oily  liquid  of  a  pleasant  odour,  insoluble  in  ^^ater,  but 
miscible  with  alcohol  and  ether.  Specific  gravity,  0*85  ;  boiling  point,  86°  C.  (187°  F.)  At  o**  C. 
(32**  F.)  it  freezes  to  a  white  mass  resembling  camphor.  It  is  very  inflammable,  and  evolves 
much  smoke  on  burning.  Composition  CgH*.  Benzol  was  first  prepared  by  Faraday  by  the  de- 
structive distillation  of  benzoate  of  lime  ;  it  is  now  prepared  in  enormous  quantities  from  coal- 
tar  naphtha.  It  is  the  lowest  term  of  a  series  of  homologous  bodies,  increasing  by  the  addition 
of  CHf,  the  next  term  being  toluol,  C7H8.  Benzol  forms  a  large  number  of  suostitution  pro- 
ducts. Nitrobemol  is  formed  by  the  replacement  of  one  equivalent  of  hydrogen,  by  one  eqiva* 
lent  of  NO.,  its  formula  being  CgHgNO].  It  is  a  yellowish  oily  liquid,  having  an  odour  of 
bitter  almond  oil,  and  a  sweet  taste ;  it  boils  at  220**  C.  (428°  F.) ;  redudng  agents  convert  it  into 
aniline.         

BERYLLIUM.    See  Glucinum.  

BESSEMER  FLAME,  SPECTRUM  OF  THE.  The  intensely  brilliant  flame  which  issues 
from  the  mouth  of  the  Bessemer  converter  during  the  latter  stage  of  the  operation  has  been  sub- 
mitted to  spectroscopic  examination  by  Professor  Rosooe,  Professor  Lielegg,  and  Dr.  W.  M.  Watts. 
Professor  Roscoe  has  detected  in  the  flame  the  elements  sodium,  potassium,  lithium,  iron,  carbon, 
hydrogen,  and  nitrogen.  At  a  certain  stage  of  the  "  blow  "  the  carbon  lines  suddenly  disappear, 
and  experience  has  shown  that  if  the  blast  of  air  is  turned  off  at  this  moment  the  best  results 
will  be  produced.  This  point,  which  formerly  could  only  be  ascertained  doubtfully  and  after 
much  experience,  is  now  detected  with  great^  readiness  by  means  of  the  spectroscope.  (See 
Spectrum;  Spectrum AnalyM.) 

BESTIARY.    {BestiOf  a  beast.)  A  name  given  in  old  works  on  astronomy  to  the  Zodiac,  q.v. 

BETELGEUX.  (Arabic.)  The  star  a  in  the  constellation  Orion.  It  is  a  noted  ruddy  star. 
Sir  John  Herschell  discovered  that  it  is  variable. 

BEVELLED  WHEELS.  (French,  Uveair,  a  slant;  Spanish  layvd.)  The  use  of  bevelled 
wheels  is  to  transform  motion  round  one  axle  into  motion  roimd  another  axle  which  is  not 
parallel  to  it.  Suppose  the  central  line  of  the  two  axes  to  be  continued  till  they  meet,  and  aline 
to  be  drawn  through  the  point  of  intersection  bisecting  the  angle  between  the  axes.  Imagine 
this  line  to  be  rigidly  connected  first  with  one  axis,  and  then  with  the  other.  When  the  axes 
revolve,  two  cones,  touching  one  another,  will  be  traced  out  by  the  bisecting  line.  If  the  sur- 
faces of  the  cones  be  rough  the  revolution  of  one  will  produce  rotation  of  the  other.  If  instead 
of  using  the  whole  surface  of  the  cones  we  place  teeth  along  circuli^  sections  of  the  two  cones, 
bevelled  wheels  will  be  formed.  The  surfaces  of  the  teeth,  therefore,  form  part  of  the  surfaces 
of  cones  having  the  same  vertex.  As  an  illustration,  consider  the  case  where  the  motion  is. 
required  to  be  at  right  angles  to  that  already  produced.  Since  the  axes  produced  would  meet 
at  right  angles,  the  bisecting  line  will  be  at  45°  with  each,  and  consequently  the  teeth  on  the 
beveUed  wheels  must  be  inclined  at  an  angle  of  45°  to  the  axles,  instead  of  being  parallel  to 
them.  Thus  when  the  first  wheel  rotates  the  second  will  revolve  regularly,  and  produce  motion 
about  an  axle  at  right  angles  to  the  first.  Bevelled  wheels  are  much  used  in  machinery  and 
clockwork.  They  are  better  adapted  than  crown  wheels  for  machines  performing  heavy  work. 
(See  Toothed  Gear.) 

BIAXIAL,  CRYSTALS,  INCLINATION  OF  OPTIC  AXES  OF.  See  Optie  AxU  of 
Biaxial  Crystals^  Inclination  of. 

BICHROMATE  OF  POTASH.    See  Cfhromatee,  Cfhromate  ofPotasHum. 

BIELA'S  COMET.  A  comet  of  short  period  (see  Comet),  remarkable  on  account  of  the 
near  approach  of  its  orbit  to  the  earthy  and  to  the  orbit  of  Encke's  Comet  {q.  v.),  and  still  more 
remarkable  as  having  divided  into  two  distinct  comets  in  1846.  In  1852  it  was  still  double. 
In  1859  its  return  to  perihelion  was  not  observed  owing  to  the  unfavourable  position  of  the 
earth.  In  1866,  the  epoch  of  its  last  calculated  return  to  the  sun's  neighbourhood,  this  comet 
was  not  discovered  by  astronomers,  who  remain  unable  to  explain  its  apparent  disappearance 
from  the  solar  system. 

BIFILAR  BALANCE.    See  Balance,  Bifiar. 
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BILE ;  or,  GaJJi.  An  animal  liquid  contained  in  the  gall  bladder.  Specific  gravity  about  1*02. 
It  IB  transparent  and  thick,  of  a  green  or  brown  colour,  and  of  a  peculiar  odour  ;  it  oontainB  a 
resinous  matter,  colouring  matt^,  fatty  acids,  and  cholesterin,  together  with  mineral  con- 
stituents. 

BINARY  STARS.    See  Start,  DouUe,  &c. 

BINOCULAR  STEREOSCOPIC  MICROSCOPE.  {Binus,  two  ;  and  octdus,  an  eye.)  It 
was  not  till  some  time  after  Sir  C.  Wheatstone's  discovery  of  tiie  stereoscope  that  the  principle 
of  binocular  vision  was  successfully  applied  to  the  microscope.  The  first  instrument  of  this 
kind  was  made  by  Nachet  of  Paris,  but  his  arrangement  is  now  superseded  by  Wenham'a 
binocular  prism,  which  is  almost  universally  attached  to  good  microscopes.  Professor  Smith 
has  devise(Ua  binocular  eye-piece  which  enables  stereoscopic  effects  to  be  obtained  with  a  single 
body  microscoi)e,  whilst  Wenham's  arrangement  requires  two  bodies.  The  advantages  of  die 
binocular  over  the  monocular  microscope,  in  addition  to  the  effect  of  solidity  which  it  confers 
upon  the  objects,  are,  that  the  penetrating  power  or  focal  depth  is  greatly  superior  whilst  its  em- 
ployment is  attended  with  very  much  less  fatigue  to  the  eyes.  It  must  be  borne  in  mind  that 
these  advantagea  are  only  met  with  in  the  stereoscopic  binocular,  and  that  instruments  which  are 
binocular  but  not  stereoscopic,  i.e.,  which  present  to  each  eye  images  which  are  essentially 
identical,  only  possess  these  advantages  in  a  very  limited  degree.     (See  Microscope^  Stereoscope.) 

BINOCULAR  VISION.  The  phenomena  of  binocular  vision  have  been  fully  examined  by 
Sir  Charles  Wheatstone.  It  will  be  evident  on  a  little  thought  that  a  solid  body  near  at  hand 
is  seen  from  a  slightly  different  point  of  view  by  the  right  eye  than  by  the  left  eye.  If  one  eye 
be  closed  the  effect  of  relief  and  solidity  vanish,  and  Sir  C.  Wheatstone  discovered  that  the 
cause  of  the  sensation  of  solidity  was  due  to  the  mental  union  of  these  two  slightly  dissimilar 
images  on  the  retinoi.    The  stereoscope  is  an  instrument  based  upon  this  fact.    (See  Stereo- 

8C0l)€.) 

BISMUTH.  A  metal  which  was  discovered  by  Agricola  in  1529.  Its  symbol  is  Bi,  and  its 
atomic  weight  208.  It  frequently  occurs  in  the  native  state  or  in  combination  with  sulphur, 
and  is  extracted  by  heating  the  mineral  in  inclined  tubes,  whence  the  metal  flows  into 
receptacles.  The  impure  metal  is  separated  from  sulphur  and  other  impurities  by  fusion  with 
nitre.  Bismuth  is  a  pinkish  white  metal,  very  brittle,  and  highly  crystalline  ;  some  of  its  arti- 
ficial crystals  are  of  extreme  beauty  and  considerable  size.  Its  specific  gravity  is  9*83.  It 
melts  at  264*"  C.  (507°  F.)  and  expands  in  solidifying.  It  is  neither  ductile  nor  malleable,  but 
may  be  readily  powdered.  Exposed  to  the  action  of  a  powerful  magnet  it  is  repelled  from  the 
ix>les,  being  diamagnetic.     The  following  are  its  most  important  compounds  : — 

Oxides  of  bUmtUh.  The  principal  oxide  is  the  tri-oxide  (Bi^Oj),  which  is  formed  when  the 
metal  is  heated  with  free  contact  of  air.  It  is  a  pale  yellow  powder.  The  hydrated  oxide 
(BiHOj)  is  obtained  as  a  white  precipitate  on  adding  a  caustic  alkali  to  a  solution  of  sab> 
nitrate  of  bismuth.  This  oxide  unites  with  acids,  forming  the  normal  salts  of  bismuth,  for  a 
description  of  which  see  the  acids.  BUmuthic  acid  (Bi^O^)  is  a  bright  red  powder,  forming 
compounds  with  alkalies,  which  have  only  been  imperfectly  investigated. 

TnrcJdoride  of  bismuth  (BiClj|).  A  white  fusible  crystalline  substance  which  is  decomposed 
by  water  with  precipitation  of  oxychloride  of  bismuth  (BiClO).  This  is  a  pearly  white 
insoluble  powder  known  in  the  arts  under  the  name  of  pearl  white. 

Sulphide  of  bismuth  (Bi^  S3).  This  occurs  native,  being  known  as  bismuthine,  and  it  may  be 
prepared  artificially  by  fusing  powdered  bismuth  and  sulphur  together.  It  is  a  lead  gray 
crystalline  substance,  of  specific  gravity  6*5,  somewhat  brittle  and  sectile.  This  compound  is 
also  precipitated  as  a  brownish  black  powder  when  sulphuretted  hydrogen  is  passed  through  a 
solution  of  a  bismuth  salt. 

There  are  several  organic  compounds  of  bismuth. 

BISSEXTILE.  (Bisj  twice  ;  and  sextilis^  sixth.)  The  name  given  to  every  year  of  366  days. 
The  length  of  the  year  being  a  little  less  than  365 1  days,  Julius  Caesar,  in  reforming  the  calen- 
dar,  arranged  that  in  every  fourth  year  February  should  have  29  days  instead  of  28  ;  and  to 
avoid  inconvenience,  two  following  days  of  the  lengthened  month  were  called  by  the  same  name. 
The  day  thus  repeated  (so  to  speak)  was  the  24th  of  February,  or,  according  to  the  Roman 
nomenclature,  seocto  calendas  Martii.  Hence  the  year  in  which  this  title  was  given  to  two  suc- 
cessive days  received  the  name  bissextile.     (See  Leap  Year.) 

BLACK  LINES  OF  THE  SPECTRUM.    See  Fraunhofer'$  Lines. 

BLAST  FURNACE.     See  Iron, 

BLAST  FURNACE  GASES.    See  /roji. 

BLEACHING  POWDER.     See  ChloHne,  ffypochlorUes, 

BLOOD,  ABSORPTION  LINES  IN.  The  colouring  matter  of  blood  is  capable  of  exist- 
ing  in  two  states  of  oxidation,  producing  different  absorption  bands  in  the  spectrum.    Red 
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blood  gives  two  wide  somewhat  indistinct  bands  in  the  red  part  of  the  spectrum,  whilst  deoxid- 
ised blood  gives  only  one  black  band  somewhat  intermediate  in  position  with  the  other  two. 
Professor  Stokes  has  termed  these  oolotirin|^  matters  red  and  purple  crtionne.  By  the  action  of 
an  add  on  blood,  a  substance  called  hcBTfiattn  is  produced,  which  gives  three  absorption  bands  in 
the  red,  orange,  and  green,  which  are  again  reduced  to  two  bands  by  deoxidising  agents.  In 
cases  of  poisoning  by  the  inhalation  of  carbonic  oxide,  the  blood  is  found  to  give  another  charac- 
teristic set  of  bands,  (see  Professor  Stokes'  paper,  Proc.  R.  S.  1S64,  p.  355.)  (See  Absorption  of 
Light  J  Spectrunif  Spectrum  Analysis.) 

BLOWPIPE.  An  instrument  of  much  use  in  prelimioaiy  chemical  examinations.  It  con- 
sists essentially  of  a  tube  about  seven  inches  long,  one  end  of  which  is  supplied  with  a  mouth- 
piece, whilst  the  other  is  bent  at  right  angles,  and  terminates  in  a  fine  nozzle.  When  a  stream 
of  air  is  blown  through  it  into  a  gas,  oil,  or  spirit  flame,  a  long  narrow  dart  of  flame  is  produced, 
^fhich,  by  adjustment,  will  present  the  appearance  of  a  clear  blue  cone  interiorly,  and  an  indis- 
tinct colourless  outer  envelope.  The  inner  flame  possesses  reducing  properties,  whilst  the  outer 
flame  is  oxidising.  By  heating  small  portions  of  mineral  substances  on  platinum  wire  or  char- 
coal in  these  flames,  either  wiUi  or  without  the  addition  of  re-agents,  much  valuable  information 
is  afforded  as  to  the  constituents  of  the  body  under  examination.  Blowpipe  analysis  has  there- 
fore become  an  important  branch  of  analytical  chemistry ;  and  owing  to  the  great  portability  of 
all  the  apparatus,  and  the  ease  and  rapidity  with  which  results  can  be  obtained,  it  is  invaluable 
for  the  travelling  chemist  and  mineralogist. 

BLOWPIPE,  OXYHYDROGEN.     See  Oxyhydrogen  Blowpipe. 

BLUE  VITRIOL.     See  Sulphates,  Copper, 

BODE'S  LAW.  The  name  given  by  astronomers  to  an  empirical  law  by  which  the  distances 
of  the  planets  seem  associated.  The  law  was  not  discovered  by  Bode,  however,  having  been 
put  forward  before  his  time  by  Kepler  and  Titius. 

The  law  may  be  thus  exhibited  : — Under  the  names  of  the  several  planets  in  the  order  of 
their  distance  set  the  number  4.  Then  below  this  row  of  fours  write  in  order  the  numbers  o,  3, 
6,  12,  24,  48,  and  so  on,  the  o  falling  under  Mercury,  the  3  under  Venus,  and  so  on.  Adding 
the  several  columns  thus  obtained,  we  obtain  the  following  result : — 


Mer. 

4 
0 

Ven. 

4 
3 

Earth. 

4 
6 

Mars. 

4 

13 

Ajt. 

4 
24 

38 

Jap. 

4 

Sat 

Uran. 

4 
xgs 

Nepk 

4 
384 

4 

7 

xo 

16 

53 

xoo 

X96 

388 

The  numbers  thus  obtained  correspond  closely  with  the  relative  distances  of  the  planets^ 
except  only  in  the  case  of  Neptune.  The  real  distances,  calling  the  earth's  distance  10,  are  as 
follows : — 


Mer. 

Ven. 

Earth. 

Man. 

Ast 

Jap. 

Sat. 

Uran. 

Nept. 

3-9 

73 

zo 

xs 

87*5 

5a 

95 

Z93 

300 

It  will  be  seen  that  the  distance  of  Neptune  falls  far  short  of  that  which  Bode*s  law  would 
assign  to  a  trans-Uranian  planet.  Under  Asteroids  and  Neptune  will  be  found  a  reference  to 
two  important  services  which  this  empirical  law  has  rendered  to  astronomy. 

Similar  relations  have  been  detected  among  the  distances  of  the  satellites  of  Jupiter  and 
Saturn.  In  the  case  of  Jupiter*8  system,  the  constant  number  is  7,  the  number  multiplied  ia  4, 
and  the  constant  multiplier  2\,  In  the  case  of  Saturn's  system,  tiie  constant  number  is  4,  the 
number  multiplied  is  1,  and  the  constant  multipUer  2. 

It  has  been  remarked  by  Gauss  that  the  series  resulting  from  Bode*8  law  is  not  a  true  pro- 
gression, because,  inverting  the  added  numbera,  we  ought  not  to  have  ....  12,  6,  3,  o,  but 
12,  6,  3,  xj,  &c.  This  difficulty  may  be  removed  bv  considering  the  law  as  applying  only  to 
the  distances  of  Venus,  the  earth,  oa,  from  the  orbit  of  Mercury.  So  considered,  these  dis- 
tances BuccesBively  increase  by  mere  doubling,  and  the  law  becomes  not  only  complete,  but 
much  simpler. 

It  seems  difficult  to  believe  that  a  law  so  well  marked,  and  fulfilled  so  closely  in  so  many 
instances,  \a  not  in  reality  the  result  of  physical  relations  of  some  sort,  though  it  is  by  no  means 
easy  to  see  what  those  relations  may  be. 

BOHNENBERGER'S  ELECTROMETER,  or  Elearoscope,  as  it  ought  to  be  called,  is  a 
common  single  gold-leaf  electroaoope  (see  Electrotcope),  to  which  is  added  a  pair  of  dry  piles 
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placed  yerticaUy  one  on  each  side  of  tlie  gold  leaf.  One  of  these  piles  has  its  positive  end  upper* 
most,  and  the  other  its  negative  end.  They  are  f  uniished  with  lirge  brass  knobs,  and,  by  means 
of  a  screw  at  the  bottom  of  the  case  of  the  instroment,  can  be  moved  parallel  to  themselves 
nearer  or  farther  from  the  ffold  leaf.  When  the  instrmnent  is  micharged,  the  gold  leaf  hangs 
down  between  the  knobs ;  but  in  giving  it  the  slightest  charge,  it  is  attracted  by  one  of  the 
piles  and  repelled  by  the  other,  and  thus  moves  in  a  direction  which  indicates  at  once  the  nature 
of  the  charge  that  it  has  received. 

BOILER.     See  SteamrboOer. 

BOILING  POINT.  The  boiling  point  of  a  liquid  is  the  temperature  at  which  the  elastic 
force  of  its  vapour  is  equal  to  the  pressure  of  the  air,  or  other  surrounding  medium.  This  tem- 
perature is  dependent  upon  various  causes  which  are  discussed  under  the  heading  EbuUtUotK 
The  following  table  of  boiling  points  and  densities  has  been  condensed  from  that  given  by  Dr. 
W.  A.  Miller  :— 

Table  of  BoiUNa  Points  or  VASions  Substakceb. 


Kams  ot  Substahcb. 

Boiling  Point 
Fahrenheit 

Spedflo  Graviftj  at 
33»F. 

Liquid  nilphnroaa  add. 

Aldehyde, 

Ether, 

Bisulphide  of  carbon, 

Acetone, 

Bromine, 

Woodipixit» 

Alcohol, 

Beniole, 

Water, 

Batyrlc  ether, 

Perchloride  of  tin,  .... 
Terchloride  of  arsenie,    . 
Bromide  of  lilioon,  .... 
Terbromide  of  phoiphorui,     . 
Snlphoric  add,        .... 
Mercozy, 

I7-6S 

694 

94*8 

I18-5 

1333 
J45'4 
M9'9 
»73i 
176-8 
3x2*0 
838-8 
340*3 
3730 
3080. 

347  5 
640*0 
663-0 

o'8oo9 

0-7365 
x-393t 

0-8144 
3-1873 
0-8x79 
0-8151 
0*8991 
2 '0000 
0*9041 
3*3679 
3*2050 
9*8128 
3-9249 
1*8540. 
«3'596o 

BOLIDE.    (jSoMf,  a  missile.)    See  MeUon,  Laminout, 

BOIiOGNA  FLASK.    See  Prince  RuperCz  Jhvps. 

BOOTES.  In  astronomy  {the  Herditnan),  one  of  Ptolemy*s  northern  constellations.  It  con- 
tains the  bright  star  Arcturus,  and  the  singularlv  beautiful  binary  star  Miriknli^  or  Epsilon 
Bootes,  deservedly  named  by  Admiral  Smyth  Fvlcnarima. 

BORACIG  ACID.     See  Boron, 

BOBAX.    See  Borm. 

BOBING-  TOOLS.  Implements  used  to  ascertain  the  nature  of  the  materials  to  be  ex- 
cavated pre-vious  to  the  commencement  of  earthwork.  They  consLst  of  the  boring  tool  proper, 
which  is  of  -wrought  iron,  steeled  at  the  cutting  edges  and  points,  and  about  3  feet  long  ;  and 
the  lengthening  rods,  which  are  square  bars,  usually  about  10  feet  long,  and  terminated  by 
screws,  so  that  they  can  be  connected  together,  or  to  the  boring-tool  proper.  The  uppermost 
rod  can  be  attached  to  a  long  horizontal  bar  about  6  feet  long,  driven  by  two  men,  and  also  to  a 
block  and  tackle  by  which  the  rods  may  be  hauled  up  when  required.  The  working  part  of  the 
tool  is  of  various  forms ;  the  auger  which  is  used  for  all  ordinaiy  earths  and  soft  rock  is  a 
cylinder  about  34  inches  in  diameter,  with  an  open  sharp-edged  slit  along  one  side,  and  slightly 
contracted  at  the  lower  end,  which  sometimes  terminates  in  a  gimlet ;  the  worm  is  a  sharp- 
pointed  spiral,  used  for  rock  too  hard  for  the  auger,  the  latter  being  used  after  it  to  enlarge  tbe 
bore  and  bring  up  the  fragments.  When  the  rock  is  very  hard,  a  jumper  is  used — that  is,  a 
kind  of  chisel  -with  a  sharp  edge,  worked  by  nosing  it  a  short  distance  and  letting  it  drop,  turn- 
ing it  a  little  way  round  after  each  blow.  Boring-machines  have  been  lately  used  extensively 
for  driving  headings  in  tunnelling  through  hard  rock.  The  most  remarkable  is  the  boring  ap- 
paratus used  in  making  the  tunnel  through  Mont  Cenis.  This  tunnel  is  8  miles  long,  and  had 
to  be  excavated  entirely  from  the  two  ends  without  the  aid  of  shafts.  The  machinery  oondstB 
of  a  number  of  horizontal  jumpers,  driven  at  the  rate  of  about  200  blows  per  minute  by 
machinery,  moved  by  air  compressed  by  hydraulic  machinery  near  the  outer  end  of  the  mine, 
and  conveyed  into  the  mine  through  a  pipe.  By  using  eight  jumpers  for  six  hours,  about  sixty 
holes  of  3  feet  long,  and  !(  inch  (Sameter,  are  made  in  the  fa^  of  the  rock,  and  are  used  for 
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blastmg  with  gunpowder.  By  this  means  a  mass  of  rock  was  removed  in  ten  hours  about  12 
feet  broad,  from  7  to  10  feet  high,  and  3  feet  deep. 

BOBOK.  A  non-metallic  element,  which  was  first  obtuned  in  the  free  state  from  boracic 
add  by  Gkiy-Lussao  and  Thi^nard  in  1808,  and  immediately  afterwards  by  Sir  Humphiy  Davy. 
In  the  amorphous  state,  it  is  a  dark  greenish  brown  powder,  opaque,  free  from  taste  and  smell, 
and  a  non-conductor  of  electricity  when  un-ignited ;  it  is  slightly  soluble  in  water ;  when  heated  to 
about  300**  C.  (572°  F.)  it  bums  in  the  air,  forming  boracic  add.  Boron  also  exists  in  the 
graphitoidal  form  as  well-defined  six-sided  crystals,  perfectly  opaque,  and  of  a  semi-metallio 
lustro.  An  adamantine  or  diamond  boron  is  also  known  in  the  form  of  quadratic  octahedrons^ 
specific  gravity  2*63,  and  sometimes  as  hard  as  the  diamond,  and  of  a  scarcely  perceptible  honey- 
yellow  colour.  Boron  f oims  compounds  with  all  the  other  elements,  but  the  only  ones  which 
we  can  hero  allude  to  aro  boradc  acid  and  the  borates. 

Boracic  Acid  (in  the  anhydrous  state  B^Os)  is  the  only  known  oxide  of  boron.  It  is  a  colour- 
less, brittle,  glassy  mass  after  fusion,  of  specnfic  gravity  I  '83.  It  melts  at  a  little  below  rodness. 
It  dissolves  in  water  and  alcohol  Its  alcoholic  solution  bums  with  a  beautiful  green  flame,  (the 
same  colour  being  produced  when  a  boron  compound  is  heated  before  the  blowpipe),  and  crystal- 
lises from  its  aqueous  solution  in  white  translucent  pearly  plates,  which  have  a  bitterish,  cooling 
taste.  It  is  obtained  prindpally  from  the  volcanic  district  of  Tuscany,  and  moro  recently  from 
borax  lakes  in  California  and  other  parts  of  the  world.  Although  not  add  to  test  paper,  it 
miites  with  bases,  and  forms  well-defined  salts  called  BoraU9.  The  only  one  which  need  be 
mentioned  here  is  the 

Biborate  of  Soda  or  Borax  (2NaB0s.B(0s.)  It  is  found  native  in  many  parts  of  the  world, 
and  in  the  crude  state  is  known  in  commerce  as  tincal.  In  the  pure  state,  ordinary  borax 
contains  ten  equivalents  of  water,  and  forms  large  transparent  prisms,  which,  "when  heated, 
intumesce  considerably,  forming  a  bulky  white  spongy  mass,  which,  at  a  rod  heat,  fuses  to  a 
colourless  dear  glass.  Borax  is  readily  soluble  in  water,  forming  a  solution  whicn  has  a  slight 
alkidine  reaction.  Owing  to  its  easy  fusibility  and  its  property  of  forming  readily  fusible  com- 
pounds with  other  metallic  substances,  borax  is  of  great  use  in  the  arts  and  manufactures.  It 
is  also  much  used  as  a  blowpipe-test  owing  to  its  forming  transparent  glasses  of  ch.-tracieristic 
colours  when  melted  on  a  platinum  wiro  loop,  with  small  quantities  of  compounds  of  copper, 
chromium,  cobalt,  iron,  manganese,  &c 

In  its  chemical  characters,  boron  is  similar  to  silicQiL  There  are  many  organic  compounds 
of  boron.  

BORONATBOGALCITE.  A  native  borate  of  caldum  and  sodium,  met  with  in  South 
America,  and  sometimes  used  as  a  source  of  boron  compounds.    Formula,  2  (NaCasHgBgOij) 

+  isaq- 

BORROWING  DAYS.  A  name  given  to  the  days  of  cold  weather  commonly  occurring 
from  about  the  nth  to  the  14th  of  Apnl.  Before  the  change  of  style,  these  days  belonged  to 
the  beginning  of  April,  so  as  to  justify  the  following  lines,  often  heard  in  North  Britain  :— 

**  Maroh  borrows  frae  April 
Three  days  and  they  are  ill : 
The  first  o*  them  is  wim'  an'  weet, 
The  second  it  is  snaw  and  sleet ; 
The  third  o'  them  is  a  peel-a-bane 
And  freezes  the  wee  bird's  neb  tae  stane." 

BOYLE'S  LAW.  The  law  of  the  relation  between  the  pressure  and  volume  of  a  gas.  It 
states  that  if  the  temperature  remain  the  same,  the  volume  of  a  gas  varies  inversely  as  the 
pressure.  The  experiment  by  which  the  law  was  proved  by  Boyle  and  Marriotte,  will  serve  as 
an  illustration.  Let  a  bent 'tube  of  glass  be  taken,  dosed  at  one  end,  and  let  mercury  be  poured 
into  the  open  end,  thus  separating  the  air  in  the  closed  part  from  the  external  air.  When  the  mer- 
cury is  just  suffident  to  separate  the  air,  it  stands  of  course  at  the  same  level  in  both  parts  of  the 
tube.  Let  us  suppose  the  mercurial  barometer  to  be  at  30  inches  when  the  experiment  is  tried, 
then  the  pressure  on  the  air  is  equivalent  to  that  of  30  inches  of  mercury.  Let  more  mercury 
be  poured  into  the  open  tube,  the  air  in  the  dosed  part  will  be  compressed,  but  the  levels  of  the 
merouiy  will  not  be  in  the  same  horizontal  line.  When  the  mercuiy  stands  in  the  longer  arm 
of  the  tube  at  30  inches  above  the  levd  of  the  shorter,  the  air  will  be  compressed  into  half  its 
former  bulk.  It  is  now  under  a  pressure  of  twice  30  inches  of  mercury  or  two  atmospheres,  and 
the  space  occupied  is  half  that  when  the  pressure  is  one  atmosphere.  If  the  levd  of  the  mercury 
in  the  longer  ami  be  twice  30  inches  above  that  in  the  shorter,  so  that  the  whole  pressure  is 
three  atmospheres,  the  volume  of  the  compressed  air  is  one-third  of  the  original  volume,  and  so 
on,  the  general  law  being  that  the  space  occupied  by  the  air  is  inversely  proportional  to  the 
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pressure.  The  Iaw  maj  be  also  stated  thiu  :  the  product  of  the  yolume  and  pressure  is  alway* 
the  same. 

BRACHISTOCHBONE.  (Ppaxvs,  short ;  fipax^^ot,  shortest ;  and  x/><»v<>  time.|  A  line 
joining  two  points,  such  that  if  a  particle  falling  from  one  of  the  points  be  oonstrainea  to  move 
along  the  line,  the  time  of  motion  to  the  other  point  will  be  shorter  than  if  the  particle  moved 
between  the  points  along  any  other  path.  The  problem  to  find  the  brachistochrone  or  curve  of 
quickest  descent,  for  a  particle  sliding  under  the  action  of  gravity,  from  one  of  two  points  to  the 
other  which  is  neither  in  the  same  horizontal  nor  vertical  line,  is  very  celebrated  in  the  history 
of  Dynamics.  The  curve  in  this  case  is  a  cycloid,  that  is,  the  curve  traced  out  by  a  point  on  the 
circumference  of  a  circle  which  rolls  on  a  straight  line. 

BRAKE.  (German,  brake.)  A  piece  of  mechanism  for  retarding  or  stopping  motion  by 
friction,  or  by  locking  the  wheels  of  carriages  by  pressure.  The  brakes  in  machinery  connected 
with  stationary  engines  usually  oonaiBt  of  a  belt  of  leather,  passed  round  one  or  moro  wheels, 
and  tightened  by  means  of  a  lever.  Brakes  for  carriages  are  contrivances  for  stopping,  wholly 
or  partially,  some  or  all  the  wheels,  so  that  they  slide  instead  of  roll.  The  maximuni  effect 
of  a  brake  is  obtained  when  it  completely  stops  the  revolution  of  the  wheels  on  which  it  acta. 
In  the  case  of  railway  carriages  the  increased  resiBtance  produced  by  the  brake  brings  the  train 
to  rest  in  the  coarse  of  a  time  directly  proportional  to  the  speed,  and  inversely  to  the  resistance^ 
and  of  a  distance  directly  proportional  to  the  square  of  the  speed,  and  inversely  to  the  resistanoo. 
The  diatance  in  the  course  of  which  a  train  is  stopped  is  of  more  importance  practically  than  the 
time.  Ordinary  brakes  consist  of  two  blocks  of  wood  made  to  fit  two  adjacent  wheels,  and 
brought  in  contact  with  the  wheels  by  a  combination  of  levers,  screws,  and  bevelled  wheels. 
They  are  worked  by  hand  in  carriages  called  "  brake  vans."  Brakes  have  been  devised  to  act 
on  flJl  the  wheels  at  once  by  mecluuiism  worked  by  steam.  Such  brakes  stop  a  train  movini^ 
with  a  speed  of  lO  miles  an  hour  in  24  feet,  of  30  miles  an  hour  in  216  feet,  and  50  nules  an 
hour  in  600  feet.  With  ordinary  brakes  these  distances  are  respectively  108  to  144  feet  for  10 
miles  an  hour,  972  to  1296  for  30  miles  an  hour,  and  2700  to  3600  for  50  miles  an  hour.  Mr. 
Fairbaim's  Report  to  the  British  Association  on  Brakes,  1859,  may  be  consulted  for  further 
information. 

BRAMAH'S  PRESS.    See  HydrauLvc  Press. 

BRANNITB.    See  Manganese,  Oxides. 

BREAK,  or  Bheotome.  A  name  given  to  contrivances  used  in  many  electric  instroments  for 
making  and  breaking  a  circuit  through  which  a  current  flows.  The  form  of  it  depends  entirely 
upon  the  special  purpose  for  which  it  is  used.  The  very  simplest  break  is  a  conunon  file.  If  one 
wire  from  the  battery  be  put  in  contact  with  it  and  the  other  be  drawn  briskly  along  the  surface, 
the  circuit  is  made  and  broken  as  the  wire  passes  from  tooth  to  tooth.  Again,  a  toothed  wheel 
turned  over  the  sur&use  of  mercury  is  frequently  used,  one  wire  being  connected  with  the 
mercury  and  the  other  with  the  wheeL  As  the  teeth  enter  and  leave  the  mercury  the  circuit 
is  made  and  broken.  Of  self-acting  breaks  there  are  also  many;  for  example,  that  of  RubmkorflTa 
induction  machine  is  a  small  luunmer  of  soft  iron  pressed  by  means  of  a  spring  against  a  little 
anvil,  and  the  current  passes  from  the  one  to  the  other.  But  the  hanmier  is  placed  between 
the  anvil  and  the  soft  iron  core  of  the  prinuuy  coil,  and  as  soon  as  the  current  flows  the  core 
becomes  a  magnet  and  attracts  the  luunmer  to  itself,  thus  breaking  the  circuit.  The  circuit  being 
broken  the  core  ceases  to  be  a  magnet,  and  the  hainmer  springs  back  against  the  anvil  again,  and 
the  current  passes  once  more.  Other  breaks  and  commutaiors  are  described  in  connection  with 
the  instruments  to  which  they  are  applied. 

BREATH  FIGURES.  If  glass,  or  other  smooth  surface,  be  written  on  with  a  wooden 
point,  the  characters  become  visible  by  breathing  on  the  surface.  Hence  such  figures  are 
termed  Hauchfiguren  by  German  writers,  and  figures  rorigueSf  or  roric  figures,  by  the  French, 
(from  ros,  "  dew,"  gen.  roris.) 

There  are  various  modes  of  producing  such  figures.  Moser's  figures  depend  on  the  proposition 
that  if  any  two  bodies  be  brought  sufficiently  near  each  other,  and  face  to  face,  one  of  them 
impresses  its  image  on  the  other.  Thus  the  glass  used  to  protect  a  framed  print  receives  an 
in\iBible  impression  of  the  print,  which  may  be  made  visible  by  exposing  the  glass  to  vapour  of 
water,  iodine,  mercury,  &c.  The  inscription  on  the  back  of  the  inner  case  of  a  watch  is 
repeated  on  the  inner  side  of  the  outer  case.  The  parts  of  machines  in  contact  or  near  together 
impress  themselves  on  each  other,  and  so  on. 

iBreath  figures  are  easily  produced  by  common  electricity.  If  a  coin  be  placed  on  glass,  and 
a  stream  of  sparks  be  directed  upon  it  during  some  minutes,  on  throwing  ofif  the  coin  and 
breathing  on  the  glass  an  image  of  the  coin  will  be  produced.  In  such  case  the  film  which 
covers  the  glass,  in  common  with  all  bodies  exposed  to  the  air,  is  burnt  off  in  a  more  or  less 
graduated  manner,  according  as  the  parts  of  the  coin  near  the  glass  are  more  or  less  raised. 
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These  burnt  off  portions  being  more  or  less  chemically  clean  than  the  other  parts  of  the  glass, 
condense  the  breath  in  various  ways  as  compared  with  the  nnbnmt  portions,  from  minute 
globules  of  dew  to  continuous  sheets  or  lines  of  water.  Hence  the  image  and  superscription  are 
made  out  by  the  condensed  moisture  of  the  breath.  Some  of  the  figures  belonging  to  the  first 
named  class  probably  depend  on  some  obscure  molecular  change  in  the  surface  of  the  material, 
similar  to  the  latent  images  in  plates  that  have  been  submitted  to  photographic  action,  and 
apparently  well  cleaned.  Such  images  sometimes  start  into  existence  when  the  plate  is  again 
photographically  treated.  For  an  application  of  Breath  FiguioB  that  is  calculated  to  dispel  a 
superstition  see  Lightning  Figures. 

BREGUET'S  HELIX.    See  MetaUic  Thermometer. 

BREWSTER'S  THEORY  OF  THE  SPECTRUM.  As  the  result  of  numerous  experi- 
ments on  the  decomposition  of  light  by  absorption  in  coloured  media,  Sir  David  Brewster  was 
led  to  the  conclusion  that  the  solar  spectrum  oonsista  of  three  spectra  of  equal  lengths,  viz.,  a 
red,  a  yellow,  and  a  blue  spectrum ;  each  having  its  maximum  of  intensity  in  the  middle  of  the 
space  of  its  own  colour  in  the  spectrum,  and  declining  rapidly  at  each  side.  This  view  is  now 
generally  considered  erroneous.    (See  Brewster*  s  Optica,  chap.  vii.  p.  71.)    See  Svectrum, 

BRIDGES.  (A.-Sazon,  brycg.)  Any  structure  of  wood,  stone,  brick,  or  iron  raised  over 
water,  or  roads  for  the  passage  of  men  and  other  animals.  Among  rude  nations  bridges  are 
sometimes  formed  of  other  materials,  and  sometimes  they  are  made  of  boats.  In  tracing  the 
history  of  bridges  we  find,  as  might  be  expected,  that  they  were  first  used  in  countries  the 
physical  features  of  which  made  extensive  inland  communications  impossible  without  them. 
No  bridges  are  found  amongst  the  remains  of  ancient  Egypt.  The  Greeks  paid  no  attention  to 
bridge  architecture  until  after  their  conquest  by  the  Romans.  The  Romans  understood  the 
importance  of  building  permanent  structures  over  rivers,  and  were  well  acquainted  with  the 
principles  of  the  arch  at  an  early  period.  Many  of  these  arches  have  resisted  all  attacks  of 
time.  They  are  chiefly  semicircular,  some,  however,  consisting  of  a  smaller  segment.  The  im- 
portance attached  to  the  care  of  bridges  by  the  early  Romans  ia  shown  by  tiie  fact  that  the 
highest  Roman  sacerdotal  title  was  that  of  pontif ex  ( = bridge-maker,  from  pons  and  faciei).  The 
chief  of  the  pontifices,  called  the  pontif  ex  maximuSj  was  always  created  by  the  people  and  chosen 
from  those  who  had  borne  the  chief  offices  in  the  state.  From  this  word  the  title  of  pontif  in 
modem  Europe  is  derived.  The  earliest  Roman  arch  now  standing  is  the  Cloaca  Maxima  built 
by  the  elder  Tarquin. 

One  of  the  earliest  bridges  over  the  Tiber  was  the  Pons  Sublidus  (subUccBf  stakes  or  piles). 
It  was  built  by  Ancus  Martins,  and  dedicated  with  great  pomp  and  solemnity  by  the  Roman 
priest.  It  was  re-built  with  stones  by  .^}myllu8  Lepidus,  whose  name  it  assumed.  Some 
vestiges  of  'it  may  still  be  seen.  Other  bridges  over  the  Tiber  and  Amo  were  Pons  Cestus 
built  in  the  reign  of  Tiberius  by  Cestius  Gallus ;  Pons  Aurelianus,  built  of  marble  by 
Antoninus ;  Pons  Janicularis,  which  is  still  standing ;  Pons  Fabricius ;  Gardius,  built  by 
Agrippa ;  and  Palatinus,  near  mount  Palatine,  also  called  Senatorius,  begun  by  Fulvius  and 
fiiushed  in  the  censorship  of  Mummius,  portions  of  which  are  still  standing.  Trajan's  bridge 
over  the  Danube,  designed  by  Appolodorus  of  Damascus,  was  perhaps  the  most  magnificent 
structure  of  the  kind  in  the  Roman  period.  It  was  4770  feet  long,  and  supported  by  20  square 
piers  150  feet  high,  60  feet  broad,  and  170  feet  from  each  other.  It  was  destroyed  by  Hadrian 
the  successor  of  Trajan.  From  the  Roman  period  to  the  Middle  Ages  few  bridges  of  large 
dimensions  were  erected.  In  the  twelfth  centuiy  an  order  was  instituted,  termed  the  Fr^res 
Pontiers,  for  building  bridges,  and  under  their  direction  a  bridge  was  completed  at  Avignon  in 
1 1 76.  Li  1354,  at  Verona  a  bridge  was  built  consisting  of  three  arches,  the  largest  160  feet 
span.  In  1454  one  was  built  over  the  Allier  in  France  having  a  span  of  184  feet.  The  Rialto, 
at  Venice,  was  commenced  in  1588.  It  was  built  by  Michael  Angelo.  It  has  a  span  of  984 
feet  and  is  23  feet  above  the  water.  In  1774  a  bridge  was  completed  over  the  Seine  at  KeuiUy 
by  l*erronet,  the  father  of  the  modem  system  of  art,  consisting  of  five  arches,  each  having  a 
span  of  39  metres  (»  128  feet  nearly),  a  rise  of  975  metres  (»  32  feet  nearly).  Bridge  bmld- 
ing  in  England  has  more  than  kept  pace  with  that  on  the  Continent.  One  of  the  earliest 
arches  built  in  the  last  century  was  a  one  arch  bridge  over  the  Taffe  in  Glamoi^ganshire,  built 
in  1756  by  a  oountiy  mason,  William  Edwards.  It  is  the  segment  of  a  drole  whose  diameter  is 
175  feet.    The  span  is  140  feet,  height  35  feet,  and  abutments  32  feet. 

Wooden  Bridges.  Very  durable  bridges  can  be  constructed  of  timber,  and  when  it  is  difficult 
to  procure  stone  or  iron  for  the  purpose,  wooden  bridges  are  chosen  on  the  ground  of  expense. 
The  trusses  of  the  bridge  should  be  arranged  so  that  pressure  is  transmitted  from  one  to  the 
others,  as  is  the  case  with  the  parts  of  a  stone  bridge,  so  that  instead  of  being  weakened  by  the 
passage  of  heavy  loads  they  will  become  stronger. 

Tempofrary  and  MoveabU  Bridges,    Tem^niy  bridges  axe  frequently  made  by  bracing  to- 
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gether  a  number  of  boats,  and  laying  planks  over  them.  The  bridge  built  by  Darius  over  the 
Hellespont  or  Dardanelles  to  pass  from  Asia  to  Europe  was  of  this  kind,  and  suipassed  all 
modem  military  bridges.  Portable  floating  vessels,  termed  pontoons,  are  now  used  instead  of 
boats,  in  constructing  military  bridges.  The  pontoons  used  in  the  British  army  are  tin  cyLmders, 
with  hemispherical  ends,  and  are  of  two  sizes,  one  being  22  feet  3  inches  long,  and  2  feet  S 
inches  in  diameter ;  the  other  14  feet  9  inches  long,  and  i  foot  7  inches  in  diuneter.  Dravh 
bridges^  made  to  take  up  or  let  down,  as  occasion  serves^  before  the  gate  of  a  town  or  castle, 
were  much  used  in  the  fortificationB  of  the  middle  ages.  It  is  frequently  necessary,  in  navigable 
rivers  and  docks,  to  make  bridges  which  can  be  easily  moved.  Such  bridges  usually  cross  the 
water  near  its  level,  are  made  of  timber  or  iron,  and  are  capable  of  being  opened  so  as  to  leave 
the  navigation  clear  and  dosed,  so  as  to  form  a  passage  for  a  road  or  railway.  There  are  five 
kinds  of  movement  used  with  Uiese  structures : — i.  By  turning  about  a  horizontal  axis.  2.  By 
turning  about  a  vertical  axis.  3.  By  rolling  horizontally.  4.  By  lifting  vertically.  5.  By 
floating  on  the  water.  Besides  having  the  strength  and  stiffness  required  in  a  fixed  bridge,  a 
moveable  bridge  must  fulfil  some  other  condition.  If  it  turns  about  on  axis,  it  mustbe  balanoad 
so  that  its  centre  of  gravity  will  always  lie  in  the  axis ;  if  it  rolls,  its  centre  of  gravity  must 
always  lie  over  the  base  or  platform  on  which  it  roUs. 

Suspension  Bridges.    These  bridges  are  formed  by  suspending  between  two  pien  a  cable  or 
chain,  and  hanging  a  platform  from  it  by  means  of  vertical  rods. 

Suspension  Bbidges. 
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Iron  Bridges.  The  first  iron  bridge  erected  in  England  was  that  built  over  the  Severn,  near 
Coalbrook-dale  in  Shropshire,  by  Abraham  Darley,  in  1780,  consisting  of  one  arch  of  100  feet 
span.  In  the  next  year  another  iron  bridge  was  built  over  the  same  river  at  Buildwas,  and  a 
third,  having  a  span  of  236  feet,  and  a  height  of  60  feet  above  the  water,  was  built  at  Wear- 
mouth  in  Durham. 

Ibon  Bbidobs  (Cast). 


Kama. 

Biver  and  Place. 

Widest  Arch. 

Carve. 

Architect 

Date. 

Span. 

Rise. 

Sonthwark 

Sunderland 

Buildwas 

Tarascon 

Westminster 

Blackf  liars 

Thames  at  London 
Wear  at  Sunderland 
Severn  at  Buildwas 
Rhone  at  Tarascon 
Thames  at  London 
Thames  at  London 

Ft  In. 

340    0 
240    0 
150    0 
304    4 
zao    0 
aoo    0 

Ft  In. 

34    0 
30    0 
37    0 
z6    6 
Z3    0 
IS    0 

Segment 

Segment 

Segment 

Segment 

EllipUcal 

Segment 

Rennie 

Wilson 

Telford 

Unknown 

Page 

Cabltt 

z8x8 

1859 

z86z 
Z870 

Ibon  BBiDass  (Wbouqht). 
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Two  n>ecie8  of  iron  bridges  have  been  used  to  secure  flat  ways  for  raflroads.  Bridges  of  the 
first  kind  are  supported  by  iron-braced  girders,  which  are  either  Warren  girders  (formed  like  the 
letter  W  repeated  horizontally),  lattice  girders^  or  bowstring  girders.    Examples  of  these  avo 
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famished  by  the  railway  bridges  over  the  Thames  at  Charing  Cross,  Blackfriars,  and  Cannon 
Street.  Bridges  of  the  second  kind  are  supported  by  tubular  girders,  and  are  therefore  tenned 
tubular  bridges.  The  girders  are  hollow,  and  so  large  as  to  idlow  the  traffic  of  the  bridge  to 
pass  in  the  interior.  They  are  composed  of  iron  plates  riveted  together,  forming  at  the  top 
and  bottom  of  the  girder  rows  of  square  cells.  The  three  largest  bridges  of  this  description  are 
the  Britannia  Bridge  over  the  Menai  Straits,  the  Conway  EaUway  Bridge,  and  the  Victoria 
Bridge  over  the  St.  Lawrence. 

AtUhoritiea  on  Bridges : — Gauthey,  Traits  de  la  Construction  des  Fonts ;  Annales  des  Fonts 
et  Chauss^es.  Weale^s  Bridges.  Smiles's  Lives  of  the  Engineen.  Bankine,  Applied  Mechanics. 
Fairbaim,  On  Tubular  Bridges.  Clark,  On  the  Britannia  and  Conway  Bridges.  Hodges,  On 
the  Victoria  Bridge.    Stephenson,  On  Lron  Bridges  in  the  Encyc.  Brit. 

BRIDGE,  WHEATSTONE'S,  is  an  arrangement  for  comparing  the  electric  resistance  of 
wires.  There  are  several  forms  of  apparatus  for  the  purpose.  The  following  description  will  illus- 
trate  the  principle  of  all : — Imagine  four  thick  pieces  of  brass,  each  provided  with  three  bindint? 
screws,  and  placed,  insulated  from  each  other,  at  the  angles  of  a  square.    Let  them  be  called 

A 
A,  B,  C,  and  D.    ThuB  D       B.    Let  then  four  resistances  be  inserted ;  two  of  them,  whi<^ 

C 
are  known,  between  A  and  D,  and  A  and  B  ;  and  two,  which  are  to  be  compared,  between  D 
and  C,  and  B  and  C.  Let  the  terminals  of  a  battery  be  attached  to  B  and  D,  and  the  termi- 
nals of  a  galvanometer  be  attached  to  A  and  C.  Now  the  current  will  divide  (see  Current^ 
Divided)  at  B  and  D,  and  flow  in  the  two  drcuits  BAD  and  BCD,  and  there  will  besides  be 
the  wire  passing  rotmd  the  galvanometer,  in  which  a  current  might  flow  from  A  to  C,  or  from 
C  to  A,  if  there  were  any  electromotive  force  in  either  direction,  and  such  a  current  would  be 
indicated  by  the  galvanometer.  But  it  can  be  shown  that  there  wiU  be  no  Buch  an  electromotive 
force  unless  a  certain  ratio  exist  between  the  resistances  B  A,  A  D,  D  C,  C  B,  unless  in  fact  the 
proportion 

B  A  :  AD  :  :  BC  :  CD 
holds,  and  that  if  this  proportion  holds  there  will  be  no  current.    Now,  if  either  B  A  or  A  D, 
the  known  resistances,  is  alterable,  we  can  put  in  resistance,  or  take  it  out,  till  there  is  no 
deflection  of  the  galvanometer.    By  this  means  we  readily  determine  the  ratio  of  B  C  :  0  D. 
Lastly,  if  one  of  these  be  known  in  proper  units,  the  other  likewise  becomes  known. 

BRITISH  ASSOCIATION  UNIT.  The  unit  of  electric  resistance  determined  on  by  the 
Committee  appointed  by  the  British  Association  for  the  Advancement  of  Science,  to  examine 
into  the  question  of  the  units  of  electric  resiatance.    (See  BemUince,  Units  of  Electric.) 

BRITISH  GUM.    See  Dextnn. 

BRITTLENESS.  (Anglo-Saxon,  hryttan,  to  break.)  The  property  of  easily  breaking.  It  is 
generally  possessed  by  hard  and  elastic  substances,  which  only  permit  very  slight  displacement 
of  their  particles  witiiout  breaking.  It  is  a  property  not  marked  out  by  de&dte  limit,  but  is 
the  opposite  of  flexibility ;  so  that  bodies  which  are  less  brittle  are  more  flexible ;  and  con- 
versely, as  bodies  become  more  brittle,  they  are  less  flexible.  Steel,  after  being  heated  red-hot, 
and  suddenly  cooled,  becomes  very  brittle  and  hard ;  but  if  very  slowly  cooled,  it  is  comparatively 
soft  and  flexible.  Glass,  though  very  elastic,  is  one  of  the  most  brittle  substances  Imown.  (See 
FlexUnliti/f  Hardness,  Elasticity.) 

BROMAL.  A  substance  produced  by  the  action  of  bromine  on  alcohol  Formula,  C^  H  Brs  O. 
It  is  analogous  to  chloral,  and  is  a  transparent,  colourless  oil  of  specific  gravity,  3*34.  It  pos- 
sesses a  peculiar  pungent  odour,  and  like  chloral  it  fonns  a  hydrate  containing  two  atoms  of 
water,  and  crystsJlises  readily. 

BROMINE.  (Pp&fjLoif  an  offensive  odour.)  A  non-metallic  element  belonging  to  the  chlorine 
group.  It  is  a  liquid  of  a  deep  red-brown  colour,  very  volatile,  and  of  a  peculiar  irritating, 
repulsive  odour.  Specific  gravity  2*966.  It  solidifies  at— 22  (—7*6°  F.),  forming  a  hard  brittle 
mass  of  a  lead-«ray  semi-metallic  appearance.  Boiling  point,  58*  C.  (136**  F.).  Symbol  Br. 
Atomic  weight,  00.  It  is  slightly  soluble  in  water,  more  so  in  alcohol,  and  miscible  with  ether  in 
all  proportions.  Its  chemioeil  energies  are  very  powerful ;  it  unites  with  all  elementary  bodies, 
forming,  for  the  most  part,  well-marked  compounds  or  bromides.  Bromine  closely  resembles 
chlorine  in  its  properties,  being  the  second  term  of  the  chlorine,  bromine,  and  iodine  group. 
Bromine  forms  several  oxygen  compounds,  the  most  important  of  which  is  Bromxc  Acidi^'Br  Og), 
which  unites  with  bases  forming  hromaUs,  The  principal  compound  of  bromine  is  the  hydrogen 
compound,  or  hydrobromio  add. 

liydrobronUc  Acid  (HBr.),  is  a  colourless  gas,  having  a  very  pungent  odour.  It  is 
eagerly  absorbed  by  water,  forming  a  strongly  acid  solutiun  which  fumes  in  the  air.  On  ex- 
posure to  air  it  decomposes  slightlyi  oxygen  being  absorbed  and  bromine  separated.    Hydro- 
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bromic  acid  perfectly  Batuntes  baaee^  forming  meUllio  bromides,  which  will  be  deociibed  under 
their  respective  headings. 

BROOKITE.    See  Titanium  Di-oxide. 

BRORSEN'S  COMET.    See  C<meit. 

BUBBLES.  The  term  bubble  is  applied  to  a  great  variety  of  different  conditions  of  liquids 
in  relation  to  gases.  We  shall  confine  ourselves  here  to  the  oonsideFation  of  the  size  of  bubbles 
of  gas  formed  in  the  midst  of  a  liquid  medium.  Por  further  details  the  reader  is  referred  to  a 
paper  by  the  author  of  this  article,  Proceedings  R.  Soc.,  xiv.,  p.  22.  The  size  of  the  bubbles  ar« 
measured  by  measuring  the  volume  of  water  which  flows  out  of  an  aspirator,  which  draws  a  gas 
in  the  shape  of  a  certain  number  of  bubbles  through  a  liquid.  The  rate  at  which  the  bubbles 
are  formed  has  little  or  no  influence  on'^the  bubble  size.  The  nature  of  the  gas  has  lUso  little  or 
no  effect,  the  bubbles  formed  mider  like  conditions  of  nitrogen,  air,  carbonic  acid,  oxygen,  and 
hydrogen,  being  sensibly  the  same.  The  size  of  the  bubble  is  also  inappreciably  alter^  by 
change  in  the  ordinary  atmospheric  temperature  and  pressure.  With  regard  to  the  size  of  the 
orifice  out  of  which  the  bubbles  issue,  it  is  found  that  the  bubble  size  may  be  doubled  by 
increasing  the  diameter  of  the  tube  five  times.  But  this  relation  varies  with  the  actual  size  of 
the  orifice.  The  chemical  nature  of  the  liquid  is  of  great  influence  on  the  bubble  size.  In  our 
series  of  experiments,  the  bubble  size  of  air  through  several  media  was  the  following  : — 
Mercury,  41*2 ;  glycerine,  ii'45 ;  water,  8 '60;  alcohol,  4*80;  turpentol,  4*53,  &c. 

BUNSEN'S  GALVANIC  BATTERY.  In  this  battery  the  cells  consist  of  an  outer  vessel 
filled  with  dilute  sulphuric  add,  in  which  is  placed  a  zinc  plate,  and  within  this  is  a  porous  cell 
containing  strong  nitric  add,  and  having  a  prism  of  carbon  immersed  in  it.  It  is  seen  thus  that 
the  battery  is  a  modification  of  Grove's  nitric  add  battery.  The  invention  of  Bunsen  consisted 
in  making  the  carbon  prism,  which  he  produces  by  pressing  together  into  an  iron  mould  a 
mixture  of  coke  dust  and  powdered  coal,  and  then  heating  it  in  a  furnace.  A  mass  is  thus 
obtained,  which,  after  soaking  in  gas  tar,  possesses  high  conducting  power.  Instead  of  these 
prisms  it  is  usual  now  to  employ  prisms  cut  from  the  hard  carbon  which  collects  in  the  roofs  of  gas 
retorts.  The  chemical  reaction  which  takes  plxkce  in  the  Bunsen  ceU  is  the  same  as  that  in  tibe 
Grove  cell,  the  nascent  hydrogen  being  got  rid  of  by  the  decomposition  of  the  nitric  add,  and 
the  polarization  of  the  conducting  or  carbon  plate  due  to  its  presence  being  thus  avoided.  The 
Bunsen  battery  possesses  the  great  advantage  of  cheapness  over  that  of  Grove. 

BUNSEN'S  PHOTOMETER  consists  essentially  of  a  screen  of  fine  writing  paper,  the 
transparency  of  the  central  portion  of  which  has  been  increased  by  being  saturated  with  melted 
sjMsrmaceti  On  one  side,  at  a  distance  of  a  few  feet,  is  placed  the  standard  light,  usually  a 
sperm  candle  of  a  particular  make,  and  on  the  other  side  the  light  whose  relative  intensity  is  to 
be  ascertained.  The  two  lights  are  attached  to  graduated  baxs,  and  their  distances  from  the 
screen  altered  until  the  spots  of  grease  on  the  pajjcr  ceases  to  be  visible  when  viewed  from  either 
side.  The  intensities  of  the  two  lights  will  then  be  to  one  another  as  the  squares  of  their  distance 
from  the  screen.     (See  Phjotcmetry.) 

BUOYANCY.  When  a  body  is  immersed  in  a  fluid  (liquid  or  gas)  and  exhibits  a  tendency 
to  rise,  it  is  said  to  be  buoyant.  For  the  cause  and  measure  of  buoyancy  see  DUplacemetU  of 
JAgtiids  and  Spectjic  Gravity, 

BURNING  LENS.  By  concentrating  the  sun*s  rays  by  means  of  a  convex  lens  of  short  focus 
in  comparison  to  its  diameter,  the  heat  becomes  enormously  intensified.  With  the  lens  con- 
ftructed  by  Mr.  Parker,  a  sheaf  of  rays  3  feet  in  diameter,  was  concentrated  into  a  focus  of  half 
an  inch  ;  at  this  point  platinum,  gold,  copper,  quartz,  flint,  topaz,  garnet,  anbestos,  &c.,  were 
melted  in  a  few  seconds.  A  lens  for  burning  puqioses  need  not  be  achromatic,  nor  constructed 
with  that  extreme  precision  necessary  in  the  case  of  astronomical  lenses.     (See  Zens.) 

BURNING  MIRROR     See  Concave  Mirror. 

BUTTER  OF  ANTIMOJTST.    See  Antimony. 


CABLE,  CAPACITY  OF.  By  the  capadty  of  a  submarine  cable  is  understood  the  property 
which  it  possesses  of  accumulating  electridty  just  as  does  a  Leyden  jar.  If  one  end  of  a  cable 
be  *'  cut,"  that  is,  disconnected  from  the  earth,  and  in  fact  insulated,  and  if  one  pole  of  a  battery 
be  applied  to  the  other  end,  the  second  battery  pole  being  put  to  earth,  a  current  is  found  to 
flow  from  the  batteiy  into  tiie  cable,  and  may  be  observed  by  means  of  a  galvanometer  placed 
between  the  battery  and  the  cable.  Again,  if  by  means  of  a  commutator  the  battery  be  cut  off 
from  the  cable,  and  the  cable  at  the  same  moment  put  to  earth,  a  current  will  be  found  to 
flow  out  of  the  cable,  showing  that  it  was  charged.  The  fact  is  that  a  submerged  cable  acts 
precisely  as  a  Leyden  jar ;  the  conducting  wire  of  the  cable  takes  the  place  of  one  coating,  the 
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water  that  of  the  other,  while  the  immlating  material  performs  the  office  of  the  glaes  or  other 
non-oonductor. 

The  inductiye  effect  here  referred  to  is  of  very  great  importance  with  respect  to  the  working 
of  submarine  cables.  To  it  is  due  the  phenomenon  known  by  the  name  of  inductive  embarrasa- 
meat  (which  see),  which  causes  both  delay  and  the  peculiar  slow  exit  from  the  cable  of  the  signal. 
(See  also  ^^ec^Hci^,  VdocUyof.) 

CABLE,  SUBMABINE,  is  the  whole  compound  rope  used  in  submaiine  telegraphy.  It 
consists  essentially  of  the  conducting  wire  through  which  the  signal  is  sent,  and  of  the  insisting 
coating  which  prevents  electrical  communication  between  the  wire  and  the  water  or  bottom  on 
which  it  lies ;  and  around  the  insulator  there  is  always  an  exterior  coating  of  some  kind  to 
prevent  th^  destruction  of  the  insulator  both  during  the  submersion  and  after  it.  We  shall 
briefly  describe  the  construction  of  a  cable.  Within  the  last  few  years  much  experience,  often 
dearly  bought,  has  been  gained  in  making  them ;  but  the  most  important  that  have  been  lately 
submerged,  namely  the  three  which  join  America  with  England  and  France,  and  those  which 
connect  India  with  England  have  been  thoroughly  successful,  and  the  pattern  on  which  they 
are  made  is  now  very  generally  adopted. 

The  conductor  is  made  of  copper  wire  of  the  very  best  quality.  The  choosing  of  the  wire  is 
a  matter  of  the  highest  importance ;  for,  as  Sir  W.  Thomson  pointed  out  in  1S58,  veiy  great 
differences  are  to  be  found  in  conducting  powers  of  various  specimens  of  copper  wire ;  differences 
which  may  make  the  rate  of  telegraphing  40  per  cent,  faster  or  slower  according  as  a  better  or 
worse  wire  is  taken.  Matthiessen  showed  that  pure  copper  wire  is  superior  to  all  alloys,  and 
construction  companies  now  reject  copper  whose  conductivity  is  not  95  compared  with  pore 
copper  taken  as  100.  The  conductor  consists  of  several  wires  twisted  together  so  as  to  form  a 
rope.  Formerly  one  wire  was  used ;  but  a  number  of  wires  twisted  together  is  found  much 
preferable,  as  one  or  two  of  them  may  be  broken  without  any  damage  being  done  to  the  cable, 
whereas  a  single  thick  wire  parting,  as  it  frequently  does  at  a  brittle  place,  completely  interrupts 
the  communication.  In  small  cables  three  wires  are  twisted  together  to  form  a  rope ;  in  a  large 
one  seven  are  used.  In  the  Atlantic  cables  the  gauge  of  the  strand  thus  formed  is  O'  144  of  an  indL 

The  insulator  consists  of  gutta  percha  and  Chatt^rton*s  compound,  which  is  a  mixture  of 
pitch  and  resinous  matter.  The  wires  are  first  covered  with  Chatterton's  compoimd,  and  the 
interstices  between  them  filled  up  with  it ;  and  by  this  means  the  passage  of  water  along  the 
strand  is  prevented,  should  any  reach  it  by  accident.  The  strand  ii  then  passed  through  a  vat 
containing  melted  gutta  percha^  and  is  drawn  through  a  die  of  a  proper  size  so  as  to  lay  on  a 
coating  of  the  reqiured  thickness.  After  this  three  layers  of  Chatterton's  compound  and  three 
more  of  gutta  percha,  are  applied  alternately  in  a  sinujar  manner.  The  gauge  of  the  corey  as  it 
is  called,  after  the  iTi.^ilating  covering  was  applied,  was,  in  the  case  of  the  Atlantic  cable,  0*454 
of  an  inch.  The  covering  the  wire  by  means  of  several  successive  coatings  is  of  great  importance ; 
for  it  is  almost  impossible  to  put  on  a  single  coating  of  sufficient  thickness  so  that  the  wire  shall 
be  in  the  middle  of  it ;  and  there  is  great  danger  in  doing  so,  of  leaving  air  bubbles  within  it, 
which,  being  penetrated  by  the  water,  permit  the  copper  wire  to  be  exposed  to  it. 

In  order  to  protect  the  core  thus  formed  from  injury  it  is  now  overlaid  with  wet  tanned  hemp, 
and  over  this  serving  of  hemp,  iron  wires  are  laid  spirally  along  the  cable.  The  hemp  protects 
the  core  from  injury  by  the  iron  wires,  and  the  iron  wires  give  the  strength  to  the  cable,  which 
is  necessary  during  the  paying  out  of  it  from  a  ship,  and  which  prevents  its  being  cut  and  de- 
stroyed by  rocks  and  imevennesses  of  the  ocean  bed.  The  iron  wires  are  galvaxdsed  to  protect 
them  from  rust,  and  in  some  cases  are  separately  covered  with  a  serving  of  hemp. 

Under  Atlaviic  Tdegra^h  some  particulars  with  regard  to  the  most  inyportant  existing  cables 
will  be  found. 

CACODYL.    See  Anente. 

CADET'S  FUMING  LIQUID.    See  Arsenic. 

CADMIUM.  A  metallic  element  associated  in  nature  with  zinc,-  discovered  independently 
by  Stiomeyer  and  Hermann ;  Atomic  weight,  56  ;  Symbol,  Cd.  Cadmium  is  a  soft  white 
metal,  with  a  slight  bluish  colour.  It  is  susceptible  of  a  high  polish,  but  tarnishes  after  a  short 
time.  It  is  highly  crystalline,  and  when  bent,  crackles  like  tin.  It  is  very  malleable  and  duc- 
tile ;  fuses  below  redness,  and  volatilises  below  the  boiling  point  of  mercury.  Cadmium  is 
readily  soluble  in  dilute  adds,  and  forms  well-defined  salts.  In  chemical  characteristics  cadmiimi 
strongly  resembles  zinc,  and  is  obtained  in  commerce  as  a  by-product  in  the  manufacture  of  this 
metaL    The  principal  compounds  are  the  following : — 

Protoxide  of  Cadmium,  Cd^O  anhydrous,  and  CdHO  in  the  hydrated  state.  The  former 
is  a  brownish  yellow  powder,  formed  when  cadmium  is  ignited  in  the  air.  The  latter  is  a  white 
precipitate,  obtained  by  adding  an  alkali  to  a  solution  of  a  cadmium  salt. 
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Bromide  of  Cadmium  (CdBr).  A  beautiful  pearly  crystalline  compotmd,  foimed  by  the  direct 
union  of  cadmium  and  bromine. 

(Moride  of  Cadmium  (CdCl).  A  transparent  micaceous  cxystalline  body,  fonned  when  a 
solution  of  cadmium  in  hydrochloric  add  is  evaporated  and  crystallised ;  in  this  condition  it 
contains  one  equivalent  of  water,  which  is  evolved  at  a  higher  temperature. 

Iodide  of  Cadmium  (Cdl).  This  is  easily  prepared  by  the  direct  union  of  the  two  elements 
under  water  or  alcohol  It  forms  large  transparent  six-sided  crystals  which  melt  easily,  and  at 
a  high  temperature  sublime,  with  partial  decomposition.  The  three  latter  salts  are  much  used 
in  photography,  on  account  of  their  solubility  in  aloohoL 

Sulphide  of  Cadmium  (Cd^S),  occurs  native  as  the  mineral  Greenockite,  and  is  prepared  arti- 
ficially by  passing  sulphuretted  hydrogen  through  a  solution  of  a  cadmium  salt.  It  is  an  orange 
yellow  powder  permanent  in  the  air,  and  unaffected  by  atmospheric  impurities ;  hence  it  is  of 
great  value  as  a  pigment,  known  under  the  name  of  Cadmium  Ydhw. 

CJELVM..  In  astronomy  (abbreviated  from  Ccda  Sculptoria,  the  sculptor's  tools),  one  of 
Lacaille's  southern  constellations. 

CESIUM.  {CcesiuSf  sky  blue.)  An  alkaline  metal  discovered  in  i860  by  Kirchhoff  and 
Bunsen  by  means  of  spectrum  analysis,  (which  see) ;  symbol  Cs ;  atomic  weight,  133.  In 
its  chemiod  qualities  the  compounds  of  csesium  are  closely  allied  to  those  of  potassium.  One  of 
the  most  important  characteristics  of  caesium  is  its  spectrum  reaction,  which  exhibits  two  blue 
lines  dose  together,  from  the  colour  of  which  the  name  is  derived. 

CAFFEINE  ;  or,  Theine,    A  white  crystalline  substance  extracted  from  tea  or  coffee.     It 
separates  from  its  solutions  in  silky  needles,  which  have  a  slightly  bitter  taste,  and  contain 
OgHioN.Os+HsO.    Caffeine  melts  at  178"  C.  (352"*  F.)  and  sublimes  without  deoampodtion 
at  a  lugher  temperature.     It  is  a  weak  base,  and  forms  salts  with  adds. 
CAIRNGORM.    See  Quartz. 

CALAMINE,  SILICIOUS.    Gee  Silicates,  SUicaU  of  Zine. 
CALC  SPAR.    See  Jcdand  Spar. 

CALCIUM.  The  metallic  basis  of  lime,  first  isolated  by  Davy  in  1808.  It  is  a  light 
yellow  metal  about  as  hard  as  gold,  very  ductile  and  malleable,  and  possessing  a  specific  gravity 
of  1*5778.  It  rapidly  decomposes  water ;  and  when  heated,  bums  with  a  very  bright  flash ; 
atomic  weight,  20 ;  symbol,  Ca.    The  most  important  compounds  are  the  following : — 

Oxide  of  Calcium^  or  Lime  (Ca,0).  In  the  anhydrous  state  this  oxide  is  kno?m  as  quick  lime, 
and  \B  prepared  by  heating  carbonate  of  lime  (limestone  or  chalk)  in  kilns,  the  mineral  being 
mixed  with  coaL  The  carbonic  add  paoses  off  at  a  red  heat,  and  lime  is  left  behind.  Pure 
lime  is  a  grayish  white  porous  mass  of  specific  gravity,  2'3  to  3*0  ;  b  infusible  at  the  highest 
heat  of  a  furnace ;  has  very  great  affinity  for  water.  When  moistened,  lime  becomes  very  hot, 
a  great  deal  of  steam  is  evolved,  and  the  mass  soon  crumbles  to  a  dry  white  powder.  This  is 
caJled  the  staling  oflimt.  lime  containing  many  impurities,  such  as  silicat^  slakes  dowly. 
The  resulting  compound  known  as  hydrate  of  lune,  or  slaked  lime,  (CaHO),  is  a  soft  ivhite 
powder  slightly  soluble  in  water,  and  crystallising  from  its  aqueous  solution  in  prisms ;  the 
whole  of  tibe  water  is  driven  off  at  a  red  heat ;  the  solution  is  alkaline  to  test  paper.  Lime  is  a 
powerful  base,  and  saturates  adds,  forming  well  defined  salts.  Its  uses  in  the  arts  are  very 
numerous. 

Chloride  of  Calcium  (CaCl)  is  formed  by  neutralising  lime  with  hydrochloric  add,  and  evapo- 
rating to  dryness  and  heating  the  residue.  It  forms  a  white  porous  mass,  which  attracts  water 
greedily,  and  is  of  great  use  in  laboratories  for  drying  liquids  and  gases.  It  crystallises  with 
three  equivalents  of  water  in  six-sided  prisms. 

Flwjride  of  Calcium  (CaF).  This  is  met  with  abundantly  in  nature,  as  Plu/irspar,  frequently 
crystallised  in  large  cubes.  It  is  transparent,  and  occurs  white,  purple,  pink,  &c.,  and  when  in 
large  masses,  is  of  great  value  for  ornamental  purposes.  It  also  occurs  in  minute  quantities  in 
the  teeth  and  bones  of  animals.     It  is  much  used  as  a  fiux  in  metallurgical  operations. 

Phosphide  of  Calcium.  A  dull  brown  mass,  prepared  by  passing  vapour  of  phosphorus  over 
red  hot  lime.  The  formula  of  the  compound  is  not  well  ascertain^.  When  thrown  into  water 
it  decomposes  with  evolution  of  phosphuretted  hydrogen,  the  bubbles  of  which  take  fire  spon- 
taneously on  coming  into  contact  with  air  or  oxygen  gas. 

CALENDAR.  {Calendarium,  from  the  obsolete  verb  caloy  to  caU.)  A  distribution  of  time 
according  to  years,  seasons,  months,  weeks,  &c.,  according  to  the  usages  or  wants  of  dvil  life. 

The  year  or  period  of  the  sun's  apparent  revolution  around  the  sidereal  heavens  is  the  basis 
of  all  modem  calendars.  The  day^  or  period  of  the  sun's  apparent  revolution  with  the  ddereal 
heavens  around  the  earth  is  the  principal  subdivision.  The  year  is  measured  with  reference  to 
the  return  of  the  seasons,  the  day  with  reference  to  the  average  interval  separating  successive 
returns  of  the  sun  to  the  meridiiui.  But,  in  forming  a  calend^,  account  has  to  be  taken  of  the 
fact  that  the  year  does  not  contain  an  exact  number  of  days,  but  365d.  5h.  48m.  49*6s. 
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This  would  not  be  the  place  to  enter  into  a  full  account  of  the  varions  processes  by  which 
men  have  gradually  made  the  calendar  correspond  more  and  more  closely  with  the  actiutl  rela- 
tions presented  by  the  astronomical  year.  It  will  be  sufficient  to  refer  the  reader  to  the  full 
treatment  of  the  subject  by  Professor  de  Morgan  in  the  Companion  to  the  Almanac,  1845,  and 
to  Sir  J.  HerscheTs  account  in  his  Outlines  of  Astronomy.  What  more  immediately  oonoems 
us  here,  is  the  relation  between  the  calendar  at  present  in  use,  called  the  Ortgcrian^  and  that 
devised  by  Julius  Caesar. 

In  the  Julian  year,  as  in  the  more  ancient  calendars,  the  month  was  used  as  a  convenient 
subdivision,  twelve  months  being  included  in  the  year,  because  the  year  more  nearly  contains 
twelve  than  any  other  number  of  exact  lunations.  The  several  months  contained  as  many  days 
as  according  to  our  modem  use.  Thus  the  ordinary  year  contained  365  days.  Every  fourth 
year  contained  366  days  (see  Bis8exUle\  and  no  further  arrangement  was  made  to  bring  the 
civil  year  into  accordance  with  the  actual  length  of  the  astronomical  year.  Thus  four  years 
oontuned  146 1  days,  instead  of  i46od.  23h.  15m.  0*1 8s  ;  so  that,  supposing  the  Julian  year  to 
be  exactly  accordant  with  the  progress  of  the  seasons  at  some  fixed  epoch,  the  several  dates 
would  gradually  fall  more  and  more  in  advance  of  the  seasons,  the  amount  of  error  being  about 
44f  minutes  in  four  years,  ih.  294nL  in  eight  years,  and  so  on  ;  or  with  sufficient  approximation 
we  may  take  error  to  be  three  quarters  of  an  hour  in  four  years,  and,  therefore,  one  day  in  about 
128  years  (more  exactly  128*88  years.) 

It  followed  that,  as  century  aiter  century  passed,  the  equinoxes  and  solstioes  fell  gradually 
away  from  their  true  dates,  occurring  rather  more  than  ihree  days  too  late  in  the  calendar  year 
at  the  end  of  the  fourth  century,  more  than  six  days  too  late  at  the  end  of  the  eighth  century, 
and  so  on. 

It  was  to  correct  this  state  of  things  that  the  calendar  now  in  use  was  devised  by  Pope 
Gregory  XIII.  It  differed  only  from  the  Julian  in  making  all  the  years  divisible  by  loo,  but 
not  by  400,  common  years.  It  thus  provided  for  the  omission  of  3  days  in  each  400  years,  as 
comparod  with  the  Julian  calendar.  Kow  we  have  seen  that  in  128*9  Julian  years  there  was  i 
day  too  many,  or  3  days  too  many  in  3867  years  ;  so  that  the  Gregorian  calendar  only  leaves 
uncorrected  in  4CX)  years  the  amount  of  error  which  had  before  accrued  in  13*3  years.  By  a 
further  arrangement,  dropping  the  extra  day  belonging  to  the  years  4000,  8000,  &c. — that  is, 
by  making  these  years  common  years,  the  Gregorian  calendar  would  further  provide  for  an 
enor  equivalent  to  that  arising  in  133  Julian  years,  a  correction  of  i  day,  which  would  cause 
an  over<x)rTection  in  40cx>  years,  corresponding  to  the  error  which  actoaUy  accrues  in  4  Julian 
years — ^that  is,  corresponding  to  about  three  quarters  of  an  hour.  This  improvement  we  may 
safely  leave  to  a  remote  posterity,  an  arrangement  which  causes  an  error  of  less  than  a  day 
in  4000  years  being  sufficiently  exact  for  all  the  purposes  which  a  calendar  is  intended  to 
subserve. 

When  the  Gregorian  calendar  was  first  introduced  into  Catholic  countries  in  1582,  10  days 
had  to  be  dropped.  All  the  Protestant  coimtries  except  England  adhered  to  the  old  style  till 
the  year  1700,  when  the  correction  was  still  effected  by  a  change  of  10  days  only,  the  year  1600 
being,  according  to  the  Gr^forian  calendar,  bissextile.  But  England  maintained  the  old  sWle 
till  1752,  and  then  the  correction  involved  the  omission  of  1 1  days,  the  day  following  September 
2d  being  called  the  14th,  instead  of  the  3d  of  that  month.  Kussia,  and  all  countnes  in  com- 
munion with  the  Greek  Church,  still  maintain  the  old  style ;  and  should  they  adopt  ^e  new 
style  before  1900,  will  have  to  omit  twelve  days ;  after  1900,  and  before  2100,  the  oozrection 
\vil1  be  1 1  davs 

CALIPPIC' PERIOD.    8eeCh/de. 

CALMS,  REGION  OF.  A  belt  about  4"*  or  5"*  in  breadth,  extending  across  the  Atlantic 
and  the  Pacific,  somewhat  variable  in  position,  lying  in  about  25°  N.  lat.  in  July,  and  travelling 
thence  to  about  25**  S.  lat.  in  January.  It  is  genendly  parallel  to  the  equator.  The  barometric 
pressure  over  this  region  is  low. 

CALOMEL.    See  Mercury;  CKUmda, 

CALORESCENCE.  (CaUyr,  heat)  A  torm  introduced  by  Professor  Tyndall  to  designate 
the  transmutation  of  invisible  heat  rays  into  rays  of  higher  re&angibility,  that  is,  into  visible 
rays.  Sir  William  Herschel  discovered  the  fact  that,  beyond  the  red  end  of  the  spectrum, 
there  are  invisible  heat  rays  6f  great  intensity.  Suppose  a  sunbeam  is  caused  to  pass  through 
a  prism,  it  is  split  up  into  rays  of  different  refrangibiUty,  occurring  in  the  order  of  violet,  indigo, 
blue,  green,  yellow,  orange,  red.  This  experiment  constitutes  Ihe  so-called  decomposition  of 
white  light,  and  was  first  made  by  Newton.  Sir  W.  Uerschely  in  passing  a  delicate  thermo- 
meter through  the  various  portions  of  the  spectrum,  found  that  the  temperature  gradually  rose 
as  it  passed  from  the  violet  to  the  red  end,  and  the  red  was  found  to  be  the  hottest  portion. 
He  then  moved  his  thermometer  into  darkness  beyond  the  red,  and  found  an  indication  of  a 
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oolisiderable  amount  of  heat, — ^in  fact,  a  greater  amoont  than  had  been  found  in  any  part  of  the 
visible  spectrum.  It  was  tiius  clearly  demonstrated  that  Invisible  heat  rays  accompany  the 
visible  light  ravs  emitted  from  the  sun.  The  relationship  of  the  heat  spectrum  to  the  light 
spectrum  has  been  detennined  by  Sir  W.  Herschel  and  Professor  Miiller  in  the  case  of  the 
solar  spectrum,  and  by  Professor  Tyndall  in  the  case  of  the  spectrum  of  the  electric  light.  (See 
Seat  Spectrum.)  The  last  mentioned  physicist,  in  attemptmg  to  sift  the  luminous  from  the  calo 
lific  rays  of  the  total  radiation  from  the  voltaic  arc,  tried  various  substances  with  a  view  of 
fifiHrog  something  which  should  cut  off  the  whole  of  the  light,  aud  allow  the  heat  to  pass.  He 
ultimately  decid^  on  using  a  solution  of  iodine  in  bi-sulphide  of  carbon.  The  bi-sulphide  alone 
was  fotmd  to  absorb  only  5 '2  per  cent  of  the  heat  rays  passing  through  it ;  and  when  iodine 
was  added  iintil  the  solution  was  perfectly  opaque,  the  absorption  of  heat  was  scarcely  increased, 
while  the  absorption  of  light  was  complete.  When  a  beam  of  light  from  the  sun,  or  from  the 
electric  lamp,  was  passed  through  a  layer  of  this  opaque  solution,  and  concentrated  by  a  lens, 
the  dark  heat  rays  were  brought  to  a  focus,  at  which  intense  calorific  effects  were  manifested  ; 
black  paper  was  instantly  set  on  fire,  gunpowder  and  gun-cotton  were  exploded,  and  thin  plates 
of  tin  and  zinc  fused.  At  the  dark  invisible  focus,  carbon  was  brought  to  incandescence,  and 
caused  to  bum  vividly ;  blackened  silver-leaf  was  brought  to  a  red  heat,  copper  was  melted, 
and  platinized  platinum  rendered  mcandescent.  It  was  necessary  in  these  experiments  to 
blacken  bright  surfaces  expose!  to  the  focus  of  dark  heat,  otherwise  the  reflection  of  heat  would 
have  been  so  considerable  that  the  substance  would  not  have  absorbed  a  sufficient  amount  to 
raise  it  to  a  red  heat.  Here,  by  ultra-red  invisible  heat  rays,  Tyndall  raised  metals  to  in- 
candescence^that  is,  they  emitted  light  of  their  own — and  we  perceive  at  once  that  this  is 
virtually  a  transformation  of  invisible  rays  into  visible  rays.  The  ultra-red  rays  possess  low 
refrangibility  ;  the  vibrations  which  produce  them  are  long,  and  move  too  slowly  to  produce  in 
US  the  sensation  of  vision ;  they  fall  as  dark  invisible  heat  on  the  platinum,  or  other  metal 
raised  to  incandescence,  and  they  leave  it  as  light ;  the  slow  vibrations  have  become  quicker, 
the  long  waves  have  become  shorter,  the  refrangibUity  has  been  raised.  This  change  of  heat 
ravs  into  light  rays  is  calorescence^ 

The  transmutation  is  complete.  The  invisible  heat  rays  are  not  converted  into  light  of  one 
kind,  for  when  a  piece  of  white  hot  platinum  is  examined  by  means  of  a  prism,  a  complete 
spectrum  is  obtained — in  a  word,  the  heat  rays  of  low  refrangibility  are  convertend  into  light 
rays  of  all  refrangibilities.  '  A  detailed  account  of  the  experiments  in  connection  with  this  sub- 
ject will  be  found  in  TyndaU's  Heat  CoMidcred  at  a  Mode  of  Motion^  and  in  hxv  various 
memoirs  in  the  PhtloBophical  Trantactiofu.    (See  also  Obscure  Heat ;  Heat  Spectrum.) 

CALORIC.  Heat,  regarded  as  a  species  of  matter,  was  for  a  length  of  time  called  caloric. 
Fourcroy,  in  speaking  of  the  cause  of  it,  si^ys,  "  Some  have  considered  it  merely  as  the  conse- 
quence of  motion  excited  among  the  particles  of  bodies,  while  others  have  attributed  it  to  a  self- 
existent  body  ;  and  chemists,  who  study  its  progress,  determine  to  a  certain  pomt  its  quantity, 
or  at  least  its  proportion  in  different  systems  of  bodies  compared  together,  and  even  estimate  its 
vuioufl  attractions,  have  a  thousand  means  of  accumulating  the  proofs  of  the  second  opinion. 
It  is  to  them  that  the  term  Caloric  owes  its  origin,  which  they  have  adopted  to  distinguish  the 
body  that  produces  the  sensation,  from  the  sensation  itself,  or  the  heat  excited."  This  passage 
occurs  in  the  most  extensive  work  on  chemistry  which  existed  at  the  commencement  of  tliis 
century,  and  it  serves  to  show  how  completely  at  that  date  the  science  of  heat  was  associated 
with  chemistry ;  that,  in  fact,  heat  had  no  separate  existence  as  a  distinct  science,  and  that 
hence,  as  we  have  endeavoured  to  show  elsewhere,  it  is  among  the  youngest  of  the  sciences. 
(See  also  HKoJt.) 

CALORIE.  {Calory  heat.)  A  term  used  by  the  French  to  designate  the  unit  of  heat  which 
they  adopt.  It  is  the  amount  of  heat  necessary  to  raise  I  kilogramme  (2*2046215  lbs.  avoirs 
dupois)  of  water  one  degree  centigrade  in  tem]>erature  ;  strictly  from  o"  to  i "  C  A  calorie, 
when  converted  into  mechanical  force,  is  competent  to  raise  a  weight  of  i  kilogramme  to  a 
height  of  425  metres  (one  metre  is  equal  to  3*2808992  feet),  and  conversely  the  full  of  I  kilo- 
gramme through  a  space  of  425  metres  represents,  as  heat,  one  calorie.  (See  Mcclianioal  EquivO' 
lent  of  Heat;  Unit  of  Heat.) 

CALORIFIC  CAPACITY.    See  Specific  Heat. 

CALORIMETER.     See  Calariinelry, 

CALORIMETRY.  (Color,  heat ;  iwrp^w,  to  measure.)  In  discussing  the  thermometer  and 
its  use,  we  have  mentioned  that  it  indicates  relative  not  absolute  amounts  of  heat ;  it  shows  the 
condition  of  a  body  in  regard  to  sensible  heat,  that  is,  the  temperature  of  the  body,  but  the  real 
amount  of  heat  absorbed  or  emitted  by  a  substance  camiot  be  determined  by  thermometrical 
means.  Calorimetry  is  that  branch  of  the  science  of  he:it  which  treats  of  the  absolute  measur- 
ment  of  heat^  and  the  instruments  employed  for  such  determinations  are  called  Calorimctera. 
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The  existence  of  two  such  terms  as  Thermometry  and  Calorimetry,  in  the  same  science,  is 
undoubtedly  unfortunate,  because  as  far  as  their  derivation  is  concerned,  they  might  both  apply 
to  the  same  classes  of  phenomena.  The  thermometer  was  invented  and  named  before  calorimetry 
had  been  even  thought  of,  and  when  the  latter  came  to  be  practised,  it  was  thought  that  no 
term  which  did  not  express  the  measurement  of  heat,  could  witii  any  justice  be  applied  to  deter- 
minations of  absolute  quantities  of  heat,  and  the  only  convenient  term  remaining  was  calorimetiy. 
It  would  be  preferable  to  call  the  thermometer  a  thermo8C(^p€,  and  the  calorimeter  a  thermometer, 
but  it  iB  unlikely  that  the  latter  term,  from  its  comparative  antiquity,  will  ever  cease  to  be  used 
in  its  present  form. 

For  the  exact  measurement  of  heat  some  unit  ia  requisite,  and  by  Preference  to  the  article 
entitled  Unit  of  Heat,  it  will  be  seen  that  three  f  bnns  of  thermal  unit  are  employed :  to  wit,  the 
amount  of  heat  necessaiy  to  raise  I  lb.  of  water  from  32°  to  33°  F. ;  or  the  amount  neoessaiy  to 
raise  I  lb.  of  water  from  o**  to  i"  0. ;  or  again,  the  French  unit  or  Calorie,  viz.,  the  amount  of 
heat  necessary  to  raise  i  kilogramme  of  water  from  o**  to  i°  C.  The  absolute  quantity  of  heat 
absorbed  or  given  out  by  substances  in  passing  through  a  given  range  of  temperature  compared 
with  that  absorbed  or  given  out  by  water  under  similar  conditions  is  called  its  specific  heat 
(which  see) ;  we  have  here  to  examine  the  various  methods  by  which  specific  heat  is  determined, 
in  other  words,  the  various  proc^Mes  of  calorimetry. 

Three  principal  methods  are  employed  for  the  determination  of  specific  heat.  In  the  first  the 
heat  is  measured  by  the  amount  of  ice  which  it  melts  ;  in  the  second,  known  as  the  method  of 
mixhtres,  bodies  of  different  temperatures  are  mixed  with  water,  and  the  heat  calculated  from 
that  of  the  mixture ;  and  in  the  third,  or  metlvod  of  cooling,  the  heat  is  detenmned  by  noticing 
the  time  which  a  body  requires  to  cooL 

1.  DetirmiruUion  of  Specific  Beat  by  Fusion  of  Ice, — ^The  first  and  rudest  form  of  calorimeter 
was  a  block  of  ioe  containing  a  cavity  covered  by  a  lid  of  ice  ;  a  known  weight  of  the  substance 
to  be  examined,  at  a  known  temperature,  was  placed  in  the  cavity,  and  when  it  had  cooled  down 
to  the  temperature  of  the  surrounding  ice,  it  was  removed,  and  the  cavity  was  wiped  dry  by  a 
weighed  doth,  which,  on  being  again  weighed,  obviously  gave  the  weight  of  water  resulting 
from  the  fusion  of  the  ice  by  the  substance  introduced.  This  calorimeter  was  employed  by 
Black  and  Wilke  ;  it  was  greatly  improved  by  Lavoider  and  Laplace,  and  used  by  them  for  the 
determination  of  ihe  specific  heat  of  a  number  of  substances.  The  instrument  in  its  improved 
form  is  known  as  the  Ice  Calonmeter,  and  consists  of  three  concentric  vessels,  in  the  innermost  of 
which  the  substance  whose  specific  heat  is  to  be  determined  is  placed,  the  surrounding  vessel  is 
filled  with  ice,  and  is  provided  with  a  tap  for  drawing  off  the  water,  while  the  outermost  vessel 
also  contains  ice,  and  is  for  the  purpose  of  preventing  the  melting  of  ice  in  the  intermediate 
vessel,  by  other  means  than  the  heat  of  the  warm  substance  in  the  central  vesseL  The  chief 
objection  to  this  instrument  is,  that  the  actual  quantity  of  water  resulting  from  the  fusion  of  the 
ice,  cannot  be  actually  determined,  because  some  remains  in  contact  with  the  unmelted  ice. 

2.  Method  of  Mixtures. — ^According  to  this  method,  a  known  weight  of  the  substance  whose 
specific  heat  is  to  be  determined,  is  heated  to  a  known  temperature,  and  is  then  immersed  in  a 
Imown  weight  of  cold  water,  the  predse  temperature  of  which  is  noted.  The  temperature 
which  results  from  the  immersion  of  the  warm  body,  when  both  it  and  the  water  possess  the 
same  temperature,  is  then  observed,  and  the  specific  heat  of  the  immersed  substance  calculated 
therefrom. 

3.  Method  of  Coding, — ^When  equal  volumes  of  different  substances  at  the  same  temperature 
are  allowed  to  cool  under  precisely  similar  conditions,  the  rate  of  cooling  is  found  to  vaiy  con- 
siderably. It  has  been  found  tibat  equal  weights  of  different  bodies  cool  through  the  same 
number  of  degrees  of  temperature  in  times  which  are  directly  as  their  specific  heats,  hence  the 
application  of  this  method  to  such  determinations.  It  has  oeen  chiefly  employed  by  Dulong 
and  Petit,  and  by  Begnault.    (See  also  Specific  Heat.) 

GALOTYPE  PBOCESS.  (icaXos,  beautiful,  and  twos,  a  representation.)  The  name  given 
by  Mr.  Fox  Talbot  to  the  photograpMc  process  first  discovered  by  him.  It  consisted  essentially 
in  soaking  good  writing-paper,  first  in  iodide  of  potassium  solution,  then,  after  drying,  in  a 
mixture  of  nitrate  of  silver  solution,  acetic  add,  and  gallic  add,  in  a  dark  room,  and  exposing  it 
to  the  luminous  image  in  the  camera  for  a  space  of  time  varying  from  a  fraction  of  a  minute  to 
half-an-hour  or  more.  After  exposure  the  paper  is  again  soaked  in  a  solution  of  nitrate  of 
silver  and  gaUic  add,  when  the  latent  image  gradually  makes  its  appearance,  and  is  fixed  by 
bromide  of  potassium  or  hyposulphite  of  soda  solution.  This  image  is  called  a  negative,  and  has 
the  light  and  shadow  reversed.  To  procure  from  it  a  positive,  having  the  light  and  shade  as  in 
nature,  it  is  placed  over  a  sheet  of  sensitive  chloride  of  silver  paper  and  exposed  in  a  pressure 
frame  to  sunshine.  The  paper  is  then  washed  and  the  image  fixed  with  hyposulphite  of  soda. 
The  process,  of  which  the  above  is  an  outline,  is  historically  interesting  as  being  the  first  prao- 
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tioable  photographie  process  discovered.  It  is,  however,  now  superseded  by  the  collodion 
process,  although  for  brilliiuicy  of  effect  and  artistio  appearance  some  of  the  early  calotype 
pictures,  especially  when  of  large  size,  have  never  been  surpassed.  This  is  also  called  the 
Talbotype  process.    (See  PJiotography.) 

CAMELEOPABDALIS.  (In  astronomy,  The  Giraffe,)  One  of  the  constellations  added  by 
fievelius  to  the  northern  star  groups.  It  belongs  to  a  r^on  of  tiie  heavens  in  which  stars  are 
but  sparsely  distributed.  It  would  be  well  if  the  inconvenient  name  of  this  consteUation  were 
exchanged  in  favour  of  Camdws  (the  camel). 

CAMERA  LUCIDA  (Light  Chamber).  An  instrument  contrived  by  Dr.  Wollaston  for 
taking  drawings  of  landscapes.  It  consists  of  a  pecuharly  shaped  prism  of  glass  which  is  fixed 
close  to  the  eye,  a  sheet  of  paper  being  placed  at  a  distance  convenient  for  drawing  upon.  By 
double  reflection  in  the  prism  the  image  of  the  landscape  is  made  to  appear  projected  on  the 
paper  and  its  outline  may  then  be  traced  with  a  pencil.  The  camera  ludda  is  frequently 
replaced  for  microscopic  purposes  by  Soemmering  s  steel  mirror  or  a  neutral  glass  reflector. 

CAMERA  OBSCUEA  (Dark  Chamber).  A  convex  lens  has  the  property  of  projecting  a 
reduced  image  of  an  object  which  is  in  front  of  it ;  and  if  precautions  are  taken  to  cut  off  all 
extraneous  lights  to  have  the  lens  of  the  most  fittmg  curvatures  and  focal  length,  and  to  receive 
the  image  on  an  appropriate  surface,  the  appearance  will  be  very  beautiful.  The  old  form  of 
Camera  ObsKnira  consisted  of  a  simple  convex  lens  fastened  into  a  bole  at  one  end  of  a  box, 
whilst  a  diagonad  mirror  at  the  other  end  reflected  the  rays  upwards  upon  a  sheet  of  ground 
glass,  at  the  top  ot  the  box.  on  which  the  image  was  viewed  by  an  observer  standing  above ;  a 
screen  cut  off  side  light  from  the  ground  glass.  The  camera  obscura  is  now  almost  entirely 
confined  to  photographic  purposes,  and  the  shapes  and  forms  are  varied  according  to  the 
requirements  of  almoet  each  operator.  The  lenses  are  correc:ted  so  as  to  bring  the  visual  and 
chemical  lays  to  the  same  focus,  and  are  either  single  or  compound,  according  as  portraits  or 
landscapes  are  principally  required  to  be  taken.  For  portraits,  a  combination  of  lenses  ia 
employed  by  which  a  large  aperture  and  short  focus  is  secured,  giving  a  highly  luminous  image 
but  not  covering  a  lai^  field,  whilst  for  landscape  purposes  a  single  achromatic  lens  is  preferred, 
and  the  aperture  is  somewhat  reduced  so  as  to  obtain  a  large  flat  field  with  near  and  distant 
objects  in  practically  the  same  focus.  Hackwork  adjustments  are  used  for  the  lens,  and  gray 
glass  focussing  screens,  and  in  the  best  instruments  this  screen,  together  with  the  dark  slide 
carrying  the  sensitive  plate  are  adjusted  so  as  to  be  inclined  at  any  requisite  angle.  (See 
Calotype;  Photography) 

CAMPHOR.  A  white,  waxy,  and  semi-transparent  substance,  crystalUsing  in  octahednk 
It  melts  at  175**  C.  (347°  F.),  and  boils  at  204°  C.  (399°  F.),  although  it  sublimes  to  some 
extent  at  the  ordinary  temperature.  Formula  CioH^gO.  It  has  a  strong  aromatic  odour,  is 
very  slightly  soluble  in  water,  but  very  soluble  in  alcohol,  ether  and  oil,  and  it  bums  easily  in 
the  air,  evolving  much  smoke. 

CAMPHOR,  MOTIONS  OF,  ON  WATER.  When  some  fragments  of  camphor  are 
thrown  on  the  surface  of  clean  water,  contained  in  a  chemically  clean  glass,  they  become 
endowed  with  hvely  motions  of  rotation  and  progression.  If,  while  thus  in  motion,  the  water 
be  touched  with  the  finger,  or  with  a  speck  of  oil  or  greasy  matter,  the  motions  are  immediately 
arrested  These  phenomena  have  excited  a  large  amount  of  attention  on  the  part  of  scientific 
men  during  nearly  two  centuries,  and  the  various  theories  on  the  subject  are  described  by  Mr. 
Tomlinson,  in  a  volume  published  in  1863,  in  Weale's  Series,  under  the  title  of  Experimental 
Essays.  (See  also  Philosophical  Mngazint  for  December  1869.)  These  phenomena  have  only 
recently  received  a  satisfactory  explanation,  an  account  of  which  is  given  under  Sutfaae 
Termon, 

CANCER.  (In  astronomy,  the  Crah.)  A  sign  of  the  Zodiac.  The  sun  enters  this  sign  on 
or  about  the  21st  Jime,  and  leaves  it  on  or  about  the  22d  of  July.  The  first  point  of  the  sign 
marks  the  summer  solstice,  and  the  declination-parallel  through  this  point  is  called  the  Tropic  of 
Cancer.  The  constellation  Cancer  now  occupies  the  place  corresponding  to  the  sign  Leo. 
Within  this  constellation  is  the  interesting  star-group,  called  the  Pnesepe,  or  the  Bee-hive,  on 
either  side  of  which  lie  the  two  stars  called  Aselli,  the  visibility  or  invisibihty  of  which  was 
regarded  by  the  ancients  as  a  weather-portent. 

CANES  VENATICI.  (In  astronomy,  the  Hunting  Dogtt.)  One  of  the  northern  constella- 
tions invented  by  Hevelius.  Within  the  limits  of  this  constellation  are  several  very  remarkable 
nebulse. 

CANICULAR  DAYS  ;  or.  Dog  Days,  A  name  given  to  the  forty  days  of  the  year  be- 
tween July  3  and  August  ii.  The  name  is  derived  from  the  Latin  name  of  the  dog-star 
Sirius.     This  star  rose  heliacally  about  the  beginning   of   July,   (see  Hdiacal) ;  and  the 
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ancients  ascribed  tbe  great  heat  of  summer  to  the  influence  of  this  star.  At  present  Siriua 
rises  heliacalN  at  a  different  season. 

CANICU£aB  YEAB.  The  Egyptian  year  has  been  so  called  because  it  was  determined 
by  the  heliacal  rising  of  the  dog-star. 

CANIS  MAJOR  (In  astronomy,  the  GreaUr  Dog.)  One  of  Ptolemy's  southern  oonsteUa- 
tions.     This  constellation  includes  the  star  Sinus,  the  brightest  of  aU  the  fixed  stars. 

CANIS  MINOR.  (In  astronomy,  the  Ltuer  Dog.)  One  of  Ptolemy's  southern  constella- 
tions.   The  bright  star  Procyon  belongs  to  this  constellation. 

CANOPUS.  (Egyptian.)  The  star  a  in  the  constellation  Aigo.  It  is  the  brightest  star  in 
the  heavens,  with  the  exception  of  Sirius  only. 

CANTHARIDIN.  The  active  principle  of  cantharides  (Spanish  Fly,  Lytta  vesieaioria),  also 
contained  in  Chinese  cantharides  (Mylabris  dchorii).  In  the  pure  state  it  forms  colourless  right 
angled  four  sided  prisms,  which  melt  at  200**  C.  (392**  F.),  and  volatilise  below  that  tempera- 
ture, evolving  white  vapours,  which  are  intensely  irritating  to  the  eyes  and  throat.  It  is 
insoluble  in  water,  but  dissolves  readily  in  alcohol  and  chloroform.  Formula  C5H2a02.  It 
has  the  vesicating  power  of  the  Spanish  fly  in  a  veiy  high  degree. 

CAOUTCHOUC ;  or,  India  Ruhbtr.  A  highly  elastic  substance,  obtained  from  the  milky 
sap  of  the  Siphorda  Elastica  and  other  arboraceous  plants.  It  is  colourless  and  almost 
transparent  in  the  pure  state,  but  as  ordinarily  met  with  it  varies  from  yellowish  brown  to 
black«  At  the  common  temperature  it  is  soft  and  flexible,  but  at  the  freezing  point  of  water  it 
becomes  hard  and  unyielding ;  between  120"*  0.  and  200**  C.  (248**  F.  to  398''  F.),  it  melts  to  a 
viscid  mass  which  does  not  diy.  Caoutchouc  is  a  non-conductor  of  electricity ;  it  is  insoluble  in 
water,  but  soluble  in  ether,  benzol,  and  bisulphide  of  carbon.  When  heated  with  sulphur  to  about 
112^  C.  (234**  F.),  it  is  converted  into  what  is  called  Vulcanised  India  Rubber ^  which  has  the 
valuable  property  of  remaining  flexible  at  temperature  between  o**  C.  and  50**  C.  (32**  F.  and 
122**  F.).  When  caoutchouc  is  heated  with  half  its  weight  of  sulphur,  to  between  100°  and 
150°  C.  (212°  and  302**  F.),  it  becomes  converted  into  a  hard  blade  mass,  of  the  consistency 
of  ivozy,  known  as  ebonite.  The  composition  of  caoutchouc  is  not  definitely  known ;  it  is, 
however,  a  hydrocarbon. 

CAPACITY  FOR  HEAT.    See  Specific  Heat, 

CAPACITY,  SPECIFIC  INDUCTIVE.  A  tenn  appUed  by  Faraday  to  indicate  a  dif- 
ference in  the  powers  or  capacities  which  various  dielectrics  possess  for  transmitting  statical 
inductive  influence  across  them.  When  a  charged  body  is  brought  near  to  an  uncharged  body, 
induction  takes  place :  that  is  to  say,  the  uncharged  body  becomes  temporarily  excited.  If  it  be 
a  conductor,  and  insulated,  electricity  of  the  kind  opposite  to  that  with  which  the  first  body  is 
charged,  appears  on  the  side  near  to  it,  and  electricity  of  the  same  kind  on  the  remote  side. 
(See  Induction^  Electrottatic). 

According  to  FaradaVs  discovery,  the  amount  of  this  excitement  depends  upon  the  material 
between  the  plates,  or  the  didectric,  as  it  is  called.  Numbers  expressing  this  difference  with 
reference  to  some  common  standard  are  called  the  specific  inductive  capacities  of  the  substances. 
In  order  to  examine  the  specific  inductive  capacity  of  various  dielectrics,  Faraday  used  what 
was  practically  a  Levden  jar,  the  insulating  portion  of  which  was  capable  of  being  changed. 
He  constructed  a  hollow  metflJHc  sphere,  having  a  hole  or  short  neck  at  the  top.  Through  the 
hole  passed  a  thin  metallic  rod,  carrying  a  met^  ball,  which  projected  into  the  inner  space,  and 
was  insulated  from  the  neck  of  the  metal  sphere  by  a  plug  of  shell-lac.  The  outer  end  of  the 
metal  rod  was  furnished  with  a  small  knob.  He  was  able  to  fill  the  interior  cavity  of  the 
apparatus  with  the  material  which  he  wished  to  examina  Having  prepared  two  such  jars, 
siioilar  in  every  respect,  and  containing  in  the  interspace  the  substances  he  wished  to  examine, 
he  charged  one,  measured  the  charge,  and  then  connected  the  outer  knobs  of  the  two  together. 
If,  then,  the  inductive  capacity  was  the  same  for  both  materials,  the  charge  divided  itself 
equally  between  them ;  but  if  not,  that  apparatus  whose  dielectric  possessed  the  greater  specific 
inductive  capacity  obtained  the  greater  portion  of  the  electricity,  and  just  in  that  proportion. 
Thus,  one  being  filled  with  air  and  the  other  with  shell-lac,  on  connecting  the  two  knobs  together 
and  tiien  examining  the  distribution  of  the  charge,  the  latter  was  found  to  have  twice  as  much 
electricity  as  the  former.  The  specific  inductive  capacity  of  shelMac  is  therefore  2,  if  that  of  air 
be  called  unity.  The  following  niunbers  represent  the  specific  inductive  capacities  of  various 
substances,  air  being  taken  as  unity : — 

Air,     . 

Spermaceti,     • 
Resin, 
Pitch, 


I'OO 

Wax, 

• 

1-86 

1-45 

Gkss, 

• 

I '90 

176 

SheU-lac, 

• 

200 

180 

Sulphur, 

• 

2-24 
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The  specific  inductdve  capacity  of  all  gases  is  the  same. 

Aoconling  to  Faraday's  theory  induction  takes  place  by  means  of  the  polarisation  of  the 
particles  of  the  dielectoic  between  the  two  conductors.  Those  dielectrics,  whose  particles  are 
most  completely  polarised,  possess  the  highest  specific  inductive  capacity. 

l!aniday*s  Experimental  Researches,  series  xi  xii.  xiii.  xiv.  (published  in  1837  and  1838  in  the 
Transactions  of  the  Royal  Society,  and  republished  in  a  separate  form)  may  be  consulted  on  this 
subject.  Also  an  instructive  pii^>er  by  Sir  W.  Thomson  (in  the  Cambridge  and  Dublin  Math. 
Journal,  1845,  also  republished)  on  the  mathematical  theory. 

CAPELLA.  (The  yoimg  goat  or  kid.)  The  star  a  in  the  ooDstellatlon  Auriga.  It  is  one 
of  the  brightest  sUirs  in  the  northern  heavens. 

CAPILLARITY.  {CapiUus,  a  hair.)  When  a  very  wide  glass  tube,  open  at  both  ends,  is 
plunged  into  water,  the  water  is  raised  up  the  sides  of  the  glass  according  to  the  law  given  in 
"  AcUiesion  between  Liquids  and  Solids."  This  takes  place  both  on  the  inside  and  outside  of 
the  tube.  If  the  tube  be  very  narrow  the  entire  level  of  the  water  inside  is  found  to  be  higher 
than  that  outside.  This  difference  is  greater  the  narrower  the  tube.  If  we  plunge  sudi  a 
narrow  tube  into  mercury  instead  of  water,  a  similar  difference  of  level  is  observed.  But  in  this 
case  the  mercury  in  the  tube  is  depressed  below  the  general  leveL  In  short,  when  2  A  is 
greater  than  C  (see  Adhesion  between  Liquids  and  Solids),  that  is,  whenever  the  liquid  wets  the 
soUd.  there  is  a  rise  of  the  liquid  in  the  tube  ;  whenever  the  reverse  is  the  case  there  is  a  de- 
pression. On  taking  tabes  of  uniform  and  various  diameters  it  la  found  experimentally  that  the 
height  to  which  the  liquid  rises  is  inversely  proportional  to  the  diameter  of  the  tube  or  to  the 
square  root  of  its  sectional  area.  The  same  law  holds  good  when  the  liquid  does  not  wet  the 
tube,  and  when  accordingly  there  is  a  depresfdon  of  the  liquid  in  the  tube.  The  force  which 
produces  these  phenomena  is  called  the  capillary  force  or  capillarity,  and  the  tubes  in  which  it 
IS  exhibited  are  capillary  tubes. 

It  appears  also  from  experiments  that  the  height  to  which  a  liquid  rises  in  a  capillary  tube 
which  it  wets,  is,  under  the  same  conditions  of  temperature,  directly  proportional  to  the  specific 
gravity  of  the  liquid,  so  that  the  heavier  liquid  rises  the  higher.  Phenomena  of  capillarity  also 
takes  place  in  innumerable  instances  in  substances  having  irregular  small  cavities,  such  in  fact 
as  are  porous.  In  such  a  solid  the  liquid  which  wets  it  will  rise  higher  according  to  the  small- 
ness  of  the  pores.  Thus  it  will  rise  higher  in  a  mass  of  chalk  than  in  one  of  sandstone.  The 
rise  of  liquids  by  capillarity  is  of  great  importance  in  the  animal  and  vegetable  world.  The 
long  cells  of  which  woody  fibre  is  mainly  formed  are  of  sufficient  minuteness  to  affect  the  dis- 
tribution of  sap  through  great  distances;  and  when  through  evaporation  or  solidification  a 
portion  of  the  liquid  is  removed  its  place  is  quickly  supplied  by  capillary  action. 

In  the  analysis  of  gases  the  effect  of  capillarity  is  of  some  considerable  importance.  Such 
analyses,  or  the  measurements  attending  them,  are  usually  performed  in  glass  tubes  called 
**  Eudiometers,"  the  liquid  used  being  mercury.  These  tubes  are  generally  so  wide  that  the 
depression  of  the  inner  surface  of  mercury  (in  reckoning  the  volume  of  the  gas  above  the 
mercury)  due  to  capillarity  is  negligible.  But,  especially  when  small  quantities  of  gas  are 
under  examination,  the  depression  around  the  edge  of  the  interior  mercurial  column  is  a 
sensible  fraction  of  the  entire  volume  above.  So  that  if  the  tube  be  calibrated  (its  contents 
volumetrically  determined  according  to  a  scale  of  length)  according  to  the  volumes  above 
horizontal  planes,  the  volume  deriv^  firom  the  reading  of  the  central  height  of  the  mercury's 
surface  will  be  too  small.  The  curved  surface  of  the  mercury  is  called  the  '*  meniscus."  The 
error  so  incurred  will,  in  fact,  be  double  the  error  due  to  the  meniscus  if  the  tube  be  calibrated 
in  the  ordinary  way  by  inverting  it  and  forming  a  table  by  reading  the  height  formed  by  the 
centre  of  the  meniscus  when  successive  known  volimies  of  mercury  are  added  ;  for,  during  the 
latter  operation,  a  meniscus  is  formed  in  the  opposite  way  in  regard  to  the  tube.  The  difference 
of  reading  when  the  surface  of  the  mercury  is  flat,  and  when  it  has  a  memscus  may  be  once  for 
all  ascertained  by  wetting  the  surface  of  the  mercury  with  a  drop  or  two  of  corrosive  sublimate, 
whereupon  the  meniscus  disappears.  The  author  of  this  article  prefers  to  calibrate  the 
eudiometer  by  introducing  into  it  successive  equal  volumes  of  air  when  it  is  in  its  normal 
position,  whereby  the  meniscal  error  being  constant,  the  observed  reading  corresponds  with  the 
actual  volume. 

If  a  capillary  tube,  open  at  both  ends,  held  in  a  vertical  position,  be  plunged  into  a  liquid 
which  wets  it,  the  liquid  will  rise  in  the  tube  to  a  certain  height  above  the  level  of  the 
surrounding  liquid.  If  such  a  tube  be  removed,  and  more  liquid  be  added  from  above,  the 
liquid  will  b\ilge  out  at  the  lower,  uid  as  the  column  of  supported  liquid  becomes  longer  until 
it  assumes  a  hemispherical  form,  at  this  stage  the  height  of  the  included  colunm  is  exactly  twice 
that  of  the  colxmm  supported  when  the  lower  end  is  immersed.  Further  addition  of  liquid 
from  aboYd  causes  this  hemisphere  to  burst,  and  then  to  fall  off  in  the  form  of  a  drop. 
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When  two  plates  of  glass  are  joined  at  one  edge  so  as  to  form  a  very  acute  angle  and  plunged 
into  water  with  the  oonunon  edge  vertical,  it  is  clear  that  the  space  near  the  angle  is  narrower 
than  that  further  away.  Such  a  wedge  of  space  may  be  regarded-  as  a  series  of  capillary 
vertical  tubes  of  increasmg  diameter.  The  water  will  accordingly  rise  highest  nearest  the 
comer.  The  curve  which  the  water  fornuf  may  be  shown  both  by  calculation  and  experiment 
to  be  a  right  angled  hyperbola,  the  asvmptotes  of  which  are  the  common  vertical  edge  of  the 
glass,  and  the  l^e  at  right  angles  to  this  bisecting  the  angle  between  the  glass  plates. 

The  height  of  the  capillary  column  for  different  liquids  has  been  the  subject  of  careful  experi- 
ments, especially  by  Frankenheim,  the  result  of  whose  experiments,  from  Miller's  Chemistry, 
voL  i.  p.  71,  4th  edit.,  is  given  below.  The  experiments  were  made  at  32°  F.,  or  o**  C,  in  a  tube 
of  one  millimetre  (about  ^  inch)  in  diameter.  The  height  of  the  capiUaiy  column  is  found  to 
be  inversely  as  the  diameter  of  tiie  tube,  but  is  of  course  diminished  by  heat. 

Cafillast  Elsvation  or  Liquids  in  Glass,  at  32°  F. 

Height  in       Height  of  the 
liquid  used.  Spoclflc  gravity     millimetres  of      column  In 

Ai»HM*u  ««»«•  ^4  ^2©  j»^  tjjg  capUlftiy      thousandth 

column.  of  an  in<^ 

Water,       .  •  •  .  1*002  I5'336  604 

Acetic  add, 
Sulphuric  Add,     . 
Oil  of  Lemons,      • 
Oil  of  Turpentine, 
Alcohol  (dilute),    • 
Alcohol,     . 
Ether, 
Carbonic  Disulghide, 

CAPILLARITY,  CORRECTION  FOR.    See  Baromaer, 

CAPRICORNUS.  (The  Sea-Goat.)  A  sign  of  the  Zodiac.  The  sun  enters  this  sign 
about  the  21st  of  December,  and  leaves  it  about  the  20th  of  January.  Its  first  point  marks 
the  position  of  the  winter  solstice,  and  the  declination  parallel  through  this  point  is  called  the 
tropic  of  Capricorn.  The  constellation  Caprioomus  corresponds  in  position  with  the  Zodiacal 
sign  Aquarius. 

CAPSTAN.  (French,  cabetUm;  Latin,  capistrum;  a  halter.  So  capstan  is  a  machine  round 
which  a  rope  \a  wound  like  a  halter.)  An  application  of  the  wheel  and  axle,  used  chiefly  in 
ships  and  ports.  It  consists  of  an  axle  or  verticaJ  axis,  and  a  number  of  horizontal  levers.  The 
prindpla  on  which  its  usefulness  dep^ids  is  the  same  as  that  of  the  windlass.  If  the  force 
applied  to  each  lever  be  multiplied  by  the  length  of  the  lever,  then  by  the  number  of  levers,  and 
lastly  divided  by  the  radius  of  the  aide,  the  quotient  ia  equal  to  the  wdght,  when  the  object  is 
to  support  it  only,  and  exceeds  the  weight  when  the  object  in  to  raise  or  move  it.  The  levers 
can  usually  be  taken  out  at  pleasure,  thus  greatly  diminishing  the  compass  of  the  machine  when 
not  in  use.    (See  Whed  and  Axle,  Windlass.) 

CARBAZOTIC  ACID.     See  Picric  Add, 

CARBOLIC  ACID.  A  compound  obtained  from  coal  tar  by  a  somewhat  complicated 
process ;  also  prepared  by  the  destructive  distillation  of  salicylic  add.  When  pure  it  crystallises 
in  long  colourless  needles  having  a  specific  gravity  of  1*065.  It  liquifies  at  34''  C.  (93*2**  F.),  and 
boils  at  187**  C.  (369**  F.)  The  crystals  liquify  when  in  contact  witii  water,  and  dissolve  in  about 
twen^-five  times  their  bulk  of  water,  and  in  all  proportions  of  alcoho^  ether,  glycerine,  and 
gladal  acetic  add.  Neither  by  itself  nor  in  aqueous  solution  does  it  redden  litmus  paper. 
When  pure  it  has  a  peculiar  pleasant  odour ;  it  attacks  the  skin,  reddening  and  hardening  it ;  it 
coagulates  albumen,  and  unites  with  animal  substances  ;  it  is  one  of  the  most  powerful 
antiseptics  known,  and  in  a  somewhat  impure  fonn  is  largely  used  for  sanitary  purposes.  The 
liquid  commercial  carbolic  add  is  a  mixture  of  carbolic  add,  cresylic  add,  various  neutral 
hydro-carbons,  Blc  ;  its  offensive  odour  is  mainly  due  to  the  presence  of  minute  quantities  of 
sulphur  compounds.  (See  Runge,  Pog.  Ann.  xxxi  page  69  ;  xxxii.  page  308.  Laurent,  Ann. 
Ch.  Phys.  (3.)  iii.  page  195.  Williamson  and  Scrugham,  Chem.  Soc.  J.  vii.  page  232.  Glad- 
stone, Chem.  News,  ii  p.  98.)  Its  composition  is  C^HgO,.  Dr.  Calvert  (Chem.  Soc.  J.  xviiL 
page  66)  has  described  a  Hydrate  of  carbolic  acta  of  the  composition  2CgHQ0.H20, 
wMch  crystallises  in  large  six  sided  prisms,  and  melts  at  1 6**  C.  (61*^  F.)  Carbolic  add  unites  with 
the  stronger  bases,  but  it  does  not  form  well  defined  compounds,  and  altogether  it  appears  to 
belong  more  to  the  alcohol  than  to  the  add  class  of  bodies. 

CARBON.  A  veiy  abundant  non-metallic  element,  occurring  in  three  fonns,  dystallised 
and  transparent  as  the  diamond  (whidi  see),  crystalline  and  opaque  as  graphite  or  plumbago,  and 
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opaque  and  amorphoiu  as  chareocH,  In  the  pure  state  carbon  is  solid,  infusible,  and  non-volatilet. 
Atomic  weight  12.  Symbol  0.  In  the  form  of  diunond  the  specific  gravity  is  3*55,  and  it  is 
the  hardest  substance  known.  In  the  form  of  graphite,  the  specific  gravity  is  1*2,  and  the 
hardness  is  between  i  and  2  of  Mohr's  scale.  It  conducts  electricity  nearly  as  well  as  metals  ; 
it  has  a  metallic,  steel-gray  colour,  produces  a  black  shining  streak  on  paper,  and  is  largely  used 
in  the  manufacture  of  pencils  and  crucibles.  Carbon  is  a  necessaiy  constituent  of  all  organic 
or  organised  compounds,  and  in  the  form  of  charcoal  is  prepared  by  driving  off  the  volatile  con- 
stituents from  wood  by  heat  The  carbon  prepared  in  a  similar  manner  from  coal  is  called  oofer. 
A  hard  and  compact  form  of  carbon  which  has  the  lustre  and  electric  conductivity  of  a  metal, 
collects  in  the  upper  part  of  gas  retorts.  This  is  used  as  the  negative  element  in  Bunsen's  vol- 
taic battery.  Carbon  is  deposited  in  the  form  of  soot  or  lamp-black  by  the  imperfect  combus- 
tion of  highly  carbonised  bodies,  such  as  pitch.  Animal  Cluuioal  is  obtained  by  calcining  bones 
in  closed  vessels ;  it  consists  of  a  mixture  of  charcoal  and  bone  ash.  This  form  of  carbon,  owing 
to  its  afi^ty  for  colouring  matter,  is  used  in  commerce  for  removing  colour  from  solutions  of  sugar 
and  other  oiganic  liquids.  The  physical  properties  of  carbon  vary  with  its  state  of  aggregation* 
Wood  and  animal  charcoal  possess  a  valuable  property  of  absorbing  gases,  condensible  vapomsi 
and  colouring  matters.  (See  OaxeSf  Abtorption  of.)  It  also  possesses  the  property  of  inducing 
the  combustion  of  hydrogen  and  other  gases  by  means  of  the  oxygen  which  it  condenses  from 
the  atmosphere,  resembling  in  this  respect  spongy  platinum.  At  the  ordinary  temperature 
carbon  scarcely  shows  any  chemical  affinity,  but  at  a  high  temperature  It  unites  with  oxygen, 
with  incandescence  and  great  evolution  of  light  and  heat,  forming  carbonic  acid,  or  when  the 
carbon  is  in  excess,  carbonic  oxide. 

Carbonic  Add,  Diroaade  of  Carbon,  or  Carbonic  Anhydride  (C  0,),  is  a  colourless  gas  which 
may  be  liquified  by  a  pressure  of  thirty-six  atmospheres  at  o**  C.  (32"  F.),  and  solidified  by  a  stiU 
greater  reduction  of  temperature.  In  the  gaseous  state,  its  specific  gravity  is  i  '52,  owing  to 
which  it  may  with  care  be  poured  from  one  vessel  to  another  like  water.  It  is  a  normal  con- 
stituent of  the  atmosphere  (see  Atmotph^rCy  Composition  of.)  It  is  a  non-sapporter  of  ordinaiy 
combustion,  although  potassium  and  some  other  bodies  will  bum  in  it  with  separation  of  carbon 
or  carbonic  oxide.  It  will  not  support  life,  and  in  an  impure  state  is  the  choke-damp  of  miners. 
Water  dissolves  about  its  own  bulk  at  the  ordinary  temperature  ;  vegetation  decomposes  it  with 
separation  of  free  oxygen.  It  possesses  acid  properties,  and  unites  with  bases  to  form  salts. 
The  alkaline  carbonates  are  soluble  in  water,  the  others  are  mostly  insoluble.  Carbonates  are 
decomposed  by  almost  every  acid  with  evolution  of  gaseous  carbonic  add.  Caustic  alkaJies 
rapidly  absorb  it.    The  following  are  the  most  important  carbonates  : — 

Carhonales  of  Ammonium.  There  are  several  combinations  of  ammonia  and  carbonic  acid. 
They  are  all  crystalline,  volatile  either  with  or  without  decomposition,  soluble  in  water,  and 
possessmg  an  ammoniacal  odour. 

Carbonale  of  Barium  (Ba,O.CO,)  in  the  native  state  is  known  as  witherite;  a  hard,  white, 
crystalline  mineral  of  specific  gravity  4*3.  In  the  artificial  state  it  is  a  soft»  white,  insoluble 
powder. 

Carbonate  of  Calcium  (CajO.C  O,.)  This  occurs  abundantly  in  nature  as  limestone,  chalk, 
calc  spar,  and  marble.  It  is  also  a  principal  constituent  of  egg  and  mollusc  shells.  It  crystal- 
lises as  calc  spar  in  the  hexagonal  system,  and  as  arragonite  in  the  trimetric  system.  Artificially 
prepared  it  is  a  white  powder,  insoluble  in  water,  but  tolerably  soluble  in  water  containing  excess 
of  carbonic  acid.    At  a  red  heat  carbonate  of  calcium  is  converted  into  caustic  limeu 

Carbonate  of  Lead  (Pb^CC  0|.)  The  hydrated  carbonate  containing  variable  amounts  of 
water  is  prepared  by  the  absorption  of  carbonic  acid  by  metallic  lead  in  the  presence  of  oxygen 
and  acetic  acid.  It  is  extensively  used  in  commerce  as  white  lead.  Some  varieties  of  white 
lead  contain,  in  addition,  oxide  of  lead,  others  chloride  of  lead.    (See  Lead.) 

Carbonate  of  Magnesium  (Mg^O.  C  O^),  occurs  native  as  magnesite,  and  also  in  the  hydrated 
form,  as  a  white  amorphous  substance,  insoluble  in  water.  The  hydrated  carbonate  containing 
variable  amounts  of  water  and  carbonic  acid,  is  met  with  in  commerce  under  the  name  of  mag^ 
nesia  aJlha^  and  is  a  very  light,  balky,  insoluble  powder. 

Carbonate  of  Potassium  (K^O.C  Og),  known  also  as  peati  ash ;  crystallises  in  the  hydrated 
state  in  rhombic  octahedra,  which  are  very  soluble  in  water.  When  heated  it  becomes  anhy- 
drous, and  at  a  red  heat  fuses.  The  solution  has  a  strong  alkaline  taste  ;  when  saturated  with 
carbonic  acid,  it  is  converted  into  bi-carbonate  of  potassium  (KjO.H3O.2CO2),  which  crystal- 
lises in  rhomboidal  prisms,  much  leas  soluble  than  the  neutral  carbonate. 

Carbonate  of  Sodium  (Na,O.C  O,),  is  manufactured  in  commerce  in  enormous  quantities,  and 
is  ordinarily  known  as  soda.  (See  Sodium.)  In  the  pure  crystallised  state  it  forms  diagonal 
prisms  containing  ten  atoms  of  water,  wluch  efiloresce  in  dry  air.  In  the  anhydrous  state 
it  is  a  white  powder,  fusing  at  a  moderate  red  heat.    Both  the  crystals  and  the  anhydrous 
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salt  dissolve  readily  in  water,  and  fonn  a  highly  alkaline  solution.  When  carbonic  add  is 
passed  over  the  neutral  carbonate,  or  through  its  solution,  bi-carbonate  of  sodium  is  fonned 
(Na,0.H,0.2C0s.)  This  has  usually  the  form  of  a  white  crystalline  powder,  which  has  a 
slight  alkaline  taste,  and  ia  much  less  soluble  in  water  than  the  neutral  carbonate. 

Carbonic  Oxide  (C  0),  is  a  colourless  gas  of  specific  gravity  0*96,  perfectly  neutral,  insoluble 
in  water,  and  very  poisonous  when  inhaled.  It  does  not  support  combustion,- but  when  ignited 
in  the  air  bums  with  a  lambent  blue  flame,  producing  carbonic  add.  At  a  high  temperature  it 
acts  as  a  strong  reducing  agent. 

Di-aidphide  of  Carbon  (C  Sj),  is  formed  by  the  direct  combination  of  sulphur  and  carbon  at  a 
red  heat ;  it  is  colourless,  strongly  refracting,  very  volatile  liquid,  having  a  disagreeable  odour ; 
it  boils  at  46*5*"  C.  (116**  F.),  is  insoluble  in  water,  but  misdble  in  all  proportions  with  alcohol, 
ether,  and  oils.  Its  solvent  properties  for  sulphur,  phosphorus,  iodine,  and  many  gum  resins  are 
very  great.  It  is  very  inflammable,  the  vapour  igniting  at  a  temperature  much  below  redness ; 
it  bums  with  a  pale  blue  flame,  producing  carbonic  add  and  sulphurous  add. 

Tetrotchloride  cf  Carbon.  Carbon  forms  several  compounds  with  chlorine  ;  of  these  we  need 
only  here  mention  the  tetrachloride  (C  CI4).  This  is  a  thin  transparent  liquid,  insoluble  in 
water,  of  specific  gravity  1*56,  boiling  point  77"  C  (170*5*'  F  )  It  has  a  strong  aromatic  odour, 
and  has  been  successfully  used  aa  an  ansesthetic.  The  compounds  of  carbon  and  hydrogen  are 
very  numerous ;  those  of  most  importance  will  be  described  under  their  special  names.  Carbon 
enters  into  the  composition  of  all  organic  bodies  ;  indeed,  organic  chemistry  has  been  defined  by 
Hofmann  as  a  ''history  of  the  migrations  of  carbon." 

CAKBON,  SPECTRUM  OF.  It  has  been  found  that  eveiy  element  gives  a  characteristio 
spectrum  when  its  vapour  is  heated  to  incandescence,  but  in  the  case  of  bodies  like  carbon, 
which  are  non-volatile  by  themselves,  their  spectra  can  only  be  ascertained  by  comparing,  inter 
se,  the  spectra  given  by  its  volatile  compounds  with  other  elements.  Mr.  Swan,  Br.  Attfield, 
Br.  W.  M.  Watts,  Mr.  Huggins,  and  others,  have  examined  the  spectra  given  by  different 
carbon  compounds,  and  have  shown  that,  although  they  all  give  spectra,  differing  somewhat 
among  themselves,  there  is  yet  a  certain  family  relationship  throughout,  and  by  ascertaining  by 
experiment  on  other  compounds,  the  modification  which  the  elements  united  to  the  carbon 
occasion,  it  has  been  possible  to  arrive  at  a  pretty  good  idea  of  what  the  spectrum  of  carbon  ia 
like.  The  general  character  seems  to  be  that  of  groups  of  fine  lines  in  the  yeUow,  green,  blue, 
and  violet,  each  group  having  its  strongest  member  on  the  less  refrangible  end,  and  fading 
gradually  away  toward  the  more  refrangible  end.  It  is  probable  that  many  of  the  differences 
between  the  various  spectra  of  carbon  compounds  are  due  to  the  different  temperature  at  which 
they  are  produced.    (See  Spectrum.) 

CARNOT'S  FUNCTION.  A  relation  between  the  amount  of  heat  which  leaves  a  given 
source,  and  the  work  done  by  it.  The  chief  deductions  from  Camot's  Function  are — (i.)  that 
the  ratio  of  the  heat  drawn  from  the  source  to  the  work  produced  is  the  same  at  the  same  tem- 
perature, whatever  be  the  substances  composing  the  machine ;  (2.)  that  the  ratio  idways  depends 
on  the  temperature  only,  and  does  not  vary  with  the  nature  of  the  substance  ;  (3.)  that  a  per- 
fect machine  is  only  able  to  convert  into  mechanical  effect  a  certain  proportion  of  the  heat 
which  leaves  its  source ;  this  quantity  varies  directly  as  the  difference  of  the  temperature  of  the 
source  and  refrigerator,  and  inversely  as  the  temperature  of  the  source.  The  quantity  of  work 
produced  by  a  perfect  engine  in  a  given  time  is  found  by  multiplying  the  quantity  of  heat  wUch 
leaves  the  source  in  the  given  time,  first,  by  the  difference  of  the  temperatures  of  the  source  and 
refrigerator,  then  by  the  number  by  which  the  unit  of  heat  must  be  multiplied,  in  order  to  give 
the  mechanical  equivalent,  and,  lastly,  dividing  by  the  temperature  of  the  source.  (See  Ther- 
modynamict;  Heat  Engine;  and  Mechanical  Equivalent  oflleat.) 

CARTESIAN  BIVER.  An  instrument,  usually  in  the  form  of  a  toy,  which  admirably 
illustrates  several  of  the  properties  of  fluids.  It  consists  essentially  of  a  glass  tube  closed  at 
one  end,  nearly  filled  with  water,  and  inverted  into  an  cylindrical  vessel  nearly  full  of  water, 
the  mouth  of  which  is  dosed  air-tight  by  a  membrane  of  caoutchouc.  The  bubble  of  air  in  the 
internal  tube  is  of  such  a  size  that  the  tube  just  floats,  forming  in  fact  a  little  floating  diving- 
belL  If  the  membrane  closing  the  outer  cylinder  be  pressed  downwards,  the  pressure  is  com- 
municated through  the  air,  above  the  water  in  the  cylinder,  to  the  water.  By  the  latter  it  is 
conveyed  in  all  mrections  (see  Praeure  through  Liquids)  amongst  the  rest^  up  through  theopen 
end  of  the  inner  tube,  and  up  to  the  bubble  of  air  at  the  top.  The  latter  is  compressed.  The 
loss  in  volume  suffered  by  the  air  is  compensated  for  by  the  entrance  of  water.  The  result  of 
this  substitution  is,  that  the  tube  with  its  contents  becomes  heavier.  Being  pressed  upwards  by 
the  same  force  as  before,  it  is  now  pressed  downwards  by  a  greater  one.  Equilibrium  can  no 
longer  subsist,  and  the  diver  sinks.  On  relieving  the  pressure,  the  opposite  conditions  succeed 
one  another  in  the  inverse  order,  and  the  diver  risei.    Attempts  have  oeen  made  to  utilise  such 
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a  diver  for  the  purpose  of  detenmning,  or  at  least  mdicating,  the  barometric  pressure.  But 
variatioQ  in  temperature  afifects  the  density  of  the  water  and  the  air  to  such  a  slight  degree, 
especially  the  latter,  as  to  invalidate  conclusions  as  to  atmospheric  pressure  drawn  from  the 
position  of  the  diver. 

CARTESIAN  SYSTEM.  The  system  by  m^ch  Descartes  endeavoured  to  account  for  the 
planetary  motions,  by  the  existence  of  vorticose  movements  in  a  fluid  which  he  supposed  to 
occupy  in  space.  Strange  as  it  may  seem,  this  theory  seemed  for  a  long  time  likely  to  prevent 
the  reception  of  the  Newtonian  astronomy  among  continental  mathematicians.  The  contest 
between  the  two  S3r8tems,  however  unequal,  was  pursued  with  considerable  spirit  for  many 
years.  Nor  was  this  unfortunate,  since  we  may  ascribe  to  the  struggle  the  rapid  progress  of 
continental  mathematiciaQS  in  mastering  the  modem  modes  of  mathematical  analysis.  Until 
comparatively  reoent  times,  English  mathematicians  lagged  far  behind  their  continental  brethroi 
in  this  respect. 

CASCADE,  CHAB6E  BY.  If  several  Leyden  jars  be  arranged  on  insulating  supports,  and 
connected  in  series,  so  that  the  inside  coating  of  the  second  is  joined  to  the  outside  coating  of 
the  first,  the  inside  of  the  third  to  the  outside  of  the  seconcL  and  so  on  ;  then  if  the  inside  coat- 
ing of  the  first  be  connected  with  the  prime  conductor  of  the  electric  machine  and  the  outside 
of  the  last  to  the  earth,  on  taming  the  machine  the  whole  series  will  be  charged.  The  positive 
electricity  driven  by  induction  from  the  outside  coating  of  the  first  jar  charges  the  inside  of  the 
second,  tiiat  driven  from  the  outside  of  the  second  chai^^  the  inside  of  the  third,  and  so  on  ; 
and,  finally,  the  positive  electricity  driven  from  the  outside  of  the  last  jar  is  neutralised  by  the 
connection  with  the  earth.  This  method  of  charging  a  series  of  jars  at  the  same  time  is  called 
charqinrf  by  catcade. 

CASEIN.  {Caseut,  cheese.)  An  organic  substance  occurring  in  milk  in  the  soluble  form, 
having  great  similarity  to  albumen ;  it  is  coagulated  by  heat  and  adds,  and  is  the  principle 
constituent  of  cheese. 

CASSEGRAINIAN  TELESCOPE.  (So  caUed  from  the  inventor  Cassegrain.)  In  this 
form  of  reflecting  telescope  a  small  convex  speculum  is  placed  in  ht)nt  of  the  large  speculum ; 
the  rays  of  light  from  the  object  falling  on  the  principal  speculum  are  converged  and  reflected 
back  to  the  small  speculum  ;  this  receives  them,  and  again  reflects  them  to  the  centre  of  the 
large  speculum,  where  a  hole  is  cut  to  allow  them  to  pass  through  to  the  eyepiece.  One  of  the 
largest,  and  probably  the  most  perfect  reflecting  telescope  in  the  world  is  of  this  construction. 
(See  Dr.  T.  R.  Robinson  and  Mr.  T.  Grubb's  Description  of  the  Great  Melbourne  Telescope, 
FhiL  Trans,,  1869,  p.  127.)     (See  Tdescopt;  Reflecting  Telescope;  Speculum.) 

CASSIOPEIA.  One  of  Ptolemy's  northern  constellations,  figured  in  the  mapB  aa  a  lady 
sitting  in  a  chair.  The  five  principaJ  stars  of  this  constellation  form  a  well-known  group  lying 
on  the  Milky  Way  between  Cepheus  and  Perseus.  The  constellation  contains  several  interesting 
objects.    Alpha  Cassiopeiie  is  a  well-known  variable. 

CASSITERITE.    See  Tin, 

CAST  IRON.    See  Iron. 

CASTOR.  The  star  a  of  the  consteUation  GeminL  It  is  a  fine  second  magnitude  binaty, 
the  components  neariy  equaL 

CASTOR  OIL.  A  viscid  yellowish  oil  extracted  from  the  seeds  of  JRtdnus  communis.  It 
has  a  faint  taste  and  odour.  Specific  gravity  0*97.  Chemically  it  appears  to  be  a  mixture  of 
glycerin  and  several  fatty  adds. 

CATACAUSTIC.     {KaraKavcis,  scorching )     See  Caustic. 

CATALYSIS.  (icaroXuetv,  to  resolve. )  A  name  given  to  a  very  obscure  class  of  pheno- 
mena, of  which  little  is  known  ;  it  means  action  by  contact,  or  chemical  action  taking  place  in 
the  presence  of  a  substance  which  appears  perfectly  inert  and  unaffected  by  anything  present. 
As  examples,  we  may  mention  the  conversion  of  starch  into  sugar  in  contact  with  warm  dilute 
adds,  the  conversion  of  cane  into  grape  sugar  under  similar  circumstances,  the  phenomena  of 
fermentation,  the  action  of  finely  divided  metals  in  decomposing  per-oxide  of  hydrogen,  and  tiie 
effect  of  spongy  platinum  in  inducing  the  combination  of  oxygen  and  hydrogen.  Several  expla- 
nations have  been  attempted,  but  they  are  all  more  or  less  obscure,  and  fail  to  meet  the 
majority  of  instances  in  which  this  action  is  observed. 

CATHARISM.  {KaOapoSf  pure,  dean.)  A  term  introduced  by  Mr.  Tomlinson,  with  refer- 
ence to  the  rendering  of  nuclei  chemically  clean.     (See  Nucleus.) 

CATHARIZATION  (jro^a/M^w,  to  purge,  purify,  or  clean),  is  the  art  of  clearing  the  surface 
of  bodies  from  alien  matter ;  and  the  substance  is  said  to  be  catharizcd  when  the  surface  is  so 
deared. 

As  every  thing  exposed  to  the  air,  or  to  the  touch,  takes  more  or  less  a  deposit  or  film  of 
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foreign  matter,  subBtanoes  are  daaeed  as  caiharktd  or  uncaiha/riztd^  according  as  {hey  have 
been  or  not  so  freed  from  foreign  matter. 

The  term  catharized,  denotmg  the  condition  of  pure  surface,  may  also  be  applied  to  surfaces 
that  have  not  ludergone  the  process  of  catharization.  Thus  a  flint  stone,  in  the  rough,  has  an 
uncatharized  surface ;  bat,  when  split,  the  inner  surface  of  the  pieces  will,  for  a  time,  be  chemi- 
cally clean,  or  in  a  catharized  state. 

CATENARY.  (CatenaHiu,  pertaining  to  a  chain ;  from  eaterui,  a  chain.)  The  curve  formed 
by  a  unifoim  flexible  string,  or  chain,  suspended  from  its  extremities.  The  chief  properties  of 
the  catenary  are  as  follow : — i.  Let  a  horizontal  line  be  drawn  at  a  distance  below  the  lowest 
point  of  the  string,  equal  to  the  length  of  string,  haying  a  weight  equivalent  to  the  tension  at 
the  lowest '  point.  The  tension  at  any  point  is  the  weight  of  a  portion  equal  to  the  distance  of 
the  point  above  the  horizontal  line.  2.  The  radius  of  curvatiue,  at  any  point,  is  equal  to  the 
portion  of  the  normal,  intercepted  by  the  curve  and  the  horizontal  line.  3.  The  horizontal 
tension,  at  any  point,  is  constant.  4.  Of  all  curves  of  a  given  length,  drawn  between  two  fixed 
points  in  a  horizontal  line,  the  common  catenary  is  that  which  has  its  centre  of  gravity  furthest 
from  the  line  joining  the  points. 

If  the  string  vary  in  diameter,  so  that  the  area  of  a  section,  at  any  point,  is  proportional  to 
the  tension  at  that  point,  the  curve  in  wUch  the  string  hangs  is  called  the  Catenary  of  Equal 
Strength.  For  the  theory  and  properties  of  the  catenary,  see  Foisson's  Mechanics,  Ware's  Tracts 
on  Vaults  and  Bridges,  Whewell's  Analytical  Statics,  and  Wallace  in  the  Edin.  Trans.,  vol.  xiv. 

CATOFTBICS.  (/caroirr/Hiro$ — Kwrovrpov,  a  mirror;  Kara,  down;  oto'o^cu,  future  of 
6pata^  to  sea)  That  branch  of  the  science  of  geometrical  optics  which  treat  of  the  phenomena 
of  incident  and  reflected  light. 

CAUSTIC  CUBVE.  (jcai/ortjco;,  ira(»,  irav<ru,'to  bum.)  When  rays  of  light  are  incident 
npon  a  curved,  reflecting,  or  refracting  surface,  the  reflected  or  refracted  rays  intersect,  form- 
ing a  curved  line,  to  which  the  rays  are  tangents.  When  formed  by  reflection,  this  curve  is 
called  catacauttiCf  and,  when  formed  by  refraction,  diacaustic 

CAVENDISH  EXPERIMENT.  An  experiment  for  the  purpose  of  determining  the  mean 
density  of  the  earth,  investigated  by  Cavendish,  Reach,  and  Bally.    (See  Earth,  Density  of  the,) 

CEBALRAI.     (Arabic.)    The  star  /3  of  the  oonsteUation  Ophiuchus. 

CELLULOSE,  (known  also  as  lignin  or  woody  fibre,  C^HioOg),  is  an  insoluble  carbohydrate 
in  an  almost  pure  state ;  it  forms  the  principal  bulk  of  unsized  paper,  cotton,  or  linen  ;  and,  in 
an  impure  condition,  the  chief  bulk  of  wood.  It  is  insoluble  in  water,  alcohol,  &c. ;  but,  when 
acted  on  by  strong  nitric  acid,  is  converted  into  nitro-substitution  compounds.  (See  Gun  Cotton.) 

CENTAUBUS.  (The  Centaur.)  One  of  Ptolemy's  southern  constellations.  Only  the  head 
and  shoulders  of  this  figure  rise  above  the  horizon  of  London.  The  constellation,  as  figured  by 
the  ancients,  was  one  of  the  finest  in  the  heavens,  but  modem  astronomers  have  taken  four  of 
the  leading  brilliants,  and  several  smaller  stars,  to  form  the  constellation  Crux  Australis.  The 
star  Alpha  Centauri  is  remarkable,  not  only  as  the  finest  double  star  in  the  heavens,  and  for  the 
great  extent  of  its  auiual  proper  motion,  but  as  the  star  which  lies  nearest  to  the  solar  system, 
so  far  as  is  yet  known.  The  change  of  the  earth's  place,  during  her  orbital  motion  around  the 
sun,  produces  a  parallactic  displacement  of  nearly  one  second  of  arc  in  this  star,  a  fact  first 
detected  by  Professor  Henderson,  under  drcumstanoes  which  rendered  the  observation  one  of 
unusual  difficulty.  Maclear,  with  superior  instrumental  means,  has  confirmed  the  estimate  of 
Professor  Henderson.  The  actual  distance  of  the  star  is  thus  shown  to  be  about  20,000  billions 
of  miles.  Near  the  star  Beta  Centauri  the  Milky  Way  is  sub-divided,  the  whole  of  the  galaxy 
between  Centaurus  and  Ophiuchus  being  singularly  complicated. 

CENTBAL  FOBCES.  Forces  ten^g  to  cause  the  body,  or  bodies,  on  which  they  act  to 
pass  towards,  or  from,  a  fixed  point,  termed  the  centre  of  force.  If  a  body  starting  from  rest  be 
acted  on  continually,  by  a  force  tending  to  a  fixed  point,  the  body  will,  of  course,  move  with 
constantly  increasing  velocity  up  to  the  fixed  point,  but  if  the  body  be  first  projected  with  an 
initial  velocity,  in  a  direction  which  does  not  pass  through  the  fixed  point,  the  velocity  of  the 
body  will  not  constantly  increase,  nor  will  the  body  be  drawn  to  the  centre  of.  force.  It  is 
proved,  mathematically,  that  a  particle  acted  on  by  a  central  force,  when  once  set  in  motion  in 
any  direction  which  does  not  pass  through  the  centre  of  f  orce^  continues  its  motion  in  one  place, 
and  its  path  forms  a  curve. 

The  straight  line  drawn  from  any  position  of  the  moving  particle  to  the  centre  of  force  is 
teimed  the  radius  vector.  One  of  &e  most  important  laws  of  central  forces  is  that  of  the 
conservation  of  the  areas  described  by  the  radius  vector,  proved  by  Newton  as  follows : — 

When  a  body  is  projected  with  a  given  velocity,  it  will  pass  through  a  certain  space 
in  a  straight  line,  provided  no  other  force  be  acting  upon  it.  As  soon,  however,  as  a  central 
force  is  made  to  act  upon  it,  it  will  be  draw^  out  of  the  straight  line.     If,  then,  we 
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are  able  to  ascertain  the  velocity  with  which  the  body  would  move  towards  the  centre, 
under  the  action  of  the  central  force  only,  we  can  determine  the  position  of  the  body,  at 
the  end  of  a  single  unit  of  time,  by  the  Parallelogram  of  Velocities.  At  the  commence 
ment  of  the  second  unit  of  time,  we  may  suppose  the  body  to  be  again  subjected  to  the 
impulse  of  the  central  force.  By  again  compounding  the  velocity  with  which  the  body  would 
now  move  without  the  action  of  the  central  force,  and  the  velocity  due  to  the  central  force 
alone,  we  obtain  the  position  of  the  body  at  the  end  of  the  second  unit  of  time.  It  is  eaaUy 
demonstrable,  geometrically,  that  all  the  triangles  formed  by  joming  the  successive  position  of 
the  body,  at  the  end  of  each  umt  of  time,  are  equal  in  area.  If  we  now  consider  the  case  when 
the  unit  of  time  is  indelinitely  dimmished  in  duration,  and  the  number  of  units  indeHnitely 
increased,  we  see  that  the  triangles  formed  by  the  motion  during  each  unit  are  still  equal  to  one 
another ;  and  the  path  of  the  body,  instead  of  being  a  polygon,  becomes  a  curve,  since  the 
polygon,  having  an  indefinitely  large  number  of  sides,  is  identical  with  a  curve.  The  equality  of 
the  triangles,  referred  to  above,  is  therefore  expressed,  by  saying  that  tne  radii  vsctores  of  the 
curve  sweep  out  equal  areas  in  equal  times ,  and,  consequently,  in  different  times  the  areas 
swept  out  by  the  radii  vectores  are  proportional  to  tlie  times.  The  converse  of  this  is  equally 
true,  namely,  that  if  a  body  moves  in  a  plane  curve,  so  that  the  radius  vector,  drawn  to  a  fixed 
point,  sweeps  out  areas  proportional  to  the  times,  it  is  acted  on  by  a  central  force  tending  to 
that  point. 

Having  obtained  these  fundamental  principles,  we  arrive  at  the  following  results  by  mathe- 
matical reasoning  :  (i.)  The  velocity  of  a  body  acted  on  by  a  central  force,  at  any  point  in  its 
path,  is  inversely  proportional  to  the  perpendicular,  from  the  fixed  point  on  the  tangent  to  the 
curve  at  the  point  considered.  Consequently,  if  the  velocity  be  uniform,  the  pexpendicular  on  the 
the  tangent  must  remain  constantly  of  the  same  length  but  since  there  is  but  one  curve- 
namely,  the  circle,  ii^  which  the  perpendiculars  from  a  given  point  on  the  tangent  are  all  equal, 
the  path  of  the  body  must  be  a  circle,  and  the  fixed  point  must  be  at  its  centre.  (2. )  If  a  body 
describe  an  ellipse  under  the  action  of  a  force  tendui^  to  a  focus  of  the  ellipse,  the  mtansity  of 
the  force  is  inversely  proportional  to  the  square  of  the  distance.  The  same  applies  to  a 
hyperbolic  and  a  parabolic  path.  (3.)  If  the  path  be  an  ellipse,  and  the  centre  of  force  be  the 
centre  of  the  ellipse,  the  intensity  of  the  force  is  directly  proportional  to  the  distance. 

The  converses  of  these  propodtions  are  also  true.  If  a  body  be  projected  from  a  point  in  a 
given  direction  with  given  velocity,  and  move  under  the  action  of  a  centnil  force,  whose  intensity 
varies  inversely  as  the  square  of  Uie  distance,  the  orbit  ia  either  a  hyperbola,  a  parabola^  or  an 
ellipse  according  to  the  relation  between  the  velocity  and  distance  of  projection. 

If  a  body  be  in  motion  under  the  action  of  a  central  force,  whose  intensity  varies  directly  as 
the  distance,  the  orbit  is  an  ellipse,  and  the  centre  of  force  is  the  centre  of  the  ellipse,  in  this 
case  the  period  of  revolution  ia  mdiependent  of  the  dimensions  of  the  ellipse^  and  depends  solely 
on  the  intensity  of  the  force. 

On  reference  to  Kepler's  Laws  obtained  by  laborious  calculations  from  an  immense  series  of 
observations,  it  wUl  be  seen  that  they  exactly  correspond  with  the  general  conclusions  respect- 
ing central  forces,  and  that  consequently  the  planets  describe  their  orbits  under  the  influence  o£ 
a  central  force  tending  to  the  sun,  and  varying  in  intensity  inversely  as  the  square  of  the  dis- 
tance, and  that  the  force  would  be  the  same  for  each  planet  at  the  same  distance  (see  KepUr't 
Lawi).  We  need  only  suppose  the  planets  to  be  once  set  in  motion,  and  then  we  have  quite 
sufficient  to  account  for  their  continuous  motion  and  elliptical  orbits  in  the  central  force  tending 
to  the  sun.  We  find  the  planets  in  motion ;  there  is  no  force  known  to  us  which  mainfAina 
that  motion,  and  there  is  no  necessity  for  us  to  suppose  the  existence  of  any  other  force  than 
that  which  acts  constantly  towards  the  sun. 

CENTRE,  EQUATION  OF.    See  EqiuUum  of  Centre. 

CENTRE  OF  GRAVITY.  That  point  in  a  body  through  which  passes  the  resultant  of  the 
weights  of  the  particles  composing  the  body  in  every  position  in  which  the  body  may  be  placed. 
The  attraction  of  the  earth,  which  causes  a  body  to  have  the  property  called  weight,  acts  upon 
every  particle  of  the  body.  When  a  stone  is  crushed  into  small  n^gments,  the  sum  of  the 
weights  of  the  particles  is  equal  to  that  of  the  whole  stone.  If  one  of  these  particles  be  attached 
by  a  fine  thread  to  a  fixed  point,  the  thread  will  take  the  vertical  direction.  If  several  of  the 
particles  be  suspended  from  points  near  together,  the  threads  will  be  parallel  Hence,  when  the 
particles  are  united,  so  as  to  form  one  body,  we  may  consider  their  weights  to  be  a  system  of 
parallel  forces,  and  conseftjuently  equivalent  to  a  single  resultant.  By  suspending  the  body  from 
any  point,  we  can  ascertain  the  direction  through  which  this  resultant  passes.  If  we  then 
suspend  the  body  from  another  point,  we  obtain  a  second  resultant,  the  direction  of  which  inter- 
sects the  former  direction.  For  though  the  weight  and  magnitude  of  the  particles  are 
unchanged,  each  of  them  will  have  the  direction  of  its  force  cha^^  with  regard  to  the  whole 
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body,  and  the  effect  is  the  same  as  if  each  force  had  been  caused  to  turn  about  its  point  of 
application.  If  the  body  were  of  such  material  that  it  could  be  pierced  in  the  direction  of  the 
line  of  support  in  different  positions,  all  the  lines  would  be  found  to  intersect  in  a  single  point, 
which  is  ciJled  the  centre  of  gravity  of  the  body,  or  the  centre  of  the  parallel  forces  due  to 
gravity  acting  upon  it.  This  general  fact  is  stated  in  the  following  form  :~The  resultant  of  a 
system  of  parallel  forces  acting  on  a  rigid  body  passes  through  a  fixed  point,  the  position  of 
which  is  independent  of  the  direction  of  the  forces.  If  the  forces  be  the  weights  of  the  particles, 
the  fixed  point  is  termed  the  centre  of  gravity. 

The  process  of  finding  the  centre  of  gravity  of  a  body  may  be  either  experimental  or  geome- 
trical. When  the  body  is  homogeneous,  that  is,  when  eq<ml  volumes  taken  from  different  parts 
of  the  body  have  the  same  weights,  the  weights  of  different  portions  are  proportional  to  the 
volumes ;  tiius,  in  finding  the  centre  of  gravity  geometrically,  we  may  consider  the  volumes  as 
forces.  A  similar  process  may  be  taken  with  very  thin  sheets^  as  of  metal,  paper,  &c.,  of 
uniform  thickness,  for  since  the  weights  of  these  are  proportional  to  the  areas^  we  may  treat 
the  areas  as  forces,  and  find  the  centre  of  gravity  of  the  surface.  Similarly,  we  may  fmd  the 
centre  of  gravity  of  a  heavy  line,  since,  in  any  uniform  wire,  the  weight  is  proportional  to  the 
length. 

The  following  are  some  of  the  simpler  results  of  investigation  respecting  the  centre  of  gravity  : 
— (i.)  If  a  body  be  symmetrical  about  a  plane,  every  particle  on  one  side  corresponds  to  a  par- 
ticle equal  to  it  on  the  other.  Hence  the  centie  of  gravity  of  every  pair  of  particles  lies  in  the 
plane,  and  consequently  the  centre  of  gi-avity  of  the  entire  body  lies  in  the  plane  of  symmetry. 
(2.)  If  a  body  have  two  planes  about  which  it  is  symmetrical,  the  centre  of  gravity  Ues  in  the 
line  of  intersection  of  the  planes ;  and  if  it  have  three  planes  of  symmetry,  the  centre  of  gravity 
lies  in  the  point  where  the  three  planes  intersect.  (3.)  If  an  area  be  symmetrical  about  a  line, 
the  centre  of  gravity  lies  in  that  line.  (4.)  If  a  body  have  a  centre  of  lignre — that  is,  a  point 
such  that  all  Imes  drawn  through  it  to  the  outline  of  the  figure  are  bisected  in  the  point,  the 
centre  of  figure  is  the  centre  of  gravity.  Hence  the  centre  of  gravity  of  a  straight  line  is  its 
middle  point ;  that  of  the  circumference  or  area  of  a  circle  is  the  centre ;  the  centre  of  gravity 
of  a  parallelogram  is  the  point  of  intersection  of  the  diagonals,  which  is  the  centre  of  figure ; 
the  centre  of  gravity  of  a  sphere  is  its  centre ;  that  of  a  right  circvdar  cylinder  ia  the  middle 
point  of  the  axis ;  and  that  of  a  parallelopiped  is  the  point  of  intersection  of  any  two  diagonals. 
In  all  the  above  cases,  the  centre  of  gravity  is  the  same  whether  we  consider  the  perimeter  and 
outer  surfaces  only,  or  the  areas  and  volumes  of  the  bodies. 

From  the  preceding  principles  the  centre  of  gravity  of  the  following  figures  are  determined 
by  geometrical  rules : — 

1.  0/  a  triangle.  The  point  of  intersection  of  two  middle  lines,  or  that  point  in  the  line 
joining  the  middle  of  the  base  with  the  opposite  angle,  which  is  one-third  of  its  length  from  the 
base. 

2.  Of  a  senUcirde,  At  a  distance  from  the  base  found  by  dividing  two-thirds  of  the  square 
of  the  diameter  by  the  circumference. 

3.  Of  a  semidiipse.    Same  as  a  semicircle  of  the  same  height. 
^  Qf  a  parabola.    Three-fifths  of  the  height. 

5.  Of  a  cydM.    Seven-twelfths  of  the  height. 

t>.  Of  a  sector  of  a  cirde.  At  a  distance  from  the  centre  found  by  multiplying  two-thiids  of 
the  radius  by  the  chord,  and  dividing  by  the  arc. 

7.  Of  a  quadrant.    At  the  same  distance  from  either  radius  as  that  of  the  semicircle. 

8.  Of  the  surface  of  a  hemitphere.    At  the  middle  point  of  the  height. 

9.  Of  a  prism  or  cylinder.  The  middle  point  of  the  line  joining  the  centres  of  gravity  of  the 
two  ends. 

10.  Of  a  pyramid  or  com.  That  point  in  the  line  joining  the  centre  of  gravity  of  the  base 
with  the  apex,  which  is  one-fourth  of  its  length  from  the  base. 

11.  Of  a  hemisphere.    At  three-eighths  of  the  radius. 

The  following  are  the  chief  properties  of  the  centre  of  gravity.  When  a  body  is  suspended 
from  a  point,  it  comports  itself  as  if  its  entire  weight  were  concentrated  at  the  centre  of  gravity. 
Consequently,  we  may  consider  any  body  as  acted  upon  by  two  forces,  the  resultant  of  the  forces 
due  to  gravity,  acting  at  its  centre  of  gravity,  and  the  resultant  of  the  reactions  of  the  points  of 
support.  In  order  that  the  body  may  be  at  rest,  these  two  must  act  in  the  same  vertical  line 
in  opposite  directions ;  if  not,  the  body  will  move.  Thus  it  results  that  if  the  centre  of  gravity 
be  supported,  the  whole  body  will  be  supported.  If  the  body  be  suspended  from  a  point,  the 
centre  of  gravity  and  the  point  of  support  must  be  in  the  same  vertical  line.  When  the  body  is 
supported  on  several  points  the  oonditAon  of  rest  ia  that  the  resultant  of  all  the  resistances  snail 
be  in  the  same  vertical  line  with  the  centre  of  gravity.    It  is  obvious  that  this  resultant  wUl  of 
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necessity  fall  witiiin  the  lines  of  its  component  f OTces.  Conseqnentiiy,  if  the  centre  of  gravity  of 
a  body  fall  withoat  the  base  on  which  it  stands,  it  cannot  remain  at  rest,  and  motion  will  ensae 
until  the  necessaiy  conditions  are  attained.  The  variationa  in  the  position  of  the  centre  of 
gravity  in  connection  with  the  equilibriun  of  the  forces  acting  on  the  body  will  be  treated  under 
equiUMum, 

CENTRE  OF  INERTIA.    Centre  of  mass.    See  Centre  cf  Qttmty. 

CENTRE  OF  GYRATION.    See  Gyratum,  Centre  of. 
'    CENTRE  OF  OSCILLATION.    See  OtciUatum,  Centre  of. 

CENTRE  OF  PERCUSSION.  When  a  soUd  body  is  revolving  about  an  axis  the  point 
at  which  a  resistance  sufficiently  strong  would  stop  the  rotation  of  the  body  without  imparting 
motion  to  the  axis. 

CENTRE  OF  PRESSURE  (LATERAL)  OF  LIQUIDS.  Since  (see  LaUr<d  Pressure  of 
Liquids)  the  outward  pressure  on  any  point  of  the  side  of  a  vessel  containing  liquid  varies  with 
the  depth  of  the  point,  the  pressure  at  any  depth  may  be  represented  by  the  straight  line  drawn 
parallel  to  the  base  of  an  isosceles  right  angled  triangle,  one  of  whose  sides  is  the  height  from  the 
bottom  of  the  vessel  to  the  liquid  surface,  and  the  other  a  horizontal  line  equal  to  this  drawn  firam 
the  base.  Consequently  the  entire  pressure  on  a  line  of  such  points,  reaching  vertically  from  the 
liquid's  surface  to  the  bottom,  is  represented  by  the  area  of  the  above  triangle.  The  centre  of 
pressure  of  such  a  line  of  points  is  that  point  at  which  a  single  pressure  will  support  the  whole 
une  of  points,  supposing  Uie  line  to  be  rigid.  This  point  is  manifestly  the  point  of  intersection 
between  the  vertiod  line  of  points  and  the  horizontal,  drawn  through  the  centre  of  gravity  of 
the  above  mentioned  triangle.  In  other  words,  it  is  one-third  from  &e  bottom.  If,  therefore, 
a  vessel  have  a  rectangular  side  the  centre  of  pressure  of  each  vertical  strip  of  the  side  will  be 
one-third  from  the  bottom,  or  the  line  of  pressure  will  be  a  horizontal  line  at  the  same  depth. 
Finally,  the  centre  of  pressure  will  clearly  be  the  centre  of  such  a  line,  since  the  surface  is  dia- 
tributed  symmetrically  aroimd  this  point* 

CENTRIFUGAL  FORCE.  {Centrum,  and  fugo,  to  fly  from.)  When  a  body  describes  a 
circle  with  uniform  velocity,  there  must  be  a  force  constantly  acting  upon  it  and  directed 
towards  the  centre.  If  left  to  itself  at  any  point  the  body  would  move  in  the  direction  of 
the  tangent  at  that  point,  and  the  force  towa^rds  the  centre  is  spent  at  each  instant  in  deflecting 
the  body  out  of  the  straight  line  in  which  it  is  moving.  The  force  with  which  the  body  tends 
to  fly  from  the  centre  is  termed  the  centrifugal  force,  and  the  force  which  counteracts  the 
centrifugal  force  is  termed  centripetal.  These  forces  are  equal  and  opposite,  and  each  is 
found  by  multiplying  the  mass  of  the  body  by  the  normal  acceleration  ;  or,  which'  is  the  same 
thing,  multiplying  the  weight  of  the  body  by  the  square  of  the  velocity,  and  dividing  by  the 
acceleration  of  gravity  and  the  radius  of  the  circle.  In  illustration  of  this  rule  let  us  suppose  a 
stone  I  pound  in  weight  to  be  tied  to  a  string  3  feet  long  and  whirled  round  so  that  its  velocity 
is  24  feet  per  second,  what  will  be  the  strain  on  the  string.  Here,  24  x  24  x  i  lb.  ^ 
(32  X  3)  =  6  lbs.  If  the  string  be  not  strong  enough  to  bear  a  weight  of  6  pounds  it  will 
be  broken  by  the  revolution  of  the  one  poxmd.  The  force  tending  to  break  the  string 
is  the  centrifugal  force,  and  that  tending  to  prevent  the  body  from  flying  off  ia  the  centripetal 
force. 

CENTRIPETAL  FORCE.    (Cenirum,  and  peto,  to  seek. )    See  Centrifugal  Force. 

CEPHEUS.  One  of  Ptolemy's  northern  constellations.  Few  of  the  stars  composing  this 
constellation  are  very  noteworthy,  and  perhaps  the  most  remarkable  feature  of  the  asterism  is 
the  outlying  branch  of  the  Milky  Way,  extending  towards  the  pole  from  the  st|br  Epsilon  Cephei. 

CERES.     In  astronomy,  one  of  the  minor  planets.     See  Asteroids, 

CERIUM.  A  somewhat  rare  metal,  discovered  simultaneously  by  Klaproth  and  Hisinger, 
and  Berzelius.  It  is  almost  invariably  found  associated  in  nature  with  the  metals  lanthanum 
and  didymium,  and  for  many  years  after  its  discovery  the  so-called  cerium  compounds  were  m 
reality  mixtures  of  cerium,  lanthanum,  and  didymium.  Symbol  Ce.  Atomic  weight  46.  The 
metal  cerium  is  almost  unknown  in  the  separate  state  ;  its  separation  from  the  two  companion 
metals  is  difficult,  but  from  other  metallic  compounds  it  is  ei^y  effected.  Cerium  forms  two 
oxides,  a  cerous  or  protoxide  which  is  unstable,  and  the  ceroso-ccric  oxide,  Ce^Oj).  The  latter  is 
formed  when  oxalate  of  cerium  is  ignited  in  an  open  vessel,  and  is  a  yellowish  white  powder, 
which  becomes  orange  when  heated  but  gets  lighter  again  on  cooling.  The  most  definite  salts 
of  cerium  are  those  of  the  protoxide  ;  they  are  colourless,  have  a  peculiar  sweet  taste,  and  are 
acid  to  test  paper.  The  only  salt  of  present  interest  is  the  oxalate,  which  is  a  white  crystalline 
powder  insoluble  in  water,  produced  by  adding  oxaUte  of  ammonia  or  oxalic  acid  to  a  soluble 
cerous  salt.    This  salt  is  used  in  medicine. 

CETUS.  (The  Whale.)  One  of  Ptolemy's  southern  constellations.  It  is  figured  in  ancient 
charts  as  an  uncouth  sea-monstor,  between  whose  pawa  the  river  Eridanus  passes.    Within  the 
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limits  of  this  constellation  liea  the  remarkable  variable  star  Omicron  Ceti,  justly  named  Mira. 
(See  Start,  VariabU,)    The  constellation  is  of  great  extent,  and  over  the  larger  portion  nebulfio 
are  scattered  with  singalar  profusion. 
CHALCEDONY.    See  Quartz^ 

CHAMi£LEON.    (The  ChamoBleon,)    A  sonthem  constellation  fonned  by  Bayer.    I^  lies 
not  far  from  the  south  pole,  and  contains  few  conspicuons  stars. 
CHAFH.    (Arabia)    The  star  /3  of  the  constellation  Cassiopeia. 

CHARGE,  ELECTRia  A  body  electrically  excited  is  said  to  be  charged,  and  the  qnantity 
of  electricity  which  it  possesses  is  the  amomt  of  its  charge.  There  are  yarious  ways  of  producing 
this  state  of  excitement  or  charge,  which  are  described  in  the  proper  places:  thns  we  haye 
charge  by  conduction  and  charge  by  induction,  and  we  haye  the  chaiging  of  an  insulator  by 
friction,  and  in  other  ways ;  but  chaige^  whenever  it  is  produced,  conslBts  in  the  ei^ibition  of  a 
forced  or  polarised  state  on  and  about  the  body  charged.  Thus  '*,when  a  Leyden  jar  is  'duirge4^ 
the  particles  of  the  glass  are  forced  into  this  polarised  or  strained  condition  by  tiie  electricity 
of  the  chaiging  apparatus.  Discharge  is  the  return  of  these  particles  to  their  natural  state  from 
their  state  of  tension,  whenever  the  two  electric  forces  are  lUlowed  to  be  disposed  of  in  some 
other  direction."    (Faraday,  Exp.  Buearekes,  ser.  xi.) 

CHARGE,  FREE.  A  not  very  appropriate  term  used  to  denote  that  part  of  the  charge 
of  a  Leyden  jar  or  other  condenser  which  acts  inductively  towards  external  objects.  When  a 
Leyden  jar  is  chained,  there  are  two  forces  which  are  described  as  positive  and  native  eleo- 
tricity  in  the  two  coatings.  If  the  jar  be  uninsulated,  there  is  no  force  on  the  outside  coating 
acting  towards  external  otjede.  We  may  handle  it  or  examine  it  with  the  proof  plane,  or  wim 
a  sensitive  electroscope,  without  obtaining  any  indication  of  the  existence  of  electric  force.  In- 
duction IS  taking  place  through  the  glass  of  the  jar  towards  the  electricity  inside,  and  in  no 
other  direction.  On  the  inside  coating,  on  the  other  hand,  a  portion  of  the  electricity  is  acting 
inductively  through  the  glass  towards  tiie  outside  coating,  but  there  is  besides  a  certain  display  of 
force  towards  external  objects.  Henoe  we  are  able  to  obtain  a  charge  on  applying  the  proof 
plane  to  the  ball  of  the  Leyden  Jar.  The  portion  of  the  chaige  which  is  thus  diBcoverable  is 
called  ike  free  charge,  in  contradistinction  to  the  other  portion,  which  ia  said  to  be  dimmvlated. 
If  now  the  jar  be  insulated,  and  the  interior  be  touched,  the  free  portion  of  the  electricity  on  the 
inside  coating  is  removed.  A  portion  of  that  on  the  outside  now  becomes  ^ree — ^that  is,  begins 
to  manifest  itself  towards  external  objects,  and  can  be  detected  by  means  of  the  proof  plane. 
Faraday  very,  strongly  objects  to  the  use  of  the  term  free  charge  {Exp,  Retearchis,  ser.  xiv.), 
remarking  that  there  is  no  difference  in  the  mode  of  action  of  the  free  charge  and  of  the  <i£s> 
gimulaied  eUdricUy. 

CHARGE,  RESIDUAL.  When  a  Leyden  jar  or  battery  has  been  discharged  and  allowed 
to  stand  for  a  few  moments,  it  is  found  that  it  still  contains  electricity.  This  is  termed  the 
rendual  charge,  or  the  dectrie  reddue.  If  it  be  discharged  again,  a  second  residue  feebler  than 
the  first  may  be  observed  after  a  short  time,  and,  with  an  electroscope,  a  third  and  fourth  may 
frequentiy  be  detected.  The  amount  of  the  residue  depends  upon  the  intensity  of  the  initial 
ohuge,  and  on  the  length  of  time  that  the  jar  remained  charged.  The  residue  charge  is  duo  to 
what  is  tenned  dectrie  penetration.  The  electricity  with  which  the  jar  is  charged,  exerting 
upon  itself  a  powerful  repulsion,  rapears  by  d«preee  to  penetrate  into  the  body  of  an  insulating 
medium  such  as  glass.  When  sufiodent  time  is  allowed,  a  considerable  amount  may  thus  be 
forced  inwards.  On  discharging  the  jar,  the  influence  under  which  tlus  effect  was  produced  is 
removed,  and  the  electricity  gn^aUy  finds  its  way  out  of  the  glass  again.  The  phenomenon 
has  been  examined  in  the  following  way  : — ^A  plate  of  the  insulating  matter  is  furnished  with 
very  closely*fitting  metallic  coating  which  can  be  removed.  It  is  charged  and  left  for  a  certam 
time,  then  discharged,  and  the  ooathigs  removed.  On  examining  it  by  means  of  the  proof  plane 
and  electroscope,  it  is  found  that>  at  tiie  first  moment  after  the  discharge,  there  is  no  ekcfeiic^y 
on  the  surface  of  the  insulator,  but  that  by  degrees  it  appears,  each  side  being  electrified  wiHi 
the  same  electricity  which  its  coating  posse»ed.  Faraday,  who  studied  the  question,  found 
that  the  residue  was  greatest  in  the  case  of  paraffin,  then  came  shell-lac^  fit^^'A*  *z^  sulphnr^  in 
that  order. 

CHATTERTON'S  COMPOUND.  A  resinous  and  pitchy  mixture  used  in  making  the  in- 
sulator of  submarine  cables.  It  is  laid  on  in  alternate  layers  with  gutta  percha.  (See  CaJtle^ 
Submarine.)  ^^        - 

CHEMICAL  ACTION  OF  LIGHT.  Many  chemical  compounds,  espedally  those  of 
silver,  are  vidbly  altered  in  colour  by  moderate  exposure  to  diffused  day  or  sunlight.  It  has 
been  found  that  this  action  is  generally  a  reduction  to  the  metallic  state,  or  to  a  lower  state  o^ 
oxidation,  and  that  the  rays  of  light  wnich  produce  this  change  are  those  situated  at  the  most 
refrangible  end  of  the  spectrum.  {&ee  Actinism ;  Aetinometer;  Calotype;  Photography;  Chemi 
cat  reactions  produced  by  light;  FhotochemioalinducUon.) 
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CHEMICAL  ACTION  OF  SPECTKUM.     See  Actinism. 

CHEMICALLY  CLEAN.    Aoooiding  to  Mr.  Tomlinsoii,  a  body  is  chemically  dean,  the 
Borface  of  which  is  entirely  free  from  any  sabstanoe  foreign  to  its  own  oompodtion.     See 

Caiharism;  NudeuB.  

CHEMICAL  INTENSITY  OF  DAYLIGHT.    See  Daylight,  Actinic  IntensUy  qf, 
CHEMICAL  PHOTOMETER    See  Actinomder. 

CHEMICAL  RAYS,  ABSOLUTE  AND  COMPARATIVE  MEASUREMENT  OB. 
See  A  ctinonuter, 

CHEMICAL   REACTIONS  PRODUCED    BY   LIGHT.      Ptofeusor  TyndaU  has  ex- 
amined the  action  of  an  intense  beam  of  the  electric  light  on  the  attenuated  vapouiB  of 
Tolatile  liquids  [Proc.  R,  8.,  zvii,  p.  92).    His  method  of  proceeding  is  as  follows  : — ^A  tnbe, 
2*8  feet  long,  and  2*5  inches  internal  diameter,  was  closed  at  both  ends  by  glass  plates.    It  may 
be  connected  with  an  air  pump,  and  with  a  series  of  tubes  used  for  the  piuification  of  air.    A 
number  of  test  tubes  were  converted  into  Wolff's  bottles  by  means  of  corks  and  tubes.    Each 
test  tube  was  filled  partly  with  the  liquid  to  be  examined,  and  introduced  into  the  path  of  the 
purified  air.    When  the  experimental  tube  was  exhausted,  and  the  air  then  allowed  to  bubble 
through  the  liquid,  a  mixture  of  air  and  yapour  entered  the  experimental  tube  together,  and 
was  then  submitted  to  the  action  of  light.    At  one  end  of  the  experimental  tube  was  placed  an 
electric  lamp,  transmitting  an  intense  beam  of  light  through  the  tube  parallel  to  its  axis. 
When  the  vapour  of  amyUc  nitrite  was  allowed  to  enter  the  tube  in  the  dark,  and  the  beam  of 
light  was  then  sent  through  the  tube,  the  tube  appeared  for  an  instant  optically  empty ;  then  a 
sudden  shower  of  liquid  spherules  was  precipitated  on  the  beam.    On  repeating  Uiis  experiment 
with  a  condensed  beam  of  light,  forming  a  cone  8  inches  long,  the  cone,  which  was  at  first 
invisible,  flashed  out  suddenly,  like  a  lummous  spear.    The  rapidity  of  the  condensing  action 
diminished  with  the  density  of  the  light.    The  same  effects  were  produced  when  oxygen  or 
hydrogen  were  employed  as  carriers,  when  the  heat  of  the  beam  was  sifted  out  through  a  plate 
of  alum,  or  when  the  beam  was  used  without  sifting.     That  the  amylic  nitrite  undergoes 
decomposition  is  proved  by  the  formation  of  brown  fumes  of  nitrous  add.    Sunlight  produces 
similar  effects.    The  author  proves,  in  the  next  place,  that  the  decomposition  is  effected  by  the 
more  refrangible  rays  of  light,  and  that  liquid  amylic  nitrite  is  most  potent  in  arresting  the  rays 
which  affect  its  vapour.    Tlds  seems  to  show  that  the  absorption  takes  place  in  the  atoms,  and  not 
in  the  molecules.    The  author  anticipates  wide,  if  not  entire,  generali^  for  the  fact  that  a  liquid 
and  its  vapoiur  absorb  the  same  rays.    When  the  tube  is  filled  with  a  rare  and  well  mixed 
vapour,  the  electric  light  develops  a  blue  colour,  which  may  be  pure  and  deep,  or  milky,  accord- 
ing to  the  intensity  of  the  light.    Various  other  liquids  were  tried  with  success.    In  many  cases 
the  condensed  vapours  formed  extremely  beautiful  and  regularly  diaped  clouds,  the  partides 
rotating  around  tiie  axis  of  the  tube,  or  round  other  axes.      When  the  quantity  of  nitrite 
vapour  is  considerable,  and  the  light  intense,  the  chemical  action  is  exceedingly  nq»id,  the 
particles  precipitated  being  so  large  as  to  whiten  the  luminous  beam.    Not  so,  however,  when  a 
well  mixed  and  highly  attenuated  vapour  fills  the  experimental  tube.    The  effect,  now  to  be 
described,  was  obtiuned  in  the  greatest  perfection  when  the  vapour  of  the  nitrite  was  derived 
from  a  residue  of  the  moisture  of  its  liquid,  which  had  been  aoddentally  introduced  into  the 
passage  through  which  the  dry  air  flowed  into  the  experimental  tube.     In  this  case  the  electcic 
beam  traversed  the  tube  for  several  seconds  before  any  action  was  visible  ;  decomposition  then 
visibly  commenced  and  advanced  slowly.    The  partides  first  predpitated  were  too  small  to  be 
distii^fuiahed  by  a  hand  lens ;  and  when  the  light  was  very  strong,  the  cloud  appeared  of  a 
milky  blue.    When,  on  the  contrary,  the  intensity  was  moderate,  the  blue  was  pure  and  deep. 
In  Brilcke's  important  experiments  on  the  blue  of  the  sky,  and  the  morning  and  evening  red, 
pure  mastic  is  dissolved  in  alcohol,  and  then  dropped  into  water  well  stirred.    When  the 
proportion  of  mastic  to  alcohol  is  correct,  the  resin  is  predpitated  so  finely  as  to  elude  the 
highest  microscopic  power.    By  reflected  light  such  a  medium  appears  bluish,  by  transmitted 
light  yellowish ;  which  latter  colour,  by  augmenting  the  quantity  of  the  predpitate,  can  be 
caused  to  pass  into  orange  or  red  ;  but  the  envelopment  of  colour  in  the  attenuated  nitrite  oi 
amyl  vapour,  though  admitting  of  the  same  explanation,  is,  doubtless,  more  similar  to  what  takes 
plaice  in  our  atmosphere.    The  blue,  moreover,  is  purer  and  more  sky-like  than  that  obtained 
from  Brilcke's  turbid  medium.    The  results  obtained  with  hydriodic  acid  are  of  so  startling  and 
unprecedented  a  character,  that  we  consider  it  important  to  give  them  in  Professor  Tyndall's 
own  words,  as  follows : — **  1  have  seen  nothing  so  astonishing  as  the  effect  obtained,  on  the  28th  of 
October,  with  hydriodic  acid.     The  doud  extended  for  about  18  inches  along  the  tube,  and 
gradually  shifted  its  position  from  the  end  nearest  the  lamp  to  the  most  distant  end.    The 
portion,  quitted  by  the  doud  proper,  was  filled  by  an  amorphous  haze ;   the  decomposition, 
vhidi  was  progressing  lower  down,  being  here^  apparently,  complete.    A  spectral  cone  turned 
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its  spez  towards  the  distant  end  of  the  tube,  and,  from  its  circular  base,  fihny  drapeiy  seemed 
to  faJl.  Placed  on  the  base  of  the  cone  was  an  exquisite  vase,  from  the  interior  of  wUch  sprang 
another  vase  of  similar  shape ;  over  the  edges  of  these  vases  fell  the  faintest  douds,  lesembling 
spectral  sheets  of  liqidd.  From  the  centre  of  the  up]^r  vase,  a  straight  cord  or  cloud  passed  for 
some  distanoe  along  the  axis  of  the  experimental  tube;  and  at  each  side  of  this  cord  two 
involved  and  highly  iridescent  vortices  were  generated.  The  frontal  portion  of  the  cloud, 
which  the  cord  penetrated,  assumed  in  succession  the  forms  of  roses,  tulips,  and  sunflowers.  It 
also  passed  through  the  appearance  of  a  series  of  beautifully  shaped  bottles,  placed  one  within 
the  other.  Once  it  presented  the  shape  of  a  fish,  with  eyes,  gills,  and  feelers  The  light  was 
suspended  for  several  minutes,  and  the  tube  and  its  cloud  permitted  to  remain  undisturbed  in 
darkness.  On  re-igniting  the  lamp,  the  doud  was  seen  apparently  motionless  within  the  tube ; 
much  of  its  colour  had  gone,  but  its  beauty  of  f  onn  was  unimpaired.  Many  of  its  parts  were 
GEdculated  to  remind  one  of  Gassiot's  diBcharges ;  but  in  complexity,  and  indeed  in  beauty,  tiie 
discharges  would  not  bear  comparison  with  these  arrangements  of  doud.  A  friend,  to  whom  I 
showed  the  doud,  likened  it  to  one  of  those  jelly-like  marine  oiganisms,  which  a  film,  barely 
capable  of  reflecting  the  light,  renders  visible.  Indeed  no  other  comparison  is  so  suitable ;  and 
not  only  did  the  peHect  symmetry  of  the  exterior  suggest  this  idea»  but  the  exquisite  casing  and 
f  oldmg  of  film  within  film  suggested  ^e  internal  economy  of  a  highly  complex  organism.  The 
twonen  of  the  animal  form  was  displayed  throughout,  and  no  coil,  disk,  or  spedc  existed  on  one 
side  of  the  axis  of  the  tube,  that  had  not  its  exact  countezpart  at  an  equal  distance  on  the  other. 
I  looked  in  wonder  at  this  extraordinary  production  for  nearly  two  hours."  (See  Chemoal  Action 
cfJAghL) 

CHEMISTRY.  A  definition  has  been  named  a  metaphorical  word,  signifying  literally, 
«  laying  down  a  boundary,"  and  intended  to  explain  a  term,  so  as  to  Hpa/rate  it  from  everything 
else,  as  a  boundary  separates  one  fidd  from  another.  It  is  difficult  so  to  separate  chemistiy 
from  other  sdences  since  it  is  always  shifting  or  enlarging  its  boundaries  and  encroaching  upon 
other  sdences.  Not  that  definitions  of  chemistry  are  wanting,  for  they  are  almost  as  numerous 
as  the  dder  Handbooks  and  Treatises  on  the  Science.  The  very  term  itself  is  of  unknown  origin. 
It  is  probably  derived  from  AUhemy,  or  more  properly  Alrlcemy,  from  the  Arabic  word  Kyamon^ 
"  the  substance  or  constitution  of  anything."  Hence  Alkemy  is  the  knowledge  of  the  substance 
or  comporition  of  bodies ;  and  chemistry,  *'  the  wise  daughter  of  a  foolish  mother,"  is  derived 
£rom.AJkemy. 

But  chenustry  was  not  bom  wise :  she  had  to  pass  through  a  long  period  of  foolishness  before 
she  attuned  to  that  wisdom  which  now  exdtes  the  admiration  of  mankind.  Her  educators  had 
to  renounce  the  foolish  notions  of  the  parent,  and  endeavour  to  apply  the  idea  of  analysis  to 
matter  as  they^had  been  firom  an  early  period  to  words  ;  namely,  to  resolve  these  into  their  com- 
ponent letters,  that  into  its  simplest  forms.  Men  poss^sed  the  fundamental  ideas  of  dement  and 
wbtUxnot  long  before  they  learnt  to  express  them  clearly.  By  a  multiplication  of  facts  tiiey 
gradually  perodved  that  there  existed  a  peculiar  relation  of  the  dements  to  their  compounds ; 
but  tliey  were  dow  to  percdve  that  compounds  could  possibly  differ  in  properties  from  those  of 
the  dements  that  formed  them.  Their  notion  was  that  compounds  derive  their  properties  from 
their  elements  by  reufmUanct,  They  oould  not  concdve  an  add  body,  for  example,  not  to  con- 
fer add  properties  on  the  compound.  The  four  elements— ;/Sre,  air,  earth,  and  looicer^exlsted 
on  the  notion  that  bodies  were  hot  or  oolld,  dry  or  moist,  and  on  this  distinction  was  based,  during 
a  long  period,  the  practice  of  medicine.  Diseases  were  classed  as  ^  or  cold,  &c.,  and  the  remedies 
were  arranged  to  meet  this  view.  While  the  latro-chemists  (or  those  that  applied  their  sdence 
to  medicine)  were  thus  working,  innumerable  processes  in  the  useful  arts  contradicted  their  theoiy 
by  showing,  every  day,  how  useless  it  was  to  expect  to  find  in  compounds  the  resemblances  of 
their  components,  ^e  workers  in  metal,  the  tanner,  the  brewer,  the  vintner,  all  bore  testi- 
mony to  the  contrary  ;  and  it  was  not  until  the  idea  of  the  four  dements  was  superseded  by  the 
doctrine  of  the  Uiree  principUi,  salt,  sulphur,  and  mercury,  that  chemistry  began  to  advance,  and 
then  it  was  by  the  recognition  of  the  fact  that  compounds,  unlike  the  materials  used,  are  the 
result  of  the  union  and  the  separation  of  matter,  men  dowly  realized  the  idea  that  substances 
are  not  necessarily  Uke  what  they  make. 

But  the  teaching  of  the  ''foolish  mother"  still  lingered.  The  fanciful  idea  yet  prevailed, 
that  the  products  of  bodies  depend  on  the  forms  of  their  ultimate  partides,  such  as  round  or 
angular,  pointed  or  hooked,  straight  or  spiral.  The  partides  of  a  sweet  substance  were  supposed 
to  be  round  and  smooth ;  tiiose  of  an  add,  sharp  andjagged.  Even  the  philosophy  of  Descartes 
and  of  Gassendi  was  tainted  with  this  doctrine.  That  respectable  writer  L^ery  says,  that 
**  no  one  wiU  dispute  that  an  add  must  oonsiBt  of  shazp-pointed  partides,  which  prick  the  tongue 
like  anything  sluop  and  finely  cnt.  Moreover,  we  see  that  acid  salts  crystallise  into  edgesL 
These  add  points  enter  the  solid  matter  of  an  alkali  which  Is  adi^»ted  to  their  £onD|"  mndi,  we 


CHE  100  CHE 

may  rappoee,  as  the  sheath  is  adi^yted  to  the  sword.    Even  Dr.  Mead,  so  late  as  1 745,  refers 
to  the  lamells  or  blades  which  constitute  the  poisonous  effect  of  corrosive  sablimate. 

Another  idea,  which  has  retarded  the  progress  of  chemistiy,  refers  the  chief  force  in  the  for- 
mation of  compoTmds,  to  the  mechanical  attraction  of  the  elementa.  This  idea  arose  out  of  the 
Newtonian  philosophy.  Newton  himself  speaks  of  **  certain  forces  by  which  the  particles  of 
bodies,  through  causes  not  yet  known,  are  either  urged  towards  each  other'  and  cohere,  accord- 
log  to  regular  figures,  or  are  repelled  and  recede  from  each  other.  When,  for  example,  salt  of 
tartar  runs  per  ddiquium  [deliquesces],  is  not  this  done  hr  an  attraelion  between  the  particleB 
of  tiie  salts  and  the  particles  of  the  water  which  float  in  the  air  in  the  fonn  of  vapours  ?  And 
why  does  not  common  salt;  or  saltpetre,  or  vitriol,  run  per  ddiquiunij  but  for  want  of  such  an 
attraction !"  Other  cases  are  given  by  the  same  great  authority  to  show  that  chemical  combi- 
sations  act  by  a  mechanical  attraction  of  particles.  Many  of  Newton's  disciples,  unmindful  of 
the  cautious  habits  of  thought  of  the  master,  pushed  this  notion  bevond  the  limits  of  sound 
theory,  and  explained  the  formation  of  compounds  as  the  mere  mechanical  attraction  of  par* 
tides,  forgetting  that  this  is  quite  inadequate  to  explain  changes  of  colour,  transparency,  tex- 
ture, taste,  odour,  ftc.,  due  to  small  changes  in  the  ingredients.  Thus,  in  a  work  dedicated  to 
Newton,  Dr.  Frend,  in  17 10,  adopts  the  mechanical  idea  of  attraction  in  the  fonnation  of  all 
oompounds.  '*  That  force  of  attraction,"  he  says,  "  of  which  you  first  so  successfully  traced  the 
influence  in  the  heavenly  bodies,  operates  in  the  most  minute  corpuscles,  and  this  force  we  are 
only  just  beginning  to  perceive  and  to  study."  But  Newton  (as  if  antidpating  the  modem  fic> 
tion  of  Frax&enstein)  was  startled  at  the  effects  of  Ids  own  work,  for  he  says,  "  The  parts  of  all 
homogeneal  hard  bodies  which  fully  touch  each  other  stick  together  very  strongly ;  and  for  ex- 
plaining how  this  is,  some  have  invented  hooked  atoms,  which  is  begging  the  question."  For, 
he  would  ask,  how  do  the  parts  of  the  hook  cohere  f 

As  time  advanced,  it  was  seen  that  no  mechanical  force  can  account  for  changes  of  colour, 
texture,  odour,  &o. ;  that  bodies  cannot  consist  of  elementary  particles  exerting  forces  of  the 
same  nature  as  the  central  forces  considered  in  mechanics.  It  was  admitted  that  the  force 
which  produces  combination  is  a  peculiar  principle,  a  special  relation  of  the  elements,  not  cor- 
rectly expressed  in  mechanical  terms.  This  peculiar  principle  was  named  Affinity ^  which  signi- 
fies a  disposition  to  combine — to  form  an  alliance  similar  to  that  of  marriage — accompanied  by 
the  further  idea,  that  where  there  is  marriage,  divorce  (analysis  or  separation)  is  possible.  This 
was  clearly  shown  bv  Mayow  as  early  as  1674.  He  proved  that  where  opposite  elements,  such 
as  an  acid  and  an  alKali  combine,  their  properties  disappear,  and  a  new  substance  is  formed  not 
resembling  the  ingredients.  He  says,  *'  Al&ough  these  salts  thus  mixed  i^pear  to  be  destroyed, 
it  is  still  possible  for  them  to  be  separated  from  each  other  with  their  powers  still  entire."  He 
clearly  points  out  the  twojrreat  chemical  processes — Analytii  and  SynthetU.  He  also  showed 
that  afi^ty  is  eUetive,  "  I  have  no  doubt,"  he  says,  '*  that  fixed  salts  choose  one  add  rather 
than  another,  in  order  that  they  may  coalesce  with  it  in  a  more  intimate  union." 

The  next  idea  that  greatly  promoted  the  advance  of  chendstiy  was,  that  affinity  is  d^/inUe  as 
to  quantity.  Rouelle,  in  1742,  speaks  of  salts  with  excess  either  of  acid  or  of  base,  and  of  per- 
fectly neutral  salts.  When  the  balance  became  part  of  the  necessary  furniture  of  every  labo- 
ratory, it  Vas  found  that  the  proportional  weights  of  the  ingredients  of  every  neutral  compound 
were  always  the  same,  as  was  shown  by  Wenzel  in  1777.  The  same  idea  was  taken  up  by 
Bichter  in  1792,  and  led  to  the  Atomte  Theory  of  Dalton  in  1803. 

Did  the  nature  of  this  work  admit  of  long  articles,  we  might  go  on  to  show  how  chemistiT 
advanced  by  the  confirmation  of  definite  ideas  as  to  the  indestructibility  of  matter,  and  on  su(£ 
important  prindples  as  that  a  body  is  equal  to  the  sum  of  its  elements  ;  that  chemical  compo- 
sition determines  physical  properties.  We  should  also  have  to  mark  such  eras  in  the  sdence  as 
the  discovery  of  oxygen  gas,  and  the  destruction  of  the  phlogiston  hypothesis,  the  discovery  of 
the  composition  of  water,  and  the  foundation  of  pneumatic  chemistry. 

It  would  not  be  possible  to  pursue  this  mere  indication  of  the  progress  of  chemistry  without 
encountering  details  of  sufficient  extent  and  importance  to  fill  a  volume.  Hence  it  will  not  exdte 
surprise  that  modem  writers  of  handbooks,  &e.,  on  chemistry  do  not  attempt  to  define  the  sdence, 
but  prefer  to  state  its  objects.  These  are  given  in  Professor  Miller's  Elements  in  the  following 
terms : — *'  i.  To  resolve  matter  into  its  simplest  components.  2.  To  ascertain  the  properties 
of  these  simple  or  elementsiy  forces  of  matter.  3.  To  combine  two  or  more  of  these  elementary 
bodies  with  each  other,  so  as  to  form  compounds.  4.  To  study  the  properties  of  these  com- 
pounds ;  and,  5.  To  define  the  conditions  under  which  such  compounds  can  exist."  These 
objects  are  embraced  by  pure,  theoretical^  or  philosophical  cLemistxy.  This  again  may  be  divided 
into  orffanic  and  inorgante  chemistry,  and  the  former  into  arUnud  or  vegetable  chemistry,  and 
the  latter  into  metallurgies  agricvltural,  medical,  &c.,  cheniistry. 
>    Chemistry  also  partakes  of  the  nature  of  an  af4  aa  well  aa  a  sdence,  when  it  puts  forward 
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certain  rules  and  mechanical  methoda  for  effecting  the  objects  above  enumerated.  This  is  prao- 
Had  chemistzy.  We  also  speak  of  synthetical  chemistry,  which  treats  of  the  union  of  bodies 
into  'well-defined  compounds  ;  analytical  chemistry,  wblch  (i)  detects  the  several  constituents 
of  a  component  body,  and  (2)  estimates  their  quantities  ;  (i)  being  termed  quaHtoHve^  and  (2) 
quantUoMve  analyns.  There  is  a  branch  of  analytical  diemistiy  known  as  assaying  or  dociTnacy^ 
which  is  the  art  of  detecting  and  estimating  the  precious  metals  in  their  various  compounds. 
Applied  chemistry  is  the  application  of  chenmial  principles  to  the  various  substances  used  in  ordi- 
nary life,  such  as  pharmaceutical  chemistry,  which  relates  to  the  preparation  of  substances  used 
in  medicine ;  technical  chemistry,  which  relates  to  arts  and  mani^actures,  and  this  admits  of  a 
lar^e  number  [of  subdivisions,  tiie  chemistry  of  glass-making,  dyeing,  the  smelting  of  metals, 
soda-making,  &c.  ftc,  requiring  special  knowledge  of  particular  branches  c^  this  vast  science. 
CHEMISTRY  OF  SOILS.    See  Soils,  Chemistry  of. 

CHEVAL-VAPEUR.  The  French  imit  by  which  rates  of  work  of  machines  are  compared. 
One  such  unit  represents  the  work  performed  in  raising  seventy-five  kilogrammes  through  one 
metre  in  a  second.  It  is  nearly  equivalent,  therefore,  to  the  English  "horse-power,"  the  latter 
being  33,000  foot-pounds  per  minute,  and  the  former  nearly  32,500  foot-pounds  per  minute. 
(See  Foot-pound;  KHogrammetre ;  and  fforstpower.) 

CHEYKEUL'S  CHROMATIC  CIRCLE.  This  consists  of  a  series  of  seventy-two  tints 
passing  gradually  into  one  another,  and  each  modified  by  twenty  shades  varying  from  ahnost 
white  to  ahnost  black.  The  whole  diagram,  therefore,  consists  of  1440  colours,  and  by  referring 
to  these  by  number  some  approach  towards  a  standard  nomenclature  of  colour  may  bo  obtained. 
The  name  is  from  that  of  the  French  savant  who  first  devised  it.  See  Watt's  Dictionary  of 
Chemdstry,  article  Lights  page  652.  Also  Guillemin's  Phenom^nca  de  la  Physique, 
CHILE  SALTPETRE.    See  Nitrates;  Nitrate  of  sodium. 

CHIMES,  ELECTRIC.  An  electric  toy  used  for  illustrating  attraction  and  repulsion.  It 
consists  of  three  small  bells  suspended  in  a  row  from  a  brass  rod.  The  two  extreme  beUs  are 
suspended  by  means  of  brass  chains,  the  middle  one  by  a  silk  thread.  Thus  when  the  brass  rod 
is  hung  by  a  hook  from  the  prime  conductor  of  the  machine  the  extreme  bells  are  in  connection 
'  with  t£e  prime  conductor  and  the  middle  one  is  not.  A  chain  is  brought  from  the' earth  to  the 
latter.  Between  the  bells  are  two  little  brass  balls  hung  by  silk  thr^uis  in  the  same  line  with 
them.  When  the  machine  is  turned  the  extreme  bells  ard<chaiged ;  they  attract  the  brass  balls 
which  swing  toward  them  and  strike  against  them.  On  doing  so  the  ludls  become  charged  by 
contact  and  are  then  repelled  by  the  extreme  bells  and  attracted  by  the  bell  connected  with  the 
earth  and  swinging  up  against  it  they  discharge  themselves,  then  back  again  to  the  extreme 
bells,  and  so  on,  ringmg  the  bells  all  the  time. 

CHLABNI'S  FIGURES.  These  are  the  figures  formed  by  sand  which  is  strewn  upon  a 
horizontal  plate  clamped  at  one  point  and  set  in  vibration  by  a  violin  bow.  The  formation  of 
the  figure  u  an  immediate  consequence  of  the  formation  of  nodal  lines  or  lines  of  rest.  If  the 
plate  be  square  and  clamped  in  the  middle,  the  lowest  or  fundamental  note  is  produced  when 
the  plate  vibrates  in  four  segments.  If  the  finger  be  lightiy  placed  at  one  comer  and  the  bow 
be  drawn  across  the  edge  at  the  centre  of  one  of  the  adjacent  sides,  the  only  lines  of  rest  will  be 
the  two  diagonals.  These  will  divide  the  square  into  four  segments,  of  which  the  two  opposite 
ones  are  always  in  the  act  of  ascending  or  descending  together,  while  the  neighbouring  segments 
are  so  related  that  when  one  is  going  up  its  neighbours  are  going  down,  and  vice  versa.  The 
particles  of  sand  are  tossed  about  as  long  as  they  are  upon  the  moving  segments,  but  when  they 
fall  upon  the  nodal  lines  (in  this  case  the  diagonals)  they  remain  at  rest.  The  result  is  that  the 
sand  quickly  accumulates  on  these  lines.  A  square  plate  may  also  be  made  to  vibrate  in  four 
segments  by  touching  the  centre  of  one  of  the  sides  with  the  finger  and  drawing  the  bow  across 
the  comer.  The  nodal  lines  in  this  case  are  the  two  straight  lines  joining  the  centres  of  the 
opposite  sides.  If,  in  either  of  the  above  cases,  the  finger  being  placed  as  before,  the  bow  be 
drawn  more  lightly  and  rapidly  it  is  possible  to  make  the  plate  sound  the  higher  octave.  This 
is  immediately  cnuubited  by  the  nodal  lines,  four  curved  fresh  lines  not  crossing  the  original 
ones  being  produced,  so  that  the  whole  plate  is  divided  into  eight  segments.  By  varying  the 
points  at  wUoh  the  finger  is  placed  and  the  bow  drawn  a  countless  variety  of  figures  of  great 
beauty  may  be  produced.  The  number  may  be  further  increased  by  varying  the  point  at 
which  the  plate  is  clamped.  In  all  cases,  the  point  touched  by  the  finger,  and  aU  symmetrically 
situated  points,  are  the  extremities  of  nodxJ  lines,  while  the  point  scraped  by  the  bow  and  all 
symmetrically  situated  points  are  in  maximum  vibration.  The  relation  between  the  pitch  of 
w  note  and  the  number  of  segments  in  which  the  plate  is  divided  is  well  sho^n  by  means  of  a 
circular  dish  clamped  in  the  centre.  If  the  finger  and  bow  are  one-eighth  of  the  circumference 
apart  the  segments  are  four  in  number  and  the  fundamental  note  is  produced.  If  the  distance 
between  the  two  ii  one-aixteeinth  of  the  drcumf erenoe  the  higher  octave  is  produced  and  so  on. 
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Circular  segmeiitB  may  be  obtained  by  clamping  the  drcnlar  disk  eccentrically,  making  a  hole 
in  its  centre  and  drawing  a  few  horse  hairs  through  it.  The  point  where  the  plate  is  clamped 
will  be  a  point  on  the  nodal  circle.  The  same  effect  may  be  shown  in  a  more  striking  manner 
by  fastening  a  rod  of  wood  or  brass  to  the  centre  of  the  disk  and  (holding  the  rod  in  the  middle) 
setting  it  in  longitadinal  vibration  by  rabbing  it  with  resined  leather.  Sand  strewn  on  the 
disk  will  arrange  itself  in  the  rings  of  nodal  lines  which  will  be  more  nTimerons  the  shorter  is 
the  rod.  Sand  figures  produced  in  any  of  these  ways  can  be  rendered  permanent  by  tnns- 
ferring  them  to  blackened  paper,  the  surface  of  which  has  been  moistened  with  gum.  If  iron 
filings  are  used  instead  of  sand,  they  may  be  exposed  to  the  vapour  of  nitro-hydrochloric  add 
until  some  perchloride  of  iron  is  formed,  then  a  piece  of  white  paper  moistened  with 
ferro-cyanide  of  potassium  is  pressed  upon  them;  the  filings  print  tnemselves  in  PrussiaQ 
blue. 

CHLORAL.  (So  named  to  in£cate  its  origin  from  chlorine  and  alcohol.)  A  colourless  oily 
looking  fluid  of  a  peculiar  penetrating  odour,  soluble  in  alcohol,  water,  and  ether.  It  is  pre- 
pared by  passing  dry  chlorine  into  anhydrous  alcohol ;  a  copious  evolution  of  hydrochloric  add 
takes  place,  and  chloral  (C^ClsHO)  is  formed.  When  a  sxnall  quantity  of  water  is  added  to 
chloral,  they  unite,  forming  a  crystiUine  compound  of  considerable  stability  in  the  air.  When 
chloral,  or  its  hydrate,  is  mixed  with  a  caustic  alkali,  it  is  immediately  decomposed  into  a 
formeate  and  chloroform.  Kept  in  the  anhydrous  state  for  a  few  days,  chloral  gradually 
changes  to  a  white  mass  like  porcelain,  without,  however,  any  alteration  in  chemical  oomposi" 
tion.  Hydrate  of  eJdoral  ia  of  considerable  value  in  medicine,  as  it  is  a  very  powerful  hypnotic, 
rapidly  producing  sound  and  refreshing  sleep,  whilst  it  does  not  appear  to  be  followed  by 
injurious  reaction. 

CHLORIC  ACID.    See  Chlorine, 

CHLORIDE  OF  LIME.    See  ChUyrine,  ffypochloriUB, 

CBULiORINE.  {x\<apoSf  green.)  A  yellowish  green  gas,  of  a  very  pungent  and  suffocating 
odour.  Specific  gravity  about  T$  ;  atomic  weight  35*5  ;  symbol  Cl  When  condensed  by  a 
pressure  of  four  atmospheres  it  becomes  a  yellow  liquid  of  spe<^c  gravity  I  '33.  The  gas  dissolves 
in  half  its  volume  of  water,  forming  a  faint  yellow  solution,  with  the  peculiar  smell  of  chlorine. 
When  passed  into  water  which  is  near  the  freezing  point,  a  Hydrate  of  chlorine  (CL5H3O) 
separates  in  crystals.  In  its  chemical  properties  chlorine  is  very  energetic,  uniting  directly  with 
many  other  elements,  sometimes  with  incandescence,  as,  for  instance,  with  phosphorus,  arsenic^ 
antimony,  &c. ;  and  also  with  many  organic  compoxmds,  its  prindpal  action  being  to  unite  with 
hydrogen  to  form  hydrochloric  add.  Its  affinity  for  hydrogen  is  one  of  its  strongest  character* 
istics  ;  it  decomposes  water  with  separation  of  oxygen,  and  thus  indirectly  acts  as  a*  powerful 
oxidising  agent ;  hence  chlorine  is  of  great  value  in  destroying  organic  colouring  and  other 
matters,  and  also  as  a  bleaching  agent  and  disinfectant.  Chlorine  is  prepared  by  oxidising 
hydrocldoric  add,  by  heating  it  with  binoxide  of  manganese.  The  compounds  of  chlorine  are 
very  numerous  and  important ;  those  which  are  not  described  below  will  be  found  under  the 
name  of  the  other  element  of  the  compound. 

The  oxygen  compounds  of  chlorine  are  Hypochlorous  add,  Chlorous  acid,  Chloric  aeidf 
Perchloric  add,  besides  other  oxides  of  unimportant  properties,  and  less  definite  compositioiL 

Hypochloroue  Add,  a  pale  reddish  yellow  gas,  with  an  odour  strongly  resembling  that  of 
chlorine.  Formula  Cl^O ;  when  slightly  heated  it  decomposes  with  explosion ;  it  dissolves  in 
water,  forming  a  yellowish  solution,  with  an  acid  reaction ;  it  possesses  strong  bleaching 
properties,  and  unites  with  bases  to  form  salts.  Three  of  these,  the  caldum,  sodium,  and  potas- 
sium salts  are  of  great  use  as  bleaching  substances  and  disinfectants. 

Hypochlorite  of  Caldum  (ClCaO),  known  as  chloride  of  lime,  A  dry  white  powder,  of  a 
peculiar  chlorous  smell,  and  strong  bleaching  and  disinfectmg  properties,  somewhat  soluble  in 
cold  water,  but  decomposing  when  heated.  It  is  formed,  on  the  huge  scale,  by  passing  chlorine 
gas  over  slaked  lime  to  saturation. 

Hypochlorite  of  Sodium.  The  oompoimd  known  under  this  name  is  a  mixture  of  hypo- 
chlorite and  chloride  of  sodium  ;  it  is  prepared  by  passing  chlorine  gas  through  caustic  soda,  or 
by  decomposing  chloride  of  lime  (Hypochlorite  of  ciUdum)  with  carbonate  or  sulphate  of 
sodium. 

Hypochlorite  of  Potasnum,  or  Eau  de  Javdle,  is  prepared  in  a  similar  manner  to  the  above ; 
it  is  abo  similar  in  composition  and  properties.  The  hypochlorites  of  magnesium,  aluminium, 
and  2dnc  have  also  been  proposed  for  use  as  bleaching  agents. 

Chlorous  Add  (Cl^Og)  is  a  yellowish  green  gas,  very  similar  to  hypochlorous  add ;  it  forms 
salts  with  bases,  but  they  are  unimportant. 

Chloric  Add  (HClOs).  A  colourless  syrupy  liquid,  strongly  add,  and  very  powerful  aa 
an  oxidising  and  bleaching  agent.    With  bases  it  forms  well-defined  salts,  which  are  decomposed 
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by  heat  with  evolution  of  oxygen,  and  detonate  when  heated  with  oombnstible  bodies ;  the  most 
important  of  these  are  the  following : — 

Chlorate  of  Barium  (BaClOs).  This  fanna  large  prismatic  colonrless  crystals,  which  decrepi- 
tate and  mdt  when  heated  to  a  temperature  approaching  redness ;  the  salt  is  readily  soluble  in 
water ;  it  is  much  used  in  pyrotechny,  as  it  produces  an  intense  green  light  when  it  is  heated 
with  sulphur  or  other  combustibles. 

Chlorate  of  Potassium  (KClOg).  A  salt  which  crystallises  in  large  six-sided  plates,  quite 
permanent  in  the  air,  and  soluble  in  water ;  when  heated  it  fuses,  evolving  oxygen,  and  leaving 
a  residue  of  diloride  of  potassium.  It  is  largely  used  in  laboratories  as  a  source  of  oxygen  gas. 
When  mixed  with  combustible  substances  such  as  sulphur,  antimony,  or  phosphorus,  and  struck 
with  a  hammer,  the  mixture  detonates ;  when  mixed  with  some  other  combustibles,  and  touched 
with  a  drop  of  concentrated  sulphuric  acid,  the  whole  ignites  with  a  bright  flash ;  when  added  to 
strong  sulphuric  acid,  gaseous  peroxide  of  chlorine  is  given  off,  which  ignites  combustible  bodies ; 
when  heated  with  strong  nitric  add,  a  mixture  of  chlorine  and  oxgyen  is  evolved,  and  with 
strong  hydrochloric  add,  a  mixture  of  peroxide  of  chlorine  and  chlorine.  Chlorate  of  potassium 
is  largely  used  as  an  oxidising  agent  in  the  laboratory,  and  in  some  manufacturing  operations,  in 
calico  printing,  for  instance ;  and  it  is  also  used  in  the  manufacture  of  ludf er  matehes,  fireworks, 
and  percusdon  caps. 

Ferehlorie  Acid  (HGIOJ.  In  the  pure  state  this  is  a  colourless  oily  liquid,  very  volatile, 
and  easily  decomposed.  Specific  gravity  1782.  It  is,  perhaps,  the  most  powerful  oxidising 
agent  known;  a  single  drop  brought  in  contact  with  charcoal,  or  other  combustible  body, 
induces  combustion  with  explodve  violence.  It  unites  energetically  with  water,  forming  a 
hydrate  (HCIO^H^O),  a  white  solid  crystalline  substance  melting  at  $0"*  C.  (122°  F.)  This  is 
almost  as  violent  in  its  oxidising  powers  as  the  anhydrous  add.  Perchloric  add  unites  with 
bases  to  fonn  well  defined  salts,  which  are,  for  the  most  part,  very  soluble  in  water ;  the  only 
one  which  need  be  mentioned  is  Perchlorate  of  Fotauium.  This  is  formed  by  carefully  heating 
chlorate  of  potasdum  to  a  litUe  above  its  fusing  point ;  after  a  short  time  oxygen  ceases  to  oome 
off,  and  the  liquid  mass  becomes  pasty.  From  this,  perchlorate  of  potasdum  is  obtained  by 
cvstallisation ;  it  is  sparingly  soluble  in  cold  water,  and  decomposes  at  a  dull  red  heat  into 
diloride  of  potasdimi  and  oxygen. 

CMorhydric  Add  (HCL)    See  Hydrocldoric  Add. 

Chlorides.  Chlorine  unites  with  ahnost  every  other  element,  and  with  numerous  organic 
compounds,  such  as  organo-metallic  radicals,  alcohol  radicals,  aldehyd  radicals,  and  add  radicals. 
All  chlorides,  which  are  of  importance,  will  be  found  described  imder  their  respective  names ; 
those  of  the  metals  being  given  under  their  headings. 

CHLOBINE,  SPECTBUM  OF.  The  absorption  lines,  produced  by  the  passage  of  the  solar 
light  throueh  chlorine,  have  been  examined  by  Morren,  {Comptes  JUndus^  Ixviii,  p.  376).  He 
has  found  ^t  by  employing  a  spectroscope  of  five  prisms  of  highly  disperdve  flint  gUws,  absorp- 
tion lines  are  distinctiy  viable  in  the  spectrum  of  light  which  has  traversed  a  tube  filled  with 
chlorine,  two  meters  in  length.  The  lines  begin  to  1^  viable  in  that  part  of  the  spectrum  near 
B.  They  vary  in  intendty,  fineness,  and  mode  of  grouping,  and  exhibit  some  slight  free  spaces. 
They  have  no  regular  order,  and  extend  beyond  the  ray  F,  towards  the  ray  21 10  of  Kirchhoff*B 
scale.  In  this  last  portion  they  are  very  numerous,  and  almost  equidistant.  The  solar  spec- 
trum proper  continues  vidble  as  far  as  2210,  but  after  that  the  light  is  completdy  absorbed* 
Chlorine  therefore  absorbs  the  coloured  portion  of  the  spectrum  where  the  diemical  rays  are 
most  abundant.    (See  Spectrum,) 

CHLOBOCHBOMIC  ACID.    See  Chromium. 

CHLOBOCODIDE.  By  acting  on  oodda  with  a  great  excess  of  hydrochloric  acid  at  a  high 
temperature  apomorphia  is  produced,  but  by  a  modification  of  the  experiment  Messrs  Matthiessen 
and  Wright  obtained  a  luue  which  they  call  chorocodide,  of  the  oompodtion  CisH^oClNOs. 
It  has  no  marked  phydological  action.     (Proc.  B.  S.  xviiL,  p.  83.) 

CHLOBOFOBM,  or  Perehloride  of  Formyl,  A  transparent,  colourless  oOy  liquid,  which  boili 
at  Ci"*  C.  (142''  F.),  and  distils  without  change.  Specific  gravity  1*49.  The  odour  is  pleasant 
and  ethereal,  and  when  inhaled  the  vapour  rapidly  produces  unconsdousness  and  insendbility  to 
pain ;  on  this  account  chlorofoim  is  extendvdy  used  as  an  anesthetic  in  surgical  operations. 
Chloroform  b  dightiy  soluble  in  water,  and  mixes  in  all  proportions  with  alcohol  and  ether. 
It  dissolves  phos^orus,  sulphur,  iodine,  and  many  organic  bases.  The  formula  of  chlorofonn  ia 
CHClg ;  it  is  prepared  on  the  large  scale  by  distilling  bleaching  powder  (hypochlorite  of  lime) 
with  tJcohoL  ^^ 

CHLOBOPHTLL.  The  green  colouring  matter  of  leaves.  In  the  purest  state  in  which  it 
has  been  obtained,  it  is  a  danc  ^reen  powder  unaffected  by  any  heat  below  200*  C.  (392^  F.)» 
insoluUe  in  water,  slightiy  soluble  in  ether,  and  more  so  in  alcohol.    Adds  and  alkalies  dissolve 
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it.  The  formula  has  not  been  satisfiEMstorily  determined.  Some  observen  consider  that  it  con- 
tains iron,  and  has  some  resemblance  to  the  oolouing  matter  of  the  blood ;  others^  howerer,  do 
not  admit  this. 

CHLOROPLATINATES.  Componnds  of  platinic  chloride  and  other  chlorides  are  called 
ehloroplatinates.  These  double  salts  nsaaQy  crjBtallise  with  great  facility,  and  are  difficultly 
soluble  in  water.  The  ehloroplatinates  of  organic  bases  are  usually  employed  for  the  purpose  of 
fixing  their  composition,  as  they  are  prepared  and  purified  with  great  facility,  and  on  ignition 
leave  pure  platinum.     The  following  ehloroplatinates  deserve  mention  : — 

ChJUmyplatinate  of  Ammcmium  (NH4)]Pt01^.  This  is  a  lemon-yellow  powder,  ahnost 
insoluble  in  water,  which  is  precipitated  when  chloride  of  ammonium  is  added  to  platinic 
chloride.    On  ignition  it  leaves  spongy  platinum. 

ChloropUUincUe  of  Potassium,  KsPtCl^  much  resembles  the  ammonium  salt.  It  is  very 
sparingly  soluble  in  water. 

The  OhloroplaiinaUa  of  Ccnium  and  Rubidium  have  similar  composition  to  the  above,  and 
are  still  less  soluble  in  water.  An  aqueous  solution  of  chloroplatinate  of  potassium  is  sometimes 
used  as  a  test  for  the  presence  of  both  rubidiimi  and  caesium. 

ChloroplaHnate  of  Sodium  is  easily  soluble  in  water,  and  crystallises  in  light  yellow  prisms. 
Platinic  chloride  is  used  in  quantitative  analysis  as  a  means  of  separating  potassium  from 
sodium. 

CHOKE  DAMP.     See  Carbon,  Carbonic  Acid, 

CHOLESTERIN.  A  fatty  substance  extracted  from  gall  stones ;  it  occurs  in  bile,  blood, 
brain,  yolk  of  egg,  fta  It  is  a  white,  tasteless,  inodorous  substance,  crystallising  in  pearly 
scales,  insoluble  in  water,  but  easily  so  in  hot  alcohol,  from  which  it  separates  in  crystals  on 
cooling.  Formula  Cj^H^O.  It  melts  at  i^f  C.  (279*  P.),  and  distils  at  20o'^  O,  {392'  P.) 
without  alteration. 

CHORD.  In  muaio  the  union  of  two  or  more  sounds  produced  at  the  same  time  in  conse- 
quence of  the  recurrent  coincidence  at  short  intervals  of  their  constituent  vibrations.  (See 
Ilarrtumy.) 

CHOROID  COAT,  (xo/xokc,  membrane,  and  c(9of,  form.)  A  delicate  membrane  lining  the 
inner  surface  of  the  sclerotic  coating  of  the  eye.     (See  Eye.) 

CHROMATES.  Combinations  of  chromic  acid  with  bases  are  called  ehromates  ;  the  most 
important  are  the  following  : — 

Chromaie  of  Barium  (^CrO^).  A  pale,  yellow  powder,  insoluble  in  water  ;  sometimes  used 
as  a  pigment. 

Chromate  of  Lead  (PbCrO*.) — ^This  is  found  native  in  translucent  reddish  yellow  crystals, 
known  under  the  name  of  red  lead  ore;  Artificially  prepared  it  is  a  yellow,  insoluble  powder, 
which  varies  in  shade  according  to  the  mode  of  proparation,  and  is  much  used  as  a  pigment  under 
the  name  of  Chrome  Tdlow.  A  basic  chromate  of  lead  (Pb^CaPbCrO]),  is  also  prepared  as 
a  pigment  by  heating  the  neutral  chromate  with  alkalies.  It  is  of  a  deep  orange-red  colour, 
and  is  known  as  Chrome  Bed. 

Chromaks  of  Potamum. — ^These  are  prepared  on  the  large  scale,  and  are  much  used  in  the 
arts  and  manufacturos.  The  neutral  or  yellow  chromate  of  potassium  forms  six-sided  pyramids 
of  a  pale  lemon-yellow  colour,  soluble  in  about  twice  its  weight  of  cold  water,  much  moro  so  in 
hot  water,  and  insoluble  in  alcohoL  Add  chromate  of  potassium  (Ef0.2Cr,0,),  known  also 
as  Bichromate  of  Potash  or  Bed  ChromaU  of  Potash,  Czystallises  in  rich  red  prisms,  which  are 
permanent  in  the  air.  It  dissolves  in  ten  times  its  weight  in  cold  water,  and  in  less  of  hot.  At 
a  little  below  redness  it  melts,  and  on  cooling  solidifies  without  alteriqg  in  composition.  It  is  a 
powerful  oxidising  agent,  and  is  largely  employed  in  dyeing  and  calico  printing,  and  in  the 
preparation  of  colour^  pigments. 

Chromate  of  Silver  (AgCrO,),  a  scariet  insoluble  powder,  precipitated  when  a  soluble 
chromate  is  added  to  nitrate  of  silver. 

CHROMATIC  CIRCLE,  CHEVREUL'S.  {xpufMriKos—xfiWfUL,  colour;  x/««»w/ta,  to  stain.) 
See  ChevreuTs  Chromatic  Circle. 

CHROMATIC  DYNAMOMETER.    See  Dynamometer^  Chromatic. 

CHROMATICS.  That  branch  of  the  science  of  optics  which  relates  to  colour.  The  spec- 
tram  is  a  chromatic  scale  <tf  colour. 

CHROMATOSCOPE.    See  SdnHOation. 

CHROME  ALUM.    See  Mum. 

CHROME  IRON  ORE.     See  Chromium. 

CHROME  RED.    See  C%roma^,  Chromate  of  Lead. 

CHROME  YELLOW.     See  Chromaies,  ChromcOe  of  Lead. 

CHROMIUM,    {xjwiia,  colour.)    A  metallio  element  discovered  by  Yaaquelin.    Symbol 
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Cr.  Atomic  weight  26*2.  It  is  almost  nnknown  in  the  metallic  state.  Its  compounds  are 
remarkable  for  their  nmnerons  and  brilliant  colours,  whence  its  name.  The  most  abxmdant 
native  oompoimd  is  chrome  ircn  ore,  a  combination  of  oxides  of  iron  and  chromium,  of  the 
fozmnla^  when  pore,  Fe^O  0409.  Ghromimn  forms  several  oxides,  the  ftrotoxide,  Crfi ;  the 
tesquMxide,  0461 ;  chromic  aSsid^  Otfi^ ;  and  perchromic  add,  Gr^Or.  llie  protoxide  is  very 
unstable  and  forms  salts  which  are  but  little  known.  The  sesqnioxide  in  the  anhydrous  state  is 
a  dark  green  powder,  sometimes  in  rhombohedral  crystals.  When  gradually  heated  it  suddenly 
becomes  incandescent  and  is  then  almost  insoluble  in  acids.  In  the  hydrated  state  it  is  a 
lighter  green  powder,  soluble  in  fixed  caustic  alkalies,  forming  a  green  solution,  and  repre^ 
dpitated  on  boiling ;  it  is  aJso  soluble  in  acids.  The  amount  of  water  it  contains  depends  on 
the  manner  of  preparation.  Its  salts  i^pear  to  exist  in  two  modifications — green  and 
violet. 

Chromic  Add,  forms  scarlet  needle-shaped  crystals  which  are  deliquescent  in  damp  air ;  they 
melt  at  190**  G.  (374''  F.)  and  give  off  oxygen  at  a  higher  temperature,  beins  reduced  to  the 
sesquioxide.  Organic  substances  ako  rapidly  reduce  it  to  the  same  compound.  Ghromic  add 
forms  salts  with  bases.    (See  Chromatet.) 

Perchromic  Acid,  A  blue  substance  known  osAy  in  solution,  formed  when  peroxide  of 
hydrogen  is  mixed  with  a  solution  of  chromic  add.  It  appears  to  form  violet  salts,  which  are 
readily  decomposed.  Owing  to  the  intensity  of  the  blue  colour  this  reaction  with  peroxide  of 
hydrogen  is  sometimes  used  as  a  test  for  chromium. 

Chlorides  of  Chromium.  The  only  chloride  of  importance  is  the  seiquicKUmde  (Or,Gls),  which 
forms  shining  lamins  of  a  beautiful  peach  colour,  insoluble  in  cold  water,  but  soluble  in  hot. 
It  sublimes  at  a  high  temperature.  The  aqueous  solution  is  dark  green  and  gives  the  reactions 
of  solutions  of  sesquioxides  of  chromium. 

Oxychloride  of  Chromium  or  Chlorochromic  Acid  (Or  Gls^  Gr^Og)  is  a  deep  blood  red,  ahnost 
black,  liquid,  formed  by  distilling  a  mixture  of  chromate  of  potash,  chloride  of  sodium,  and 
strong  sulphuric  add.  Specific  gravity  171.  Boiling  point  118**  G.  (244'$°  F.)  It  sets  fire  to 
easily  combustible  bodies,  and  is  decomposed  by  water  into  cnromic  and  hydrochloric  adds. 

GHBOMO-PHOTOGRAPHY.  That  branch  of  the  photographic  art  which  relates  to  the 
production  of  photographs  in  thdr  natural  colours.  Many  attempts  have  been  made  to  produce 
photographs  in  natual  colours ;  this  has  been  partially  acccanplished  by  Nibpce  de  St.  Victor, 
£.  B^Mquerel,  and  others,  and  tolerably  truthful  representations  of  coloured  objects  and  even 
the  solar  spectrum  have  been  exhibited  by  these  experimentalists ;  but  all  attempts  to  render 
them  permanent  have  hitherto  failed;  exposure  to  light  gradually  obliterates  them.  (See 
Photography.) 

GHBOMOSPHEBE.  (xp^f*^  ^o  colour  of  the  skin ;  o-^atpo,  a  sphere.)  The  name  given 
by  Mr.  Loolqrer  to  a  solar  envelope  first  fully  recognised  by  Seocbl  "  The  observation  of  eclipses, " 
says  Seodii,  "  furmshes  indisputable  evidence  that  the  sun  is  really  surrounded  by  a  layer  of 
red  matter,  of  which  we  commonly  see  no  more  than  the  most  elevated  points." — Etudta 
Bdiffieuaet,  ffittoriques,  et  LiUerairee,  August  1867.  The  spectroscopic  observations  of  Mr. 
LcK^er  supply  abundant  evidence  of  the  justice  of  Secchi's  view. 

GHRONOLOGY.  {xpopo\oyia,)  The  sdence  which  treats  of  the  different  divisions  of  time, 
whether  as  relating  to  astronomical  or  other  events.  The  astronomical  relations  of  chronology 
are  considered  chicSOv  under  the  heads  Bi$aextile,  CaUndc^y  Cyde,  Year,  &c.  Historical  chronology 
is  only  related  to  the  subjects  treated  of  in  this  woric,  in  so  far  as  certain  historical  events 
have  beoi  associated  with  such  astronomical  oocurrences  as  solar  or  lunar  edipses,  oocultations, 
the  appearance  of  comets,  and  the  like.  But  even  those  relations  cannot  be  considered  here,  as 
thdr  due  treatment  requires  much  more  space  than  is  available,  beddes  involving  a  multitude 
of  connderations  which  lie  wholly  apart  from  the  scope  of  this  work. 

GHRONOMETER.  (x/^^vt,  time,  and  fUrpop,  measure.)  A  watch  constructed  with 
special  care  to  ensure  accurate  time  measurements  during  lonff  intervals  of  time.  For  tins 
purpose  a  number  of  oontrivances  are  nuwle  use  of,  the  chief  having  reference,  first,  to  the 
effects  accruing  from  variations  of  temperature,  and  secondly,  to  the  effects  resulting  from  the 
varying  action  of  the  motive  force.  We  owe  to  Harrison  the  first  successful  construction  of 
accurate  time-keepers.  It  need  hardly  be  said  that  the  dironometer  is  an  instrument  of  first- 
rate  importance  to  the  seaman  undertaking  long  voyages.    (See  Longitude,  DeterminaHon  of.) 

GHRONOSGOFE.  (xP^'^t  time;  ^xorew,  to  examine.)  An  instrument  invented  by 
Wheatstone  for  the  purpose  of  determining  the  duration  of  the  deotric  spark,  and  the  velodty 
of  dectric  diKhuge.  It  is  founded  on  the  optical  effect  known  aapernBtence  of  the  image  on  the 
retina ;  that,  in  fact,  which  gives  rise  to  the  i^ypearance  of  a  line  of  light  when  a  stidc  with  a 
bmning  point  is  whhrled  in  the  air.  In  Wheatstone's  instrument  a  sn^  mirror  was  caused  to 
rotate  with  enonnouB  angular  velodty  round  an  axis  in  its  own  plane,  and  the  image  of  the 
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«paik  or  other  Inminoiu  object  was  obeerved  in  it.  Under  these  dicamstuioes,  if  the  iUnmin*- 
tion  be  instantaneous,  the  imaffe  will  appear  as  a  mere  spot  of  light»  precisely  the  same  as  if  the 
minor  were  at  rest ;  but  if  it  lasts  for  any  time,  then  tne  minor,  moving  on  in  the  interval, 
gives  rise  to  an  image  extended  out  into  a  line  of  Ught.  TMb  may  readily  be  obeerved  by  any 
one  who  tskes  a  mirror  in  his  hand,  and  either  waves  it  about  or  makes  it  revolve  in  front  of  » 
candle.  It  is  easily  shown  by  geometry  that,  in  the  case  of  a  revolving  minor,  the  angular  dis- 
placement of  the  image  is  twice  that  of  the  mirror.  If,  then,  the  length  of  the  line  of  lig^t  be 
measured,  and  if  the  velocity  of  rotation  of  the  mirror  be  known,  the  duration  of  the  spark  is 
calculable.  By  means  of  the  chronosoope,  Wheatstone  showed  that  an  ordinary  spark  from  an 
electric  machine,  or  from  a  Leyden  jar,  diBcharged  in  the  common  way,  lasts  less  than  the  mil- 
lionth of  a  second ;  but  that,  in  the  latter  case,  if  the  dischaige  takes  place  through  half  a  mile 
of  copper  wire,  the  spark  lasts  for  a  sensible  time.  The  instnmient  has  also  been  employed  to 
demonstrate  the  discontinuity  of  certain  flames. 

GHBYSANILINE.    See  AniUne. 

CHRYSEONE.    See  SUuxm. 

CILIARY  BODY,  or  PROCESS.  {Cfilium,  jrvXa,  eyelashes,  hair.)  The  mtucular  fibres 
which  hold  the  ciTBtalline  lens,  and  by  their  contraction  cause  its  curvature  to  be  altered  for 
distinct  vision.     (See  Eye.) 

CINCHONA  BARE,  ALKALOIDS  FROM.  The  organic  alkaloids  contained  in  these 
barks  consist  of  quinine,  cinchonine,  dnchonidine,  and  quinidine,  together  with  quinotannic^ 
quinovic,  and  quinic  adds.  Of  these  the  quinine  is  by  far  the  most  important,  and  is  generally 
present  in  the  largest  proportion,  although  in  some  barks  it  is  almost  entirely  replaced  by  dncho- 
nine.  The  percentage  of  quinine  in  the  dried  bark  is  sometimes  as  high  as  3*7  per  cent.,  and 
at  others  as  low  as  O'l  per  cent,  or  less.  The  methods  of  extracting  quinine  and  the  other 
valuable  constituents  are  somewhat  complicated.  Their  preparation  is  conducted  on  a  very 
large  scale  in  many  parts  of  the  world,  and  so  greatly  is  a  '*  quinine  famine  "  dreaded  in  tropical 
countries,  that  energetic  steps  have  been  taken  by  the  government  of  India  to  introduce  the 
cultivation  of  the  cinchona  plant  i&to  various  parts  of  that  country  where  it  has  not  hitherto 
grown,  whilst  other  governments  are  adopting  similar  measures  to  spread  its  cultivation  else- 
where. In  localities  where  epidemic  fevers  are  prevalent,  the  price  of  quinine  has  been  known 
to  rise  from  a  few  shillings  per  ounce  to  upwards  of  ;£'20  per  ounce.  Ovring  to  the  great  value  of  the 
cinchona  alkaloids  in  medicine,  attempts  have  repeatedly  been  made  to  prepare  them  artificially^ 
and  there  is  little  doubt  that  this  wiU  some  day  be  accomplished,  although  hitherto  the 
attempts  have  not  been  suooessfuL  For  a  description  of  the  prindpsl  alkaloids,  see  separate 
articles. 

CINCHONIDINE.  An  organic  alkaloid  sometimes  accompanying  quinine  and  cinchonine 
in  cinchona  barks.  It  is  very  sparingly  soluble  in  water,  but  tolerably  so  in  aloohoL  The  for- 
mula is  not  quite  settled,  but  it  is  supposed  by  Pasteur  to  be  isomeric  with  cinchonine.  It 
forms  hard  anhydrous  rhombic  crystals,  which  have  a  bitter  taste.  They  melt  at  347^  F.,  and 
decompose  at  a  higher  temperature.' 

CINCHONINE.  An  organic  alkaldd  existing  in  dnchona  barks,  together  with  quinine. 
Formula  C^Hj^N^O.  It  crystallises  in  brilliant  colourless  four-sided  needles,  insoluble  in 
water  and  ether,  and  only  slightly  so' in  alcohol  and  chloroform.  The  solutions  have  an  alka- 
line reaction  and  a  bitter  taste.  When  heated  to  330''  F.,  it  melts  to  a  colourless  liquid,  and  at 
a  higher  temperature  sublimes  with  partial  decompodtion.  It  forms  salts  with  add^  which  are 
for  the  most  part  crystalline,  and  soluble  in  water.  Cinchonine  and  its  salts  are  sometimes 
used  in  medicine  as  a  febrifuge,  but  their  effect  is  much  inferior  to  that  of  quinine. 

CINNABAR.    See  Mercury,  Stdpkide. 

CIRCINUS.  (The  Compauet.)  An  inconspicuous  southern  constellation  formed  by 
Lacaille.  

CIRCLE,  HOUR.    See  Hour  Cirde. 

CIRCLE  OF  THE  CELESTIAL  SPHERE.  A  circle  in  whidi  any  plane  intersects  the 
celestial  sphere.  Planes  passing  through  the  centre  of  this  sphere  meet  its  surface  in  great 
circles,  as  the  edipdc,  equator,  prime  vertical  {q.  v.),  &c.  Planes  not  passing  through  the  centre 
meet  the  sphere  in  small  circles.  (See  ParalUU. )  When  the  word  circle  is  combined  with  an- 
other term  as  declination,  latitude,  or  the  like,  the  cirde  referred  to  is  the  great  drde  on  which 
the  declination,  latitude,  or  other  element,  as  the  case  may  be,  is  measured.  Thus  a  deeUnatUm" 
cirde  is  one,  which  passes  through  the  poles  of  the  heavens,  on  which,  therefore,  declinations  can 
be  measured.    And  so  for  the  rest. 

CIRCLE,  RIGHT  ASCENSION.     See  Hour  Cirde, 

CIRCUIT,  GALVANIC.  A  galvanic  pair,  through  which  the  current  is  passing  forms  a 
complete  dudn  or  draUtf  as  it  is  (^ed.    Thus,  in  a  typical  case  (see  CkUvanic  P<Ur)^  the  ourremt 
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may  be  rapposed  to  start  from  the  zinc  paes  through  the  liqmd  to  the  platinimi,  and  thence 
throngh  the  wire  back  again  to  the  zinc.  When  the  platinum  and  the  zinc  plates  are  connected 
by  a  wire,  the  drcuit  is  said  to  be  doted,  and  the  current  then  circulates ;  but  when  the  oonneo- 
tion  between  the  plates  is  not  complete,  the  circuit  is  then  said  to  be  hnien  or  interrupted, 

GIRGULAB  POLARISATION.  Imagine  two  rays  of  light  polarised  in  opposite  planes, 
and  superposed  one  upon  the  other.  If  the  xmdulation  of  one  is  a  quarter  of  a  wave  length  in 
advance  of  that  of  the  other,  they  will  interfere  and  produce  a  circular  vibration.  A  ray  of 
light  produced  in  this  way  possesses  veiy  remarkable  properties,  and  it  is  said  to  be  circularly 
polarited.  There  are  sevenl  methods  of  producing  circularly  polarised  light,  but  the  principle 
is  the  same — viz.,  plane  polarised  light  is  doubly  refracted  in  such  a  way  that  the  two  rectan- 
gularly polarised  waves  differ  in  their  phase  a  quarter  of  an  undulation.  Gomparing  the  un- 
dulations of  plane  polarised  light  to  a  flat  ribbon,  those  of  circularly  polarised  light,  or  rotatory 
Solarised  light,  as  it  is  sometimes  called,  may  be  compared  to  a  corkscrew.  Plane  polarised 
ght  becomes  circularly  polarised  by  passing  through  a  plate  of  quartz,  and  through  many 
liquids  and  aqueous  solutions.    (See  Polariaed  Light;  Polarieation,  Plane  of.) 

If  the  two  rays  of  light  do  not  differ  in  phase  an  exact  quarter  of  an  imdulation,  but  some 
fractional  number,  the  vibratory  movement  will  not  be  circular,  but  dliptical,  and  the  ray  of 
light  is  then  said  to  be  dUpHeally  polarised.  The  form  of  the  vibration  may  vary  from  almost 
circular  to  almost  plane. 

GIRGULAR  POLARISATION,  INDUCED  BY  MAGNETIC  ACTION.  Faraday 
discovered  that  many  bodies  which  in  their  ordinaiy  state  exerted  no  action  on  light  when 
examined  in  the  polariscope,  became  capable  of  circular  polarisation  when  submitted  to  power- 
ful magnetic  action.  He  placed  a  piece  of  heavy  glass  (Borowsilicate  of  lead)  about  two  indies 
square  and  half  an  inch  thick,  having  flat  and  polished  edges,  between  the  poles  of  an  electro 
magnet,  so  that  a  polarised  ray  of  light  should  pass  through  its  length  ;  when  the  electric 
current  was  not  passing,  the  glass  acted  as  an  indifferent  substance,  and  if  the  analyser  was 
turned  to  zero  (giving  a  black  field),  the  introduction  of  the  glass  made  no  alteration.  In  this 
condition  of  things  the  force  of  the  electro-magnet  was  developed,  and  in  a  second  or  two  the 
field  became  luminous,  and  continued  so  as  long  as  the  electric  current  was  passing.  On  stopping 
it,  and  so  causing  the  magnetic  force  to  cease,  the  light  instantly  disappeared.  The  character 
of  the  action  thus  impressed  on  the  heavy  glass  is  tlukt  of  rotation,  for  when  the  field  has  thus 
been  rendered  luminous,  revolution  of  the  eyepiece  more  or  less  to  the  right  or  left  will  cause 
its  extinction.  When  tiie  pole  nearest  to  the  observer  was  north,  ihe  deviation  of  the  ray  was 
light-handed,  and  when  the  direction  of  the  electric  current  was  reversed  so  as  to  change  the 
poles,  the  deviation  became  left-handed.  The  same  effect,  but  in  a  mudi  feebler  degree,  is  pro- 
duced when  a  helix  of  covered  wire  is  used  instead  of  an  electro-magnet,  and  it  has  been  found 
that  this  property  of  rotating  the  polarised  ray  under  magnetic  s^on,  is  somewhat  general. 
Bertin  (Ann.  de  Ghimie,  iii  xxiii.  31),  gives  the  following  rotatory  power  for  columns  of  equal 
length  of  various  bodies  at  ordinaiy  temperatures,  assuming  that  of  heavy  glass  as  equal 
to  1 : — 


Heavy  glass,        .  •  •  •  1*00 

Stannic  chloride, .  •  •  •  0*77 

Carbonic  di-sulphide^  •  •  •  074 

Conmion  flint  glass,  .  .  0*53 


Phosphorous  chloride^  •        .        .0*51 

Water, 0*25 

Alcohol, 0*18 

Ether, 0*15 


CIRCULAR  POLARISATION  OF  LIQUIDS.  When  certain  liquids,  such  as  turpen- 
tine, or  an  aqueous  solution  of  cane  sugar,  are  placed  in  a  tube  closed  at  each  end  with  a  plate  of 
glass,  and  examined  in  the  polariscope,  they  are  seen  to  possess  the  property  of  circularly  polarising 
light,  giving,  on  rotating  the  analyser,  the  series  of  natural  colours ;  and  like  quartz,  the  liquid 
may  be  right-handed  or  left-handed.  By  appropriate  chemical  treatment,  liquids  originally 
neutral  may  have  this  property  conferred  upon  them  ;  a  liquid  possessing  tins  property  originally 
may  have  it  removed ;  and  a  liquid  rotating  the  plane  of  polarisation  in  one  direction  may  be  altered 
so  as  to  turn  it  the  opposite  direction.  As  in  a  column  of  solution  of  definite  length,  the  amount 
of  rotation  depends  on  the  quantity  of  active  substance  dissolved  in  it,  the  polariscope  may  be* 
come  an  agent  of  quantitative  chemical  anal3rsiB.    (See  Saeeharometer,  Optical;  Polarited  IaqKL) 

CIRGUMPOLAR  STAR.  (Oircum,  around,  and  Pblm,  the  pole.)  Stars  which  complete 
their  circuit  around  the  pole  of  the  heavens  without  setting.  Suca  stars  must  be  at  a  distance 
from  the  pole  not  exceeding  the  latitude  of  the  plane  of  observation. 

CIRRO-STRATUS.    See  ClwuL 

CIRRUS.    See  Cloud. 

CISTERN  BAROMETER.    See  BaromOer. 

CITRIC  ACID.  A  colourless  ciystelline  add  preient  in  onnge  and  lemon  jnloe,  and  in 
many  other  fruits.     Ito  f ormtda  is  Cfifij  +  H^O.    It  f onus  luge  transparent  cekmrleas 
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primifl^  which  axe  very  soluble  in  water  and  aloohoL    Its  Bolntion  has  a  stroDg,  pleasant,  add 
taste.    It  unites  with  bases  forming  citrates. 

CLAMP.  (Dutch,  Klampt  from  JKlamperiy  to  fasten,  adjnst.)  A  term  applied  to  pieces  of 
mechanism  for  holdixig  together  parts  which  have  frequently  to  be  fastened  and  unfastened 
when  in  use.  The  screws  which  usually  form  the  important  i>art  of  a  clamp  are  called  adjust- 
ing-SGTOWB.  Clamps  have  a  great  variety  of  applications  and  fonns  ;  a  joiner,  for  instance,  has 
a  damp  attached  to  his  bench  to  enable  him  to  fix  small  portions  of  his  work  very  firmly. 
Clamps  or  adju8ting«crew8  afford  ready  means  of  bringing  into  temporary  connection  portions 
of  machinery  or  of  sdentific  apparatus  which  axe  usually  (Osconnected. 

CLEAVAGE,  ELECTRICITY  OF.  Certain  laminated  minerals  when  deft  exhibit,  on 
the  faces  of  deavage,  electric  exdtement  Thus,  if  insulating  handles  be  attached  to  opposite 
faces  of  a  plate  of  mica,  and  if,  by  means  of  them,  the  plate  be  pulled  so  as  to  become  cleft 
in  two,  it  will  be  found  that  one  of  the  fresh  faces  becomes  positively,  and  the  other  negatively 
electrified.  In  many  cases  also,  if  plates  of  such  minerals,  furnished  with  insulating  handles,  be 
pressed  together  firmly  and  then  separated,  one  will  be  f oimd  ezdted  positively  and  the  otiier 
negatively.  This  phenomenon  is  spoken  of  as  the  dectiic  exdtement  produced  by  cleavage. 
(See  Electricity,) 

CLEFSTDBA.  (cXe^pa,  from  icX^vrw,  to  steal,  take  secntly  and  artfully ;  and  Mctf^ 
water.)  An  andent  connivance  by  which  water  was  used  to  measure  time.  Its  prindple  was 
essentiEJly  similar  to  that  which  lies  at  the  root  of  all  our  modem  methods  of  time-keeping, — 
viz.,  that  of  mechanical  action  artifidally  brought  into  play.  In  the  depsvdia  or  water^lock, 
which  was  invented  by  the  Egyptians,  water  was  caused  to  flow  continuously  into  a  funnel,  at 
the  bottom  of  which  was  a  small  aperture.  The  quantity  of  fluid  passing  through  this  hole 
measured  the  lapse  of  time.  Ctesebius,  an  Alexandrian  philosopher,  is  recorded  to  have 
improved  the  depsydra.  It  was  constructed  in  many  forms,  and  in  common  life  employed 
more  generally  in  winter  and  at  night  when  the  sun-dial  was  not  available.  It  was  capable  of 
being  brought  to  a  considerable  degree  of  perfection ;  but  very  great  care  and  ingenuity  were 
oonstantly  necessary  to  obviate  the  inequality  of  speed  with  which  the  fluid  ran  out,  owing  (i.) 
to  the  decrease  in  the  hydrostatic  pressure  as  the  fluid  diminished  in  quantity,  and  (2.)  the 
variability  in  speed  under  different  atmospheric  densities  and  temperatures,  if  everthdess  it 
was  by  the  depsydra  that  the  Egyptians  laid  down  the  course  of  the  sun,  that  Tycho  Brahe 
tracea  the  motion  of  the  stars,  ^lat  all  astronomers  made  and  recorded  their  observations, 
before  the  discovexr  of  the  isochronism  of  bodies  in  osdllation,  and  espedally  of  the  pendulum, 
rendered  possible  ue  construction  of  accurate  time-pieces. 

The  depsydra  was  first  mentioned  by  Empedocles,  who  lived  in  the  fifth  century  before 
Christ ;  AiistoUe  quotes  Empedodes  on  the  subject  in  his  treatise  De  Respiratione.  Aristo- 
phanes, in  his  play  of  the  Birds,  mentions  it  as  used  to  time  lawyers'  speeches  in  law-courts. 

More  recently,  the  late  Captain  Kater  devised  an  instrument  on  the  same  prindple  as  the 
depsydra^  to  obtain  exact  measure  of  fractions  of  a  second.  Pure  mercury,  kept  at  a  constant 
levd  in  the  funnel,  is  the  fluid  issuing  from  the  aperture ;  and  the  stream  is  caused  to  flow  into 
a  small  recdver  at  the  moment  of  commencement  of  an  observation,  and  to  be  turned  away  at 
the  instant  when  the  phenomenon  observed  ceases.  If  then  it  be  known  how  many  grains  of 
mercury  issue  from  the  aperture  in  one  second,  and  the  weight  of  mercury  issuing  from  the 
funnel  during  a  given  observation  can  be  ezactiy  ascertained,  we  obtain  a  very  accurate  measure 
of  the  duration  of  the  observation.    (See  Horcloffy.) 

CLIMATE.  (jcMmo,  from  xXIkii,  to  incline.)  In  its  andent  usage  this  word  signified  the 
varying  obliquity  of  the  odestial  sphere  with  respect  to  the  horizon  in  different  latitudes.  At 
present  it  is  used  to  signify  the  physical  habitudes  of  any  country  or  district  with  regard  to 
those  atmospheric  conditions  which  affect  the  welfare  of  its  inhabitants.  Humboldt  luw  said 
that  '*  it  indudes  all  those  modifications  of  the  atmosphere  by  which  our  organs  are  affected — 
such  as  temperature,  humidity,  variations  of  barometric  pressure,  the  tranquillity  of  the  atmos- 
phere or  its  subjection  to  foreign  winds,  its  purity  or  admixture  with  gaseous  exhalations,  and 
its  ordinary  transparency — ^that  deamess  of  sky  so  important  through  its  influence,  not  only  on 
the  radiation  of  heat  from  the  soil,  the  devdopment  of  organic  tissue  and  the  ripening  of  fruits, 
but  sJso  on  the  outflow  of  moral  sentiments  la  the  different  races.** 

If  the  surface  of  the  earth  were  perf ectiy  unifozm,  or  symmetrically  distributed  into  districts 
of  land  and  water  arranged  in  zones  along  latitude-parallels,  and  if  the  strata  of  the  soil  were 
throughout  of  like  density,  radiating  power,  and  elevation,  the  different  climates  of  the  earth 
would  be  bounded  by  latitude-parallels.  Under  the  actual  circumstances,  however,  this  is  far 
from  being  the  case.  Land  and  water  are  distributed  in  a  manner  which  hardly  presents  the 
semblance  of  law ;  elevations  and  depressions  not  merdy  of  areas  of  considerable  extent^  but  of 
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whole  ooimtries,  are  f  oimd  in  each  hemisphere ;  and  endless  diversities  of  soil,  oontonr,  and 
distribntion,  disturb  that  mathematical  nnif  ormity  and  exactness  which  could  alone  produce  the 
co-ordination  of  climates  nnder  latitude-parallels,  (reographioal  position,  therefore,  though  of 
extreme  importance  in  influencing  the  climate  of  a  country,  is  not  by  any  means  the  only 
carcumstanoe  to  be  considered.  Its  influence,  so  far  as  it  extends,  dc^)end8  on  the  different 
elevation  reached  by  the  mid-day  sun  in  different  countries.  It  is  obvious  that  the  higher  the 
mid-day  sun  in  the  sky  the  greater  will  be  the  ounent  of  heat  poured  by  him  on  any  given 
horizontal  area  exposed  to  his  rays.  In  considering  the  effect  of  geographiciJ  positicn,  we  must 
consider  separatelv  three  distinct  orders  of  climate  : — 

First,  the  ArcUc  CfUmate,  Within  the  arctic  regions  the  sun  does  not  set  throughout  the 
twenty-four  hours  at  midsummer,  and  the  nearer  the  place  is  to  the  pole  the  longer  does  the 
sun  continue  above  the  horizon.  At  the  pole  itself  he  remains  without  setting  for  six  months. 
The  arctic  winter  corresponds  exactly  to  the  arctic  summer.  The  sun  does  not  rise  in  winter 
for  a  period  which  (leaving  atmospheric  refraction  out  of  account)  is  exactly  equal  in  length  to 
the  period  during  which  l^e  sun  does  not  set  in  summer. 

Secondly,  the  TempenUe  CUmaU,  Outside  the  arctic  zone,  and  to  the  limits  of  the  twrid 
zone,  we  have  these  distinguishing  characteristics — ^that,  first,  the  sun  never  remains  for  twenty* 
four  consecutive  hours  above  or  below  the  horizon ;  and,  secondly,  that  he  reaches  his  greatest 
elevation  at  mid-day  in  midsummer.  Thus  throughout  the  temperate  zone  the  greatest  amount 
of  direct  solar  heat  is  received  by  the  earth  at  t^e  time  of  the  summer  solstice  (thoagh  the 
weather  becomes  warmer  for  some  time  following  this  epoch)  and  the  least  at  the  time  of  the 
winter  solstice  (thouffh  the  weather  becomes  colder  for  some  time  following  this  epoch.) 

Thirdly,  the  Tomd  Climate,  Within  the  torrid  zone  the  distingaishhig  peculiarity  is  the 
occurrence  of  two  seasons  of  greatest  heat,  the  mid-day  sun  coming  some  time  before  summer  to 
the  zenith,  and  again  passing  that  point  some  time  after  summer.  At  the  equator  itself  these 
seasons  of  greatest  heat  occur  at  the  equinoxes. 

Among  the  causes  which  tend  to  disturb  the  effects  which  would  otherwise  follow  from  the 
geograpMcal  position  of  a  country  the  following  are  the  most  important : — 

1.  The  Effect  of  AUUude,  As  we  ascend  above  the  sea-level  there  is  found  a  progressive 
diminution  of  temperature.  This  decrease  has  three  causes. .  In  the  first  place,  the  mere  rarity 
of  the  air  at  high  levels  unfits  it  for  the  retention  of  the  solar  heat,  and  still  more  for  the  reten* 
tion  of  heat  radiated  from  the  earth.  Secondly,  as  was  first  pointed  out  by  Dr.  Erasmus 
Darwin,  the  expansion  of  the  air  which  rises  from  plains  and  valleys  along  mountain-slopes 
tends  IsjTgely  to  increase  the  cold  of  the  higher  regions.  Sir  John  Herschel  thus  succinctly 
describes  the  ratUmale  of  this  explanation  (independently  put  forward  by  Sir  John  Leslie) : — 
**  Suppose  the  atmosphere  of  equal  temperature  throughout  and  at  rest.  Now  let  any  mass  of  air 
at  the  surface  receive  an  impulse  upwards  by  some  external  force  (not  by  heating  it).  It  will 
rise  and,  in  so  doing,  displace  quiescent  air  above  it^  which  will  descend  to  fill  its  place,  and 
this  process  will  continue  till  the  upward  impulro  is  extingmshed  by  friction  and  resistance.  In 
rising,  air  expands  ;  but  as  the  descending  air  contracts,  pari  poMu ,  the  whole  disturbed  space^ 
when  quiet  is  restored,  wiU  be  occupied  by  air  as  before,  and  the  total  pressure  will  be  unaltered. 
But  as  regards  the  distribution  of  tennUe  heat,  a  great  change  will  have  taken  place.  The  air 
which  has  expanded  in  ascending  has  absorbed  caloric  and  grown  colder,  while  that  which  has 
contracted  in  descending  has  given  out  just  as  much,  and  become  hotter.  The  total  heat  and 
the  total  mass  remain  unchanged,  but  tne  equilibrium  of  temperature  is  destroyed.  The  lower 
strata  have  become  wanner  uiaa  the  upper ;  the  density  adjusts  itself  accordingly,  and  the 
undisturbed  column  superincumbent  on  both  is  supported  as  beJEore."  The  case  here  supposed 
is  one  of  frequent  actual  occnirence,  since  aqueous  vapour  in  ascending  by  its  levity  must  drag 
the  air  along  with  it,  so  that,  as  Herschel  adds,  *'  the  mere  fact  of  a  circulation  of  air  in  the 
atmosphere,  in  so  far  as  that  circulation  is  due  to  the  generation  and  condensation  of  vapour,  or 
even  to  the  downward  mechaniod  impulse  of  the  fall  of  rain  or  snow,  must  of  necessity  cause  a 
deficiency  of  sensible  heat  in  the  higher  as  compared  with  the  lower  reffions."  Thirdly,  in  the 
circumstance  that  elevated  regions  are  farther  removed  from  the  heated  mass  of  the  earth  and 
nearer  to  the  cold  interplanetary  spaoes,  we  have  a  cause  of  diminished  temperature  at  high 
levek, 

2.  The  proonmUy  of  large  masteB  of  water  has  an  important  effect  in  modifying  the  climate  of 
a  country.  The  temperature  of  water  is  more  equable  than  that  of  the  atmosphere,  so  that  the 
vicinity  of  a  large  ocean  surface  tends  to  diminish  at  once  the  heat  of  sammer  and  the  cold  of 
winter.  The  neighbourhood  of  ocean  currents  may  have  either  cooling  or  heating  influences 
according  to  the  nature  of  the  current.  Such  influences  will  presently  be  considered.  But 
there  is  one  way  in  which  the  neighbourhood  of  large  masses  of  water  tends  constantly  to  render 
the  oIxDUKte  of  a  country  more  geoSaL    The  air  over  countries  bordering  on  such  ooeaa  masses 
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receives  more  copious  supplies  of  aqueous  vapour,  and  owing  to  the  great  specific  heat  of  water, 
there  thus  results  the  accumulation  of  vast  stores  of  heat  to  be  set  free  when  the  aqueous  vapour 
passes  into  the  liquid  form.  The  action  of  aqueous  vapour  in  checking  the  radiation  of  the 
earth's  heat  into  space  is  also  of  extreme  importance.  In  his  "  Discourse  on  Radiation  tbrouffh 
the  Earth's  Atmosphere,"  Professor  Tyndall  thus  speaks  of  the  action  of  aqueous  vapour  cm^e 
climate  of  this  ooilntry : — "  Aqueous  vapour  is  a  blanket  more  necessary  to  the  vegetable  life  of 
England  than  clothing  is  to  man.  Remove  for  a  single  summer  night  uie  aqueous  vapour  from 
the  air  which  overspreads  this  country,  and  you  would  assuredly  destroy  every  plant  capable  of 
being  destroyed  by  a  freezing  temperature.  The  warmth  of  our  fields  and  gardens  would  pomr 
itself  unrequited  into  space,  and  the  sun  would  rise  upon  an  island  held  fast  in  the  iron  grip  of 
frost.  The  aqueous  vapour  constitutes  a  local  dam,  by  which  the  temperature  at  the  eaith's 
surface  is  deepened ;  the  dam,  however,  finally  overflows,  and  we  give  to  space  all  that  we  re- 
ceive from  the  sun." 

3.  The  neighborhood  ofoeean  currtnU  exercises  a  very  powerful  influence  on  the  climate  of 
a  country.  This  is  due  in  part  to  the  mere  transference  of  so  much  cold  or  warm  water  to  the 
neighbourhood  of  a  country,  but  chiefly  to  another  cause.  Where  there  is  a  cold  current,  the 
air  above  the  current  becoming  cold  is  unfitted  to  retain  any  considerable  amount  of  moisture, 
and  thus  when  this  air  passes  over  an  adjoining  country,  it  comes  as  an  evaporating  air-cuirent, 
and  therefore  brings  cold.  On  the  other  hand,  over  a  warm  sea-current  the  air  is  warm  and 
moisture  laden.  Its  warmth  and  lightness  cause  it  to  form  a  ready  channel  for  winds,  which 
sweep  the  warm  and  humid  air  over  adjoining  countries,  there  to  give  up  a  large  share  of  its 
moisture  by  condensation,  and  so  to  become  the  means  of  supplying  vast  stores  of  heat.  (See 
Convection. ) 

Humboldt  enumerates,  among  the  causes  tending  to  exalt  temperature,  the  following : — ^The 
vicinity  of  a  west  coast  in  the  northern  temperate  zone  ;  the  configuration  of  a  country  cut  up 
by  numerous  deep  bays  and  far-penetrating  arms  of  the  sea ;  the  relation  of  the  dry  land  to 
seas  free  of  ice  extending  beyond  the  polar  circle,  or  to  a  continent  of  considerable  extent 
which  lies  beyond  the  same  meridional  lines  mider  the  equator,  or  at  least  in  part  within  the 
tropics ;  the  rarity  of  swamps  which  continue  covered  with  ice  throughout  the  spring,  or  even 
into  summer ;  the  absence  of  forests  on  a  dry  sandy  soiL  It  may  be  remarked,  with  reference 
to  one  of  these  conditions,  that  Humboldt  was  probably  mistaken  in  supposing  that  the  climate 
of  Europe  is  warmer  than  that  of  Asia,  because  Africa,  with  its  extensive  heat-radiating 
deserts,  Ues  to  the  south  of  Europe  on  the  same  meridian,  while  the  Indian  ocean  lies  to  tiio 
south  of  Asia.  If  the  heat-radiating  power  of  a  continent  reaUy  influenced  countries  lying  to 
the  north,  it  should  tend  to  lower  rather  than  to  raise  the  temperature,  for  the  ascending 
currents  of  air  would  strengthen  the  currents  of  colder  air  from  the  north,  and  these  currents 
(on  Humboldt's  assumption  that  the  country  directly  to  the  north  is  that  affected)  would  lower 
the  mean  annual  temperature  of  the  country  they  passed  over.  It  seems  clear,  however,  that 
Asia  is  the  country  chiefly  affected  by  the  heat-radiating  power  cf  Africa ;  sinee  the  cold 
currents  from  the  north  travel  westwards,  while  the  warm  return-current  from  the  south  has  an 
easterly  motion.  Kaemtz  remarks  justly  that  if  the  effects  of  oceans  and  continents  were 
those  assigned  by  Humboldt,  we  should  find  in  the  western  parts  of  America  a  colder  climate 
than  in  Uie  east^n  parts,  whereas  the  reverse  is  the  case.  Professor  Nichol  has  expressed 
similar  views,  remarking  that "  The  air  that  rises  in  Africa  blows  rather  over  Asia  than  Europe. 
The  cradle  of  our  winds  is  not  in  Sahara,  but  in  America." 

It  is  to  be  remarked  that  the  mean  annual  temperature  of  a  country  is  less  important  to  the 
welfare  of  the  inhabitants  than  the  extreme  range  of  temperature  exhibited  in  the  course  of  a 
year.  Of  two  countries,  which  have  the  same  mean  annual  temperature,  one  may  have  a 
climate  most  admirably  adapted  to  the  welfare  of  its  inhabitants,  while  the  other  may  have  a 
climate  offering  such  violent  extremes  of  heat  and  cold,  as  to  render  it  unfit  for  all  save  those 
of  strong  constitution. 

See  further.  Rain;  Isothermal;  Isocheimenal ;  Isotherat;  dte, 

CLOCKS,  ELECTRIC.  There  are  several  kinds  of  electric  clocks,  but  there  are  two  princi- 
pal classes,  those  in  which  electricity  is  the  motive  power,  and  those  in  which  the  motive  power 
is  got  from  weights  or  springs,  and  in  which  electricity  is  only  used  for  controlling  or  goveniing 
the  motion. 

Of  the  first  kind  there  is  a  common  one,  in  which  the  motion  is  obtained  by  means  of  an 
electro-magnet,  which  attracts  a  soft  iron  keeper  as  often  as  a  current  is  made  to  pass  through 
it  The  keeper  is  connected  by  levers,  with  an  extremely  simple  arrangement  of  toothed  wheels 
which  move  the  hands.  In  order  to  cause  the  current  to  pass  at  regular  intervals  into  the 
electro-magnet,  the  battery  contact  is  made  and  broken  by  means  of  the  oscillations  of  the 
pendulum  of  a  standard  dock.    At  each  swing  the  circuit  passing  from  the  battery  round  the 
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eleotro-mAgnet  is  opened  and  closed,  and  the  soft  iion  keeper  is  tlins  caused  to  beat  seconds, 
or  parts  of  a  second,  as  the  case  may  be.  It  is  evident  that  the  same  standard  clock  may 
thus  be  made  to  give  time  to  any  number  of  secondaxy  docks. 

Another  dock  of  the  same  dass  is  that  of  Bain,  invented  in  1840.  In  it  the  bob  of  the 
pendulum  is  a  soft  iron  core  surrounded  by  a  coil  of  vnre,  the  extremities  of  which  are  carried 
up  the  rod  of  the  pendulum.  The  core  is  made  in  the  form  of  a  short  hollow  cylinder,  with  its 
axis  in  the  direction  of  the  motion  of  the  pendulum.  Pennanent  magnets  are  placed  one  on  each 
side  of  it,  and  arranged  so  that  the  Uke  poles  are  pointing  towards  each  othet :  and  so  that  when  the 
pendulum  swings,  we  hollow  core  passes  a  short  distance  over  the  pole  of  each  without  touching. 
At  the  top  of  the  pendulum  is  a  make  and  break  arrangement,  by  which  a  current  is  sent  into 
the  dectro-magnet,  reversed  at  each  extremity  of  the  swing,  and  altogether  thrown  off  in 
the  middle  psurt  of  it.  The  direction  of  the  cuirent  is  such  that  the  bob  is  repelled  by  the 
nearest  permanent  magnet,  and  attracted  by  the  other ;  it  therefore  swings  over :  the  current  is 
then  reversed,  and  the  bob  is  agun  repelled  by  the  nearest  and  attracted  by  the  farthest 
magnet.  This  pendulum  is  applied  to  ordinary  clock  work.  Bain  intended  to  work  this  dock 
by  means  of  what  is  called  an  earth  battery,  which  oonsists  of  a  plate  of  zinc  and  a  plato  of 
copper  sunk  deep  in  the  earth,  and  exdted  merely  by  the  moisture  tiiere ;  but  it  was  found  that 
the  current  was  so  irregular  as  to  render  the  dock  usdess. 

The  pendulum,  which  we  have  just  described,  has,  however,  found  an  application  in  the 
second  dass  of  docks.  A  dock  furnished  with  a  pendulum  of  this  kind  is  kept  going  as  nearly 
light  as  possible  by  ordinaiy  means,  the  motive  power  being  obtained  from  weights  or  springs, 
and  the  final  adjustment  for  accuracy  is  made  by  means  of  electridty.  To  do  this  a  standard 
dock  in  an  astronomical  observatory,  at  certain  stated  intervals,  is  caused,  by  touching  a  spring, 
and  completing  a  battery  connection,  to  send  a  signal  to  the  other  dock.  Suppose  sudi  a  sigoal 
sent  every  second  half  minute  or  minute.  Then  if  the  dock  to  be  regulated  loses  or  gains  a 
minute  fraction  of  a  second  between  eadi  signal,  the  bob  of  its  pendulum  is  not  in  its  proper 
position  when  the  signal  is  sent,  and  it  receives  from  the  battery  an  impulse  which  accelerates 
or  retards  it,  as  the  case  may  be.  Clocks  of  ordinary  construction  are  thus  made  to  go  as  truly 
as  the  astronomical  clock  from  which  they  take  their  time.  This  plan  is  much  employed  in  giv« 
ing  public  time  in  Glasgow  and  Edinburgh,  and  with  the  most  satisfactory  effect. 
CLOCKS  AND  WATCHES.    See  Horology, 

CLOUD.    A  mass  of  the  visible  vapour  of  water  suspended  in  the  atmosphere.    Clouds  and 
fogs  are  identical  in  structure,  but  fogs  rest  on  the  earth  while  douds  are  suspended  in  the  atmos- 
phere with  a  dear  space  separating  them  from  the  earth.    A  large  amount  of  light  has  been 
thrown  on  the  nature  of  douds,  and  the  laws  which  regulate  their  formation  and  motions, 
by  the  recent  balloon  ascents  of  Mr.  Glaisher.    It  has  been  shown  that  the  air,  even  at  great 
elevations,  is  traversed  by  currents  pursuing  their  course  independently.    Masses  of  air  of 
different  temperatures  are  thus  brought  into  collision  and  combine  together  ;  and  since  the  com- 
bined air  cannot  retain  the  same  amount  of  aqueous  vapour  as  the  several  parts  contained 
before  combination,  the  excess  becomes  condensed  into  the  form  of  visible  vapour  or  cloud. 
The  following  passage,  while  indicating  some  of  the  lessons  which  we  may  hope  to  learn  from 
balloon  ascents,  shows  also  how  complex  is  the  whole  subject.    It  describes  Mr.  Glaisher's 
ascent  from  Mill  Hill,  near  Hendon,  on  August  21,  1862 : — "  Twenty-seven  minutes  after 
leaving  the  earth,  a  wldte  mist  envdoped  the  balloon ;  the  temperatures  of  the  air  and  dew- 
point  were  alike,  indicating  complete  saturation.     The  light  rapidly  increased,  and  gradually 
emerging  from  the  dense  cloud  into  a  basin  surrounded  by  immense  black  mountains  of  cloud 
rising  far  above  us,  shortly  afterwards  there  were  deep  ravines  of  grand  proportion  beneath 
open  to  the  view.     The  sky  immediately  overhead  was  dotted  with  cirrus  clouds.    As  the 
balloon  ascended,  the  tops  of  the  mountain-like  douds  were  tinged  with  gold  and  silver.    On 
reaching  their  levd  the  sun  appeared,  flooding  with  light  all  that  could  be  seen  both  right  and 
left,  tinting  with  orange  all  ike  remaining  space.    It  was  a  glorious  sight.    The  ascent  still 
continued,  but  more  quickly  as  the  sun's  rays  fell  upon  the  balloon,  each  instant  opening  to 
view  deep  ravines  and  a  wonderful  sea  of  clouds.    Here  arose  shining  masses  of  doud  in  moun- 
tain-ranges, some  rising  perpendicularly  from  the  plains  with  summito  of  dazzling  brightness, 
some  pyramidal,  others  undulatory.    Nor  was  the  scene  wanting  in  light  and  shade  ;  each  larse 
mass  of  cloud  cast  a  shadow,  thereby  increasiDg  the  number  of  tints  and  beauty  of  the  scene. 

It  is  well  to  remember,  in  considering  the  subject  of  douds,  that  there  is  this  wonderful 
wealth  of  scenery  in  doud-land,  since  we  are  too  apt  to  judge  from  the  view  we  obtain  from  our 

V  distant  and  ill-placed  station  on  the  earth,  and  so  to  form  altogether  inadequate  conceptions  of 

'  the  real  configuration  of  the  great  doud  masses. 

This  remembered  we  may  proceed  to  consider  the  dassification  of  douds  accoording  to  the 
different  modificatiooB  commonly  obMrrable. 
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The  cUssific»tioii  now  generally  reoogniaed  ia  that  which  Lnke  Howaid  propoeed  in  1803. 
He  divided  clondB  into  seven  orders  ;  throe  of  these  were  simple,  viz. : — The  Cirrut,  the  Ounwlus^ 
and  the  Stratus;  and  four  compound  or  intermediates,  viz. : — The  Oirro-OumuluB,  Cfitro-^StntiuM, 
the  OumtdoStrattUy  and  the  Oumulo-Oirro-Stratui  or  Nimbus, 

Citnu  CSoud. — This  dond  consistB  of  wavy  thin  filaments,  parallel  or  diverging.  It  is  lighter 
than  any  other  form  of  dond,  and  appears  at  a  greater  elevation.  It  is  probable  that  the 
particles  of  this  doad  are  ioe^xystals.  Sometimes  ^e  Cirras  dond  presents  the  appearance  of  * 
delicate  net-work,  at  others  it  resembles  woolly  hair,  horse  tails,  &c.  It  commonly  i^ypean 
either  motionless  or  to  move  very  slowly ;  bat  in  reality  this  i^pearanoe  is  due  only  to  the 
great  distance  at  which  this  form  of  doud  usoally  lies.  In  balloon  ascents,  even  those  in  wfaidi 
the  greatest  altitudes  have  been  reached,  dims  douds  have  been  seen  at  an  enooDOUB  height 
above  the  observer. 

Cumulus  Cloud. — This  name  is  gtvea  to  clouds  of  a  hemispherical  form,  with  horizontal  base, 
which  commonly  appear  in  early  morning,  and  chiefly  in  summer,  so  that  they  have  been  called 
summer  dauds  and  day  douds.  They  are  formed  much  nearer  to  the  earth  than  the  Girraa 
douda.  Tyndall  thus  describes  the  mode  of  their  formation : — "  The  wanned  air,  charged  with 
vapour,  rises  in  columua,  so  as  to  penetrate  the  vapour-screen  which  hugs  the  earth ;  in  the 
presence  of  space,  the  head  of  each  pillar  wastes  its  heat  l^  radiation,  condenses  to  a  comnlns^ 
which  constitutes  the  visible  capital  of  an  invisible  column  of  suspended  air. "  Saussure  asoribes 
their  shape  to  the  way  in  which  they  are  formed,  comparing  the  progress  of  the  column  of  invis- 
ible vapour  through  the  surrounding  air  to  the  motion  of  one  fluid  through  another.  But  it 
seenu*  more  consistent  with  the  observed  appearance  and  changes  of  appearance  of  the  cumuhis 
douds,  to  suppose  that  their  bulbous  form  above  is  due  to  the  expansion  of  the  air  where  the 
invisible  -vapour  has  condensed,  lliat  condensation  must  be  accompanied  with  the  disdiarge  of 
large  quantities  of  heat ;  and  the  movements  of  the  cumulus  corresponds  exactly  with  the  eflfects 
we  bhould  ascribe  to  the  sudden  dilation  of  the  air  resulting  from  this  access  of  heat. 

Stratus. — This  name  is  given  to  a  widdy  extended  sheet  of  cloud  forming  a  continuous  layer. 
It  lies  at  a  lower  level  than  the  cumulus,  its  lower  surface  often  resting  on  the  earth.  It  has 
been  called  the  Cloud  of  Night,  because  it  generally  forms  about  sunset,  and  commonly  grows 
denser  during  the  night.  It  is  due  to  the  mass  of  vapour  which  has  been  raised  by  the  sun's 
heat  during  tho  day.  This  vapour  sinks  slowly  down  towards  evening,  and  as  at  this  part  of 
the  day  the  air  is  colder  noar  the  earth,  the  descending  vapour,  at  first  invisible,  slowly  con- 
denses  near  the  earth.  As  the  process  continueB,  condensation  takes  place  at  higher  and  higher 
levels.  Sometimes  the  upper  level  of  the  stratus  is  so  well  defined,  that  the  gradual  increase  of 
the  cloud  produces  an  appearance  resembling  the  effects  of  an  inundation.  The  breaking  np  of 
the  Stratus  cloud  in  the  morning  is  a  process  of  a  different  character.  The  Stratus  does  not 
slowly  sink  as  it  had  risen  ;  but  as  the  sun  shines  upon  its  upper  surface,  ascending  streams  of 
aqueous  vapour  begin  to  be  produced,  which  qoickly  lead  to  the  formation  of  rounded  masses  of 
cumulus,  and  the  stratus  is  finally  broken  up  altogether  into  cumulus  douds. 

drro 'Cumulus. — A  cbud  resulting  from  the  breaking  up  of  the  Cirrus  cloud  into  round 
masses,  the  whole  slowly  sinking,  though  not  to  the  ordinary  level  of  the  Cumulua  doud. 

Cirro-Stratus. — ^A  doud  consisting  of  horizontal  or  slightly  inclined  flakes,  thinned  off  at  the 
edges.  The  forms  are  very  variable,  but  the  doud  may  always  be  known  by  this  peculiarity  of 
structure. 

Cumvlo-Stratus.  — A  doud  foimed  by  the  Cirro-Stratus  mixing  with  the  Cumulus,  **  dther 
among  its  piled-up  heaps  or  spreading  underneath  its  base  as  a  horizonal  layer  of  vapour.** 
Buchui  in  his  excellent  **  Handy-Book  of  Meteorology,"  adds  that  the  distinct  Cumulo^tratus 
**  is  formed  when  the  Cumulus  becomes  surrounded  with  small  fleecy  clouds  just  before  rain, 
begins  to  fall,  and  also  on  the  approach  of  thunder-storms."  Tennyson  has  findy  described  this 
form  of  cloud 

*^  That  rises  upward  always  higher 

And  onward  drags  a  laboming  breast, 
And  topples  round  the  dreary  west 
A  looming  bastion  fringed  with  fire." 

Cumvlo-tHrro-Stratus,  or  Nimbus. — ^The  weU-known  rain-cloud.  Its  formation  is  the  result  of 
the  super-saturation  of  the  space  between  Cirro-Stratus  clouds  and  a  lower  layer  of  Cumulus 
clouds.  Tlie  two  layers  thus  rapidly  increase,  and  eventually  unite.  From  the  mass  tiius 
formed,  rain  soon  begins  to  fall. 

The  observation  of  clouds  now  forms  a  r^rular  part  of  the  work  of  a  meteordogical  observa- 
tory ;  and,  therefore,  the  nomenclature  above  explained  subserves  a  useful  purpose  in  enabling 
observers  to  record  tiie  varying  aspect  of  the  heavens.  It  requires  extension,  however,  so  as  to 
indude  other  forms  of  doud  which  are  not  directly  referable  to  any  of  the  above  forma. 
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COATING  OF  A  LETDEN  JAB  OB  CONDENSEB  The  tinfoil  coyerings  pasted 
i]X>on  the  inride  and  outside  of  a  Leyden  jar,  or  on  the  two  sides  of  a  condenser  such  as  the 
Fulminating  Pane,  are  called  the  coating»,  (See  Leyden  Jar.)  Even  when  instead  of  tinfoil, 
as  is  the  case  in  some  electrometers  and  pieces  of  ap^>aratuB  for  particular  experiments,  a 
liquid  conductor  is  used  within  or  without  the  jar  instead  of  the  t&foil,  still  the  surface  of 
the  Hquid  next  to  the  glass,  or  other  non-conductor,  is  called  the  coating,  since  it  perf oims  the 
same  office  as  the  metaL 

COBALT.  A  metallic  element  first  isolated  by  Brandt  in  1 733,  although  compounds  of  it 
were  known  to  the  ancients.  Symbol  Co.  Atomic  weight  55*5  It  is  a  hard,  steel  gray 
metal  which  takes  a  good  polish,  fuses  at  about  the  same  temperature  as  iron,  is  magnetic, 
although  not  so  powerfully  so  as  iron,  and  oxidises  at  a  red  heat.  Mineral  adds  ^ssolve 
it,  fonning  salts.    The  following  are  the  principal  compounds  of  cobalt — 

Protoxide  of  OdbaJU  (CoO.)  In  the  imhydrouB  state  this  is  a  light  greenish  gray  powder, 
and  when  hydrated  a  dirty  rose-coloured  powder.    It  dissolves  in  acids  to  form  salts. 

Chloride  of  Cobalt  (Co  CI,)  forms  in  the  hydrated  state  pink  crystals,  which  become  blue  when 
anhydrous.    It  is  soluble  in  water. 

Cobalt  is  frequently  associated  with  nickel  in  its  ores,  and  its  separation  from  this  metal  is 
a  matter  of  some  difficulty,  and  can  only  be  effected  in  the  wet  way,  i.e.,  by  solution  and  pre- 
cipitation, &c.  Cobalt  forma  rich  blue  compounds  when  its  oxide,  &c.,  are  melted  with  borax, 
glass,  enamel,  porcelain  glasse,  &c.,  and  on  this  account  it  is  largely  used  in  the  arts. 

COEFFICIENT  OF  DISPEBSION.    See  Ditperaum,  Confident  of 

COEFFICIENT  OF  EXPANSION.    See  Expannon. 

COEFFICIENT  OF  FBICTION.    See  Friction. 

CCELESTIN.    See  SulpfuOea,  StronHum, 

COEBCITIVE  FOBCE.  A  name  used  to  designate  that  which  makes  the  difference 
between  hard  steel  and  soft  iron  in  taking  on  and  in  retaining  magnetic  polarisation.  Thus 
ft  is  found  that,  under  the  influence  of  a  magnet,  a  soft  iron  mass  r^ulily  becomes  inductively 
magnetised,  and  retains  this  magnetisation  as  long  as  the  influencing  body  is  present.  But  as 
soon  as  it  is  removed,  the  magnetisation  of  the  soft  iron  ceases.  Hani  steel,  on  the  other  hand, 
is  with  difficulty  magnetised  inductivdy :  but  when  once  it  has  been  forced  into  the  polarised 
state,  as  by  prolonged  contact  with  a  powerful  magnet,  by  rubbing  with  a  magnet  or  by  any  other 
means,  it  obstinately  retains  this  state,  and  with  a  persistence  depending  upon  its  hardness  and 
its  molecular  condition  in  general.  Again,  if  soft  iron,  while  under  the  influence  of  a  powerful 
magnet,  be  hammered,  twisted,  or  otherwise  strained,  it  is  found  to  retain  magnetism  also  to  an 
extent  depending  on  the  amount  of  straining  and  permanent  contortion  of  molecular  arrange- 
ment which  it  has  undergone.  The  h'ammering  has  thus,  by  altering  the  molecular  arrange- 
ment, conferred  upon  the  bar  a  force  which  acts  so  as  to  maintain  the  magnetic  polarised  state 
in  it.    It  is  to  this  that  the  name  coereitive  force  is  given.    ^See  also  Magnet.) 

COHESION.  {CohcereOj  pret.  cohmn,  to  stick  together.)  The  force  by  which  the  particles 
of  bodies  unite  and  remain  in  contact  so  as  to  form  one  mass.  It  is  one  of  the  molecular  forces 
acting  at  inappreciable  distances,  and  is  thus  distinguished  from  gravitation.  It  unites  the 
partides  of  the  same  kind  of  matter,  and  is  thus  distinguished  from  adhesion,  or  the  force 
which  unites  the  particles  of  different  substances,  and  from  chemical  attraction,  or  the  force  which 
unites  the  particles  of  different  substances,  so  as  to  form  substances  having  properties  differing 
from  those  of  their  components.  The  force  of  cohesion  in  bodies  is  measured  by  the  force 
necessary  to  pull  them  asunder,  or  separate  them  by  crushing.  Cohesion  is  most  powerful 
amongst  the  molecules  of  solids,  almost  absent  amongst  those  of  liquids,  and  entirely  absent  in 
gases.  Hardness,  softness,  tenacity,  elasticity,  malleability,  and  ductility  are  modifications  of 
cohesion.    (See  these  terms.)    Cohesion  in  almost  all  cases  is  overcome  by  heat. 

COHESION  OF  LIQUIDS.  Though  the  cohesion  between  the  neighbouring  parts  of  a 
liquid  is  not  suffident  to  maintain  the  shape  of  the  liquid  when  acted  on  by  any  considerable 
mechanical  force,  and  though  even  the  force  of  resistance,  exerdsed  by  the  bottom  and  waUa  of 
a  vessel  into  which  a  liqtdd  is  poured,  which  force  is  called  into  existence,  causes  the  liquid  to 
assume  the  shape  of  the  vessel  in  which  it  is  placed,  and  present  a  horizontal  surface ;  yet 
liquids  have  appreciable  and  measureable  cohesion.  This  is  shown  by  the  spherical  form 
asRumed  by  masses  of  liquids  removed  as  far  as  possible  from  the  influence  of  external  forces. 
Of  all  solids  a  sphere  satisfies  most  perfectiy  the  condition  that  the  effort  of  each  particle 
towards  the  centra  of  gravity  is  most  gratified.  When  a  sphere  is  altered  in  shape  there  must 
be  on  the  whole  a  mean  separation  of  particles  (not  contiguous  ones.)  Accordingly  the  cohesion 
determines  the  spherical  form.  Although  it  is  impossible  to  withdraw  a  liquid  mass  from  all 
external  forces,  notably  from  gravitation,  yet  the  action  of  gravity  may  be  completely  and 
symmetrically  counteracted  by  immersing  a  liquid  mass  in  another  liquid,  having  precisely  the 
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same  specific  gravity  as  the  first,  bat  being  inmuscible  with  it.  Thus,  if  olive  oil  be  poured 
into  a  mixture  of  aJcohol  and  water  of  a  oertun  strength,  and  therefore  specific  gravity — 
namely,  that  of  the  oil  (about  O'QIS),  the  oil  will  be  pressed  on  all  sides  by  equal  forces,  these 
may  therefore  be  considered  as  having  no  influence  in  determining  the  shape  of  the  oiL  The 
latter  assumes  the  shape  of  a  perfect  sphere  in  consequence  of  its  cohesion.  In  truth,  assisted 
by  the  cohesion  of  the  water  which,  in  gratifying  its  cohesion  to  the  utmost,  will  leave  a 
spherical  cavity.  Forms  approaching  the  spherical  are  also  assumed  by  small  liquid  msiwofi 
when  they  rest  on  surfaces  between  which  and  themselves  there  is  less  adhesion  than  the 
cohesion  they  themselves  possess.  This  is  seen  when  a  dewdrop  rests  upon  a  resinous  leaf,  oi 
is  supported  above  the  leaf  by  fine  hairs,  when  a  water  drop  rests  upon  a  plate  of  wax  or  fat^  oi 
on  a  surface  covered  with  resinous  dust,  or  a  drop  of  mercury  on  any  non-metallic  surface.  A 
drop  of  water  may  rest  upon  a  surface  of  water  without  immediately  mixing  therewith,  being 
separated  therefrom  by  a  film  of  air,  or  it  may  rest  above  a  surface  of  metal  if  the  latter  is 
sufficiently  hot  for  its  radiant  heat  to  cause  sufiicient  evaporation  from  the  drop  to  interpose  a 
coating  of  vapour  between  the  two.  (See  LeidenfrotCt  Experimeni.)  In  all  such  cases  the 
drop  assumes  more  or  less  of  a  spherical  form.  Direct  experiments  for  determining  the  cohesion 
of  Uquids  were  made  by  Gay-Lussac.  His  method  was  based  upon  the  fact  that  when  a  solid, 
which  is  wetted  by  a  liquid,  is  withdrawn  from  it,  the  latter  must  be  raptured,  so  that  the  force 
required  to  effect  the  separation  is  a  measure  of  the  cohesion  of  the  liquid,  and  not  of  the 
adhesion  between  the  solid  and  liquid^  provided  that  such  adhesion  is  greater  than  the  liquid's 
cohesion,  which  is  the  caae  when  Uie  solid  is  wetted.  A  flat  circular  disk  was  hung  horizontally 
from  one  pan  of  a  balance,  and  exactly  counterpoised.  The  surfaces  of  liquids  in  basins  were 
brought  into  contact  with  this  disk,  and  weights  were  put  upon  the  opposite  pan  until  the 
plate  was  torn  away  from  the  liquid.  If  the  force  required  in  the  case  of  water  be  called  1 1\ 
it  was  found  to  be  o'574  for  turpentine,  and  in  that  of  absolute  alcohol  0*523,  and  on  examining 
mixtures  of  alcohol  and  water  it  was  found  that  the  cohesion  increased  with  the  quantity  of 
water.  A  more  exact  method  of  measuring  the  cohesion  of  liquids  is  based  upon  the  determina- 
tion of  the  size  of  drops  which  they  form  under  like  conditions.    (See  Dropt.) 

COHESION  FIGURES  OF  LIQUIDS.  A  peculiar  phenomenon  resulting  from  the  joint 
action  of  adhesion  and  cohesion  in  certain  liquids  when  one  is  added  to  the  other.  Although 
many  liquids  mix  completely  with  one  another  in  almost  any  proportions,  or  dissolve  each  other 
freely,  yet  there  are  others  which  may  form  saturated  solutions,  so  that  any  increase  in  quan- 
tity of  the  saturating  liquid  is  not  Incorporated  with  the  rest.  Its  particles  cohere  and  arrange 
themselves,  with  respect  to  the  solution,  according  to  their  specific  gravity.  Thus  the  most 
limpid  ethers  and  oils  will  ordy  dissolve  to  a  small  extent  in  water,  the  greater  part  of  them 
collecting  together  again  after  being  shaken  with  water ;  while  more  viscous  liquids,  as  com- 
mon oiU,  do  not  appear  to  dissolve  In  water  at  alL  If  a  drop  of  chloroform  be  let  fall  in  water, 
it  retains  its  circular  form ;  a  slight  amount  of  alkaline  liquid  added  to  the  water  causes  the 
drops  to  become  flattened,  but  the  rounded  form  is  once  more  assumed  when  the  alkali  is 
neutraUsed  by  a  little  add. 

Many  of  the  substances  thus  slightly  soluble  in  water  form  characteristic  figures  when  drops 
of  them  are  lightly  added  to  pure  water  in  a  perfectly  clean  vessel  The  tendency  to  adhesion 
between  the  liquids  causes  the  drop  to  assume  at  first  a  flattened  form,  but  the  cohesion  of 
the  particles  breaks  up  the  film  in  various  directions,  so  as  to  constitute  characteristic  patterns 
on  the  surface  of  the  water.  The  constant  alternation  of  predominance  between  adhesion  and 
cohesion  proceeds,  the  smaller  portions  being  flattened  by  adhesion,  and  then  further  subdivided 
by  cohesion,  until  finally  a  definite  outline  is  produced.  The  figure,  however,  passes  away  in  a 
space  of  time  proportional  to  its  insolubility  in  water.  The  creosote-figure  remains  for  five 
minutes,  while  those  of  liquids  which  are  much  more  soluble,  such  as  alcohol  or  ether,  last  less 
than  a  second.  Creosote  forms  a  disk  which  sails  about  on  the  surface  with  a  rapidly  quivering 
edge.  Ether  forms  a  circular  figure,  composed  of  a  central  boss,  surrounded  first  by  a  flat 
depressed  ring,  and  then  by  a  raised  ring,  the  edge  of  which  is  waved.  The  essential  oil  of 
lavender  forms  a  film  with  iridescent  rings  covering  a  large  part  of  the  surface  ;  the  film  then 
breaks  up  into  small  disks,  first  passing  through  a  complicated  pattern  like  that  of  Carrageen 
moss.  Mr.  Tomlinson  produces  these  figures  in  shallow  glass  vessels  3^  inches  in  diameter, 
made  chemically  clean  by  means  of  sulphuric  acid,  alcohol,  alkaline  solutions,  and  abundant 
rinsing.  The  figures  vary  with  the  nature  of  the  liquid  surface  on  which  the  drops  are  spread, 
as  when,  instead  of  water,  the  surfaces  of  cocoa-nut  oil,  castor  oil,  melted  paraffin,  wax,  &c.,  az« 
used.  (See  Phil.  Mag.,  November  1864.)  When  the  drops,  instead  of  spreading  on  the  surface, 
sink  below  it,  a  new  set  of  figures  is  formed,  for  which  see  Submeraion  Figures.  These  figures 
are  not  onlv  serviceable  for  Uie  recognition  of  the  substances  themselves,  but  also  for  the  detect 
tion  of  adulterations  of  them  by  other  oily  or  slightiy  soluble  liquids.   For  when  a  mixed  liquid 
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IB  dropped  upon  water  in  the  manner  above  described,  its  cohesion  figure  partakes  of  the  char- 
acters of  each  constituent  when  used  separately  :  such  is  the  case,  for  instance,  with  a  mixture 
of  turpentine  and  an  essential  oiL  Mr.  Tomlinson's  extended  researches  on  this  subject  will  be 
found  in  the  Philosophical  Magazine,  Oct.  1 86 1,  and  March  1862. 

COIL,  FBIMABY  AND  SECONDARY.  Terms  used  respectmg  apparatus  employed  for 
current  induction.  The  wire  which  transmits  the  current  from  the  batteiy — ^that  is,  the  inducing 
wire — ^is  called  the  primary  coil.  The  secondary  coil  is  the  circuit  whidi  the  induced  current 
traverses.  The  primaxy  coil  is  made  of  pretty  thick  wire,  and  not  veiy  long,  in  order  that  the 
current  from  the  battery  may  not  be  too  mudi  weakened  by  resistance.  The  secondary  coil, 
on  the  contrary,  is  made  of  the  finest  possible  wire,  and  of  great  length,  in  order  that  a  very 
large  number  of  turns  of  it  may  be  brought  under  the  influence  of  the  primary  coiL  The 
advantage  gained  by  increasing  the  number  of  turns,  and  getting  them  near  to  the  coil  in 
which  the  current  is  passing,  far  more  than  counterbalances  the  disadvantages  arising  from 
increasing  the  resistance.  It  is  necessary  that  the  several  turns  of  the  secondary  coil  should  be 
Tery  carefully  insulated  from  each  other,  for  the  induced  electricity  will  otherwise  leap  across, 
instead  of  passing  round  each  turn  of  the  wire.  For  this  reason  the  wire,  as  it  is  coiled  on,  is 
covered  with  the  layers  of  shell-lac  or  gutta  percha. 

COININGr-PKESS.  An  instrument  for  stamping  coins.  It  usually  consists  of  a  steel  die 
bearing  the  impression  to  be  stamped,  fixed  into  a  vertical  screw,  and  of  two  heavy  balls  of 
metal  at  the  extremities  of  a  lever,  with  equal  arms  at  right  angles  to  the  screw.  The  balls  are 
turned  roimd  very  rapidly  several  times,  and  then  left  free.  The  die  is  thus  driven  down  upon 
the  coin,  and  the  accumulated  momentum  of  the  large  moving  mass  is  expended  in  impressing 
the  required  figure. 

COLD.  (.^jiglo-Saxon,  cealdf  from  coUan,  to  cooL)  It  was  formerly  believed  that  cold  was 
an  entity,  and  that  it  could  be  reflected  from  polished  surface  like  heat  and  light.  This,  how- 
ever, is  not  the  case.  Cold  is  simply  an  absence  of  heat.  It  is  essentially  a  relative  term.  Ice 
may  be  considered  a  hot  substance  when  compared  with  frozen  mercury,  and  a  very  hot  sub- 
stance when  compared  with  solid  carbonic  add.  If  we  take  three  vessels  and  pour  hot  water 
into  the  first)  cold  water  into  the  second,  and  water  of  intermediate  temperature  into  the  third,  and 
place  one  hand  in  the  hot  water,  and  the  other  in  the  cold,  we  shall  find,  on  now  placing  both 
hands  in  the  water  of  intermediate  temperature,  it  will  feel  hot  to  the  hand  which  has  been  in 
the  cold  water,  and  cold  to  the  hand  which  has  been  in  the  hot  water.  Thus,  water  at  one 
temperature  may  appear  both  hot  and  cold.  Absolute  cold  would  be  the  absolute  zero  of  tem- 
perature,  at  which  point  matter  would  possess  no  heat  at  aU.  A  substance  is  relatively  cold 
when  it  possesses  less  of  the  motion  called  heat  than  the  substance  it  is  compared  with.  A  hot 
substance,  a  red-hot  suspended  ball  of  metal,  for  instance,  gets  colder  and  colder,  because  it 
radiates  its  heat  into  space,  it  loses  molecular  motion,  and  the  more  motion  it  loses  tlie  colder  it 
is  said  to  be.  When  it  cools  down  to  a  temperature  below  that  of  our  bodies,  we  call  it  cold  to 
the  touch,  because  it  possesses  less  of  the  motion  of  heat  than  our  nerves,  and  abstracts  heat 
from  them,  and  this  withdrawal  of  motion  from  the  nerves  produces  the  sensation  of  cold. 

COLLIMATION,  LINE  OF.  A  term  used  in  reference  to  telescopes,  to  designate  the  line 
passing  through  the  aziB  of  the  object-glass,  and  the  intersection  of  the  cross-wires  in  the  focus 
of  the  eye-piece. 

COLLIMATOR.  {CoUimOf  to  aim.)  An  instrument  chiefly  used  in  connection  with  transit 
observations  for  securing  the  axis  of  the  telescope  pointing  in  the  right  horizontal  direction.  It 
generally  consists  of  a  small  subsidiary  telescope  with  cross  wires  in  the  focus  of  its  eye-piece, 
fixed  at  some  distance  from  the  principal  telescope,  and  pointinff  towards  it.  When  the  transit 
telescope  is  directed  horizontally  it  looks  into  the  object-glass  of  the  ooUimating  telescope,  and 
renders  visible  the  cross  wires  in  the  focus  of  the  latter.  If  the  image  of  these  wires  coincides 
with  the  image  of  the  cross  wires  of  the  large  telescope,  it  shows  that  the  line  of  coUimation  is 
true.  A  collunator  is  usually  fixed  opposite  each  end  of  a  transit  instrument.  A  collimator  is  also 
frequently  used  in  optical  instruments ;  in  the  spectroscope,  for  instance,  it  consists  of  a  convex 
lens,  having  the  slit  in  its  principal  focus.    (See  Spectrotcope. ) 

COLLODION  PROCESS.  A  process  in  photography  by  which  negative  representations  of 
natural  objects  are  taken  by  means  of  a  camera  obscura  on  a  plate  of  glass,  ^e  principle  of 
the  process  is  as  follows  : — ^The  soluble  form  of  gun  cotton  is  dissolved  in  a  mixture  of  alcohol 
and  ether  and  a  metallic  iodide  (or  in  some  cases  a  bromide)  added.  When  this  mixture  is 
poured  upon  a  plate  of  glass,  and  the  excess  drained  off,  the  ether  and  much  of  the  alcohol 
evaporate,  and  leave  a  tl^  collodion  film,  like  a  skin  on  the  glass.  Before  this  has  got  quite 
dry  it  is  dipped  into  a  bath  of  nitrate  of  silver,  which,  reacting  on  the  iodide  present,  precipi- 
tates iodide  of  silver  in  an  extremely  fine  state  of  division  in  the  pores  of  the  film  The  plate 
is  now  exposed  in  a  moist  condition  to  the  image  in  the  camera,  and  the  latent  image  is  after- 
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wards  developed  by  ponring  over  it  a  reducing  agent^  such  as  snlphate  of  iron  or  pyrogallic 
acid.  This  causes  tiie  invisible  image  to  make  its  appearance,  those  parts  of  the  iodide  of  silver 
film,  npon  whidi  the  light  has  shone,  attract  to  themselves  molecules  of  metallic  silver,  ready 
to  precipitate  from  the  supemataut  liooid,  and,  in  the  course  d  a  few  minutes,  the  picture  has 
fully  appeared,  with  the  %bt  and  shade  reversed,  but  perfect  in  gradation  of  tint.  The  un- 
affected iodide  of  silver  is  lastly  dissolved  off  by  means  of  hyposulphite  of  sodium,  or  cyanide  of 
Sotassium,  and  the  picture  is  washed,  dried,  and  vaniished.  From  a  negative  of  this  kind 
undreds  of  positives  may  be  printed,  having  the  light  and  shade  as  in  nature.  (See  JPAoCo- 
graphy.) 

COLLOID.    {CcJUgelaUne.)    See  DiatysU. 

COLOUR  BLINDNESS.  An  infirmitv  of  the  human  eye,  by  which  it  is  unable  to  dis- 
tinguish certain  colours.  It  is  frequently  known  as  DaUonitm,  from  the  chemist  Dalton,  who 
laboured  under  this  disease.  The  eye,  in  most  instances,  is  sensitive  to  even  faint  light,  and 
distinguishes  perfectly  the  fonn  of  bodies ;  but  different  colours,  such  as  red  and  green,  cannot 
be  diBtinguished  from  one  another ;  thus  ripe  cherries  cannot  sometimes  be  distinguished  in 
colour  from  the  leaves  by  which  they  are  surrounded.  In  this  case,  looking  through  a  red 
glass  would  show  the  difference.  Daltonism  is  not  an  uncommon  infirmity,  and  it  should 
always  be  specially  looked  for  when  men  are  engaged  in  work  which  depends  on  appreciation  of 
colour.  Kailway  accidents,  for  instance,  may  occasionally  have  happened  owing  to  the  driver 
being  unable  to  distinguish  a  red  from  a  green  signal. 

.  COLOXJBED  FLAMES.    When  certain  metallic  compounds  are  introduced  into  a  non- 
luminous  flame,  such  as  the  flame  of  a  spirit  lamp,  or  a  Bunsen  gas  flame,  characteristic*^ 
colours  are  produced.    The  f  oUowing  is  a  list  of  the  principal  colour^  flames^  with  the  sab- 
stances  producing  them : — 

Blub  Flaues. 

Intense  blue,  ••••••  Chloride  of  copper. 

Pale  clear  bluei,       ••••••  Lead. 

Light  blue,  ••••••  Arsenic. 

Blue,  •••..••  Selenium. 

Gre^iish  blue,         ••••••  Antimony. 

Blue  mixed  with  green,      •  •  .  .  •  Bromide  of  copper. 

Gbxen  Flambb. 

Intense  emerald  green,       •  .  .  .  •  Thallium. 

Dark  green,  ......  Boradcadd. 

Full  green,  ...•••  Tellurium  or  copper* 

Emerald  green  mixed  with  Uue^    .  .  •  •  Iodide  of  copper. 

Pale  green,  ...•••  Phosphoric  add. 

Apple  green,  .•••••  Barium. 

Intense  whitish  green         •  •  •  .  •  Zinc. 

Bluish  green,  •••...  Binoxide  of  tin. 

YxLLOw  Flamb. 
Intense  yellow,       ••...•  Sodium. 

Red  Flambs. 

Intense  crimson,     ••«.••  Lithium. 

Bed,  .••••••  Strontium. 

Reddish  purple,       ••••••  Caldum. 

Violet,         .......  Potsssuun. 

These  observations  are  best  made  in  a  dark  room,  and  with  a  small  flame.  Very  beau- 
tiful spectrum  phenomena  are  observable  when  some  of  these  coloured  flames  are  examined  in 
the  spectroscope.    (See  Spectrum ;  Spectrotcope.) 

COLOURED  RINGS.     See  Newton's  Rings. 

COLOURED  SHADOWS.  When  a  coloured  light  (red  for  instance)  and  a  white  one  throw 
the  shadow  of  the  same  object  upon  a  white  surface,  that  thrown  by  the  interception  of  the 
white  light  will  look  red,  as  the  red  is  the  only  light  shining  on  that  part  of  the  surface.  But 
the  shadow  thrown  by  the  red  light  will  look  green.  This  is  caused  by  tiie  retina  being  some- 
what deadened  to  red  light,  owing  to  the  great  surface  illuminated  by  this  colour,  and  thex^ 
fore  causing  the  small  portion,  from  which  the  red  light  is  intercepted,  to  appear  gi^en,  the 
complementary  colour  to  red.  A  similar  effect  is  seen  at  night  when  a  double  shadow  of  a 
person  is  throvm  on  the  pavement  by  the  moon  and  a  gas  lamp. 

COLOURED  STARS,  SPECTRA  OF.     The  spectra  of  stats  which  present  a  decided 


COL  117  COL 

colour  are  generally  seen  to  have  some  portions  thickly  covered  with  black  lines,  whilst  other 
portions  ^  comparatively  free  from  black  lines.  Thus,  in  /3  Oygni,  there  are  two  stars  close 
together,  one  orange,  the  other  blue.  The  orange  star  gives  a  spectrum  in  which  the  dark  lines 
are  almost  entirely  confined  to  the  blue  and  violet  end,  whilst  Uie  spectrum  of  the  blue  star  is 
thickly  covered  with  dark  lines  in  the  red  and  orange  portion.     (See  StarSf  Spectra  of.) 

COLOUR  OF  TONE.  The  ear  can  distinguish  a  difference  between  two  notes  which  are 
of  the  same  pitch  and  the  same  loudness,  if  they  are  produced  by  instruments  of  different  kinds, 
as  a  flute  and  a  violin.  The  difference,  which  is  familiar  to  all,  can  scarcely  be  described,  nor 
its  rationale  properly  understood.  When  a  stretched  string  is  plucked,  it  is  seen  scarcely  ever 
to  move  in  a  plane,  but  its  parts  describe  elliptic  spirals,  the  axes  oi  which  revolve  or  oscillate. 
The  first  impulse  given  to  the  air  by  such  a  string  must  also,  therefore,  be  spirally  applied.  In 
the  case  of  the  flute  which  sounds  by  reason  of  simple  compression  and  rarefaction  of  the  air, 
no  such  spiral  impulse  is  given.  It  can  scarcely,  however,  be  allowed  that  the  complex  motion 
given  by  the  string  should  preserve  its  complexity  in  the  travelling  wave.  It  is  more  probable 
that  the  difference  of  colour  is  due  to  the  existence  of  feebly  sounding  harmonics.  When  a 
string  is  plucked  or  struck  at  its  centre  it  will  vibrate  as  a  whole,  giving  the  f imdamental  note ; 
it  will  also,  and  at  the  same  time,  vibrate  in  two  segments,  each  giving  rise  to  the  higher 
octave.  If  the  point  plucked  or  struck  be  not  the  central  one,  an  indefinite.number  of  harmonic 
and  other  notes  may  be  produced.  The  "  richness  "  of  a  note  seems  to  depend  upon  the  number 
of  these  secondary  sounds  upon  their  harmonizing  with  and  being  in  subordination  to  the 
fundamental  note.  Tins  relation  obtains  in  the  gong,  and  to  a  certain  extent  in  the  cymbal. 
A  note  to  which  the  expression  '* twang"  or  "dLang"  1b  applied  always  includes  several 
secondary  notes. 

COLOURS,  ABSOBPTION  OF.  No  transparent  substance  allows  all  colours  to  pass 
through  with  equal  facility,  except,  perhaps,  when  it  is  reduced  to  excessive  thinness.  Many 
substamces,  such  as  coloured  glasses,  are  almost  opaque  to  some  parts  of  the  spectrum,  whilst 
they  allow  otlier  colours  to  pass  through  readily.  Many  metallic  solutions,  when  examined  by 
means  of  the  spectroscope,  are  seen  to  absorb  different  colours  in  very  definite  parts  of  the 
spectrum,  forming  absorption  bands  or  lines,  varying  in  width  and  intensity  according  to  the 
strength  of  the  solution.  A  great  many  organic  colouring  matters  likewise  possess  this  property. 
For  further  particulars,  see  Papers  by  Professor  Stokes  (Chem.  Soc.  Jour,  xvii.,  p.  304),  and  by 
Dr.  J.  H.  Gladstone  (Chem.  Soc.  Jour,  x.,  p.  79).  See  Absorption  of  Light, 
COLOURS,  COMPLEMENTARY.    See  Complementary  Colours. 

COLOURS,  COMPOSITION  OF.  The  pure  colours  of  the  solar  spectrum  are  called 
simple  colours  ;  by  causing  two  or  more  of  these  to  mix  together  compound  colours  are  pro- 
duced. A  compound  colour  is  sometimes  similar  in  the  effect  it  produces  on  the  eye  to  a  simple 
colour,  but  more  frequenUy  it  is  different  to  any  in  the  i^ctrum.    Of  this  class  are  pink, 

brown,  &c.  

COLOURS,  NEWTON*S  SCALE  OF.  See  Newton's  Scale  of  Colours, 
COLOURS  OF  BODIES.  The  colour  of  natural  bodies  is,  in  most  cases,  due  to  their 
absorbing  some  colours  and  reflecting  others.  They  appear  to  be  of  the  colour  which  they  re- 
fldH  back  to  the  eye.  Some  colours,  however,  such  as  those  on  butterflies*  wings,  the  fea&ers 
of  some  birds,  the  wing  cases  of  insects,  opals,  mother-of-pearl,  &c.,  are  due  to  the  decomposi- 
tion of  light  by  reflection  from  grooved  ewfaeee,  or  thin  plates  (which  see).  The  colours  of 
bodies  depend  upon  the  kind  of  light  by  which  they  are  illuminated  :  thus  by  a  yellow  soda  flame, 
all  substances  appear  either  yellow  or  black.  iBodies  also  vary  in  colour  accordinc^  to  the 
mechanical  state  of  division  in  which  they  occur.  This  is  clearly  exemplified  in  the  beautiful 
phenomena  of  blue  and  ruby  gold,  investigated  by  Faraday.  (See  Oold,  Rdation  of  to  Light), 
Gold  in  thin  plates  reflects  yellow  and  transmits  green  light ;  but  when  suspended,  in  a  very 
fine  state  of  division,  in  water,  it  transmits  blue,  purple,  or  ruby  light,  according  to  the  state  of 
division  m.  which  it  \b  prectpitoted.  These  solutions  all  contain  metaJlic  gold  in  suspension,  as 
Faraday  has  most'condusivdy  shown,  and  yet  they  transmit  totally  different  ravs.  Dr.  Roscoe 
has  adduced  several  instances  of  similar  chiuage  of  colour,  which  he  considers  to  oe  due  to  minute 
division.  (See  Proceedings  of  the  Royal  Institution^  June  I,  1866).  He  considers  that  the 
varying  size  of  the  reflecting  particles  in  the  atmosphere  (dust,  aqueous  vapour,  germs,  &c.), 
may  aid  in  producing  the  widely  differing  sunset  tints,  from  deep  ruby  red  to  yellow,  and  even 
blue  ;  for  there  are  several  well-authenticated  cases  in  which  the  sun  has  been  seen  to  be  blue. 
Thus,  in  the  year  183 1,  a  blue  sim  was  noticed  over  a  great  part  of  Europe,  and  also  in  America. 
(See  Opalescence  of  the  Atmo^here.)  The  light  transmitted  by  finely  divided  sulphur  is  red  ; 
blue  sulphur  can,  however,  be  formed.  Thus,  if  we'add  sesquichloride  of  iron  to  solution  of 
sulphuretted  hy^bogen,  we  get  a  transient  but  very  splendid  purple  tint,  and  it  is  probable^hat 
this  IB  due  to  the  size  of  the  particles  of  sulphur  predpitatedL    If  we  heat  sulphuretted  hydro- 
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gen  water  up  to  200*  C,  the  gas  deoompoaes,  with  separation  of  sulphur,  and  the  solution  at- 
tains a  deep  blue  colour.  On  cooling,  the  colour  disappears,  sulphur  is  deposited,  and  the  liqnid 
becomes  milky.  Again,  if  we  dissolve  sulphur  in  anhydrous  sulphuric  add,  a  magnificent  deep 
blue  colour  is  obtained,  although  no  chemical  action  that  we  know  of  occurs.  When  the  ana- 
logues of  sulphur,  selenium,  and  telluriimi,  are  acted  upon  by  anhydrous  sulphuric  add,  they  also 
yield  magnificentiy  coloured  liquids,  selenium  giving  a  deep  olive  green  solution,  and  tellurium 
a  brilliant  ruby  red  colour.  The  ruby  red  gold  liquid  is  as  transparent,  and  app  urently  as  truly 
a  liquid  as  the  red  solution  of  tellurium,  yet  we  know  that  finely  suspended  metallic  gold  is  the 
cause  of  this  red  tint.  Dr.  Roecoe,  therefore,  asks  whether  it  is  contraiy  to  analogy  to  suppose 
that  the  colour  of  this  red  liquid  is  caused  by  the  particles  of  finely  divided  tellurium,  or  that  cf 
these  blue  and  green  liquids  by  the  partides  of  sulphur  and  silenium.  (See  Abwrption  of 
Idght). 

COLOURS  OF  FILMS.    See  Thin  PlaUs,  CoUmn  of, 

COLOURS  OF  GROOVED  SURFACES.    See  GroofBtd  Surfaces,  CoUniri  of. 

COLOURS  OF  METALS.    See  Metals,  Odours  of. 

COLOURS  OF  SALTS  IN  SOLUTION.  Dr.  J.  H.  Gladstone  has  suppUed  us  with 
nearly  all  the  knowledge  which  we  possess  on  the  rays  of  the  spectrum  which  coloured  salts 
absorb.  The  general  law  appears  to  be  this  : — ^A  particular  base  or  acid  has  the  same  effect  on 
the  rays  of  light  with  whatever  it  may  be  combined  in  aqueous  solution.  Hence  it  may  be 
inferred  that  when  two  bodies  combine,  each  of  which  has  a  different  influence  on  the  rays  of 
light,  a  solution  of  the  salt  itself  will  transmit  only  those  rays  which  are  not  absorbed  by 
either,  or,  in  other  words,  those  which  are  transmitted  by  both.  (PhU.  Mag.,  Dec.  1857.) 
The  method  of  examination  recommended  by  Gladstone  is  briefly  as  follows : — The  solution  to 
be  examined  is  placed  in  a  hollow  wedge  of  glass,  which  is  interposed  between  the  eye  of  the 
spectator  and  a  narrow  slit  in  the  window  shutter,  in  such  a  manner  that  the  thin  line  of  light 
is  seen  traversing  the  different  thicknesses  of  liquid.  This  line  of  light  is  then  analysed  by 
placing  a  good  prism  between  the  hollow  wedge  and  the  eye.  In  this  way  it  is  seen  at  once  what 
rays  are  absorbed  by  increasing  thicknesses  of  solution.  The  results  given  by  Dr.  Gladstone  show 
that  each  coloured  constituent  of  a  salt  retains  its  specific  absorbent  power  when  in  combination. 
Tliree  cases,  however,  which  he  gives  are  anomalous  ;  namely,  the  diromate  of  chromium,  the 
double  iodide  of  platinum  and  potassium,  and  the  ferric  f errocyanide  dissolved  in  oxalic  add. 
This  latter  transmits  blue  rays  in  great  abundance,  which  are  absorbed  both  by  ordinary  f  eirocya- 
nides  and  by  ferric  salts. 

The  effect  of  heat  on  the  colour  of  salts  in  solution  has  also  been  examined  by  Gladstone. 
As  a  general  rule  the  solution  >of  a  salt  has  the  same  power  of  absorbing  or  transmitting  the 
rays  of  light  at  all  temperatures.  Nevertheless  it  is  not  rare  to  find  oolounkl  salts  which  when 
dissolved  in  water  vary  in  shade  or  in  tint  according  to  tiie  temperature.  In  the  following 
jyi^tft'^op^  heating  the  solution  seems  merely  to  intensify  the  colour. 

Meconate  of  iron — ^red. 
Ter-bromide  of  gold — ^red. 
Pemitrate  of  cerium — ^red. 
Bichromate  of  potash — orange. 
Ferrocyanide  of  potassium — yellow. 
Molybdous  chloride — green. 

In  the  following  oases  a  change  takes  place  in  the  character  as  well  as  in  the  intensity  of  the 
colour  when  the  solution  is  heated ;  it  being  understood  that  the  change  of  colour  lasts  only  as 
long  as  the  heat  continues,  no  permanent  chemical  change  being  effected,  and  the  original  colour 
of  the  solution  returns  in  every  instance  as  it  cools. 

Bichloride  of  platinum,  while  it  becomes  more  intense  in  colour,  assumes  also  a  redder  tint. 
Protochloride  of  platinum  dissolved  in  hydrochloric  add  behaves  in  the  same  way.  Bichloride  of 
palladium  acts  similarly.  Ferrocyanide  of  potassium  gives  a  greenish  solution,  which  when 
heated  alters  in  colour,  and  if  not  too  dilute  assumes  a  distinctly  red  appearance.  Polysulphide 
of  potassium  passes  from  yellow  to  a  most  intense  red.  Sesquichloride  of  iron  passes  from 
yellow  to  a  most  intense  red.  Chloride  of  nickel  passes  from  a  bluish  to  a  yellowish  green. 
Iodide  of  nickel  when  dissolved  in  a  little  water  gives  a  dear  green  solution,  which  on  the 
application  of  heat  becomes  of  a  nondescript  shade  that  appears  distinctly  red  by  gaslight. 
Choride  of  copper  gives  a  green  saturated  solution  which  on  the  addition  of  more  water  becomes 
blue.  If  this  blue  solution  be  heated  (unless  too  dilute)  the  green  colour  is  restored.  Bromide 
of  copper  behaves  like  the  chloride.  Sulphocyanide  of  cobalt  in  a  TwiTiiwiTiTn  of  water  gives  a 
m^fnificent  bluish  purple  colour,  but  on  dilution  it  changes  to  the  ordinary  pink  tint  of  cobalt 
siuu  in  solution.  If  this  be  heated,  provided  it  is  not  too  dilute,  it  will  reassume  the  puiple 
hue.'  Chloride  of  cobalt  dissolves  in  water  always  of  a  pink,  and  in  absolute  idcohol  always  of 
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a  blue  colour,  while  in  inixtureB  of  alcohol  and  water  it  will  assume  an  intermediate  tint.  By 
arranging  properly  the  proportions  of  the  two  solvents  a  liquid  may  be  obtained  which  will  show 
all  the  <:haDgeB  of  an  aqueous  solution  of  the  sulphocyanide  passing  from  pink  through  purple  tr 
blue  when  it  is  heated,  and  conversely  from  blue  to  pink  when  it  is  cooled.  (See  AfmrpUon  of 
Light.) 

COLOURS  OF  THICK  PLATES.     See  Thick  Plata,  Colours  qf. 
COLOURS  OF  THIN  PLATES.    See  Thin  Plates,  Colours  of, 

COLOURS  PRODUCED  BY  POLARISATION.  When  a  thm  film  of  a  doubly  refract- 
ing crystal  is  viewed  in  the  polariscope,  very  brilliant  colours  are  produced,  depending  upon 
the  thickness  of  the  ^^m^  and  the  angles  which  the  polariser,  analyser,  and  crystalline  film  form 
with  each  other.  The  cause  of  the  production  of  colour  is  briefly  as  follows.  The  light  passing 
through  the  polariser,  is  doubly  refracted  by  the  crystalline  plate,  but,  as  this  is  excessively 
thin,  the  ormnaiy  and  the  extraordinary  ray,  which  pass  through  with  different  velocities, 
emerge  superposed,  and  the  vibrations  consequently  interfere  with  one  another,  producing  colour. 
As,  however,  the  colour  produced  by  one  set  of  waves  is  complement^iy  to  that  produced  by  the 
other  set  of  waves,  nothing  but  white  light  is  seen.  The  analyser  here  comes  into  play ;  this 
resolves  the  two  sets  of  rays  each  into  two  other  systems,  two  vibrating  in  one  plane,  and  the 
other  two  in  another  plane.  The  vibrations  in  each  plane  interfere  and  produce  colom*,  and 
these  being  in  opposite  states  of  vibration,  the  analyser  is  able  to  suppress  one  and  transmit  the 
other,  and  thus  render  the  colour  visible.  The  interfering  vibrations  in  one  plane  strengthen 
each  other,  whilst  those  of  the  opposite  plane  oppose  each  other,  and  the  result  is  that  the  colour 
produced  "by  interference,  in  one  case,  is  complementary  to  that  produced  in  the  other  case.  By 
rotating  the  analyser,  these  two  colours  are  alternately  transmitted,  passing  through  an  inter- 
mediate neutral  point  of  white  light.  The  best  crystal  for  showing  colours  is  selenite,  aa  it 
splits  very  easily  into  films  of  the  requisite  thickness.  If,  instead  of  selenite,  a  slice  of  a  uni- 
axial crystal,  such  as  calcspar,  is  exandned  in  the  polariscope,  the  amount  of  double  refraction 
varies  according  to  the  angle  which  the  light  forms  with  the  optic  axis,  and  the  varying  interfer- 
ence thereby  produced  causes  the  production  of  coloured  rings  around  a  black  cross.  If  the 
crystal  has  two  axes,  the  figure  is  somewhat  elliptical  around  a  black  cross,  which  on  rotation 
changes  into  two  black  hyperbolic  curves.    (See  Polarised  Light;  Polariscope.) 

COLUMBA.  (Abbreviated  from  Ccluniba  Noacki,  Noah's  Dove.)  A  small  southern 
constellation  formed  by  Royer.    It  comprises  a  somewhat  rich  group  of  small  stars. 

COLUMBIUM.  An  excessively  rare  metallic  element,  discovered  by  Hatchett  in  iSoi,  in 
a  mineral  called  columbite.  Subsequently  Wollaston  pronounced  Columbium  to  be  the  same  as 
Ekeberg's  tantalum.  In  1846  H.  Rose  was  led  to  conclude  that  columbite  contained  two  metals 
closely  resembling  tantalum  but  not  identical  with  it ;  to  these  he  gave  the  names  pelopium  and 
niobium.  He  has  since  found  that  niobium  and  pelopium  are  the  same  metal,  and 
he  therefore  discarded  the  name  pelopium  and  retained  niobium.  But  this  niobium  is  the  same 
as  Hatchett's  columbium,  and,  ^erefore,  it  is  only  right  that  it  should  be  recognised  by  the 
name  given  to  it  by  the  original  discoverer.  This  alteration  of  name  is  now  gradually  coming 
into  use,  and  chemists  wiU,  it  is  hoped,  recognise  columbium  and  tantalum  as  the  two  metals 
which  have  been  vaguely  known  under  the  names  tantalum,  niobium,  pelopium,  and  colum- 
bium. 

COLUMN,  ELECTRIC.  Another  name  for  Yolta's  Pile  (which  see).  It  is  called  an  elec- 
tric column  from  its  form  ;  consisting,  as  it  does,  of  a  pillar  composed  of  a  very  large  number  of 
copper,  zinc,  and  moistened  flannel  discs  piled  one  above  the  other  alternately. 

COLURE.  {K6\ovpoSy  curtailed,  imperfect).  In  astronomy,  a  colure  is  a  great  circle  of  the 
sphere  passing  through  the  poles  of  the  heavens,  and  the  equinoctial  points  and  solstitial  points 
on  the  ecliptic.  The  circle  through  the  equinoctial  points  is  called  the  equinoctial  colure,  that 
through  the  solstitial  points,  the  solstitial  colure,  A  part  of  these  circles  is  at  all  times  beneath 
the  horizon ;  hence,  (it  is  supposed),  their  being  named  colures. 

COMA  (Abbreviated  from  Coma  Berenices,  Berenice's  Hair.)  One  of  Ptolemy's  northern 
constellations.  Doubtless  this  star-group  originally  belonged  to  the  constellation  Leo.  It 
consists  of  a  somewhat  widely  dispersed  duster  of  small  stars.  Sir  William  Herschel  considered 
this  group  as  the  nearest  of  the  system  of  nebulas  which  occupies  the  region  covered  by  the  con- 
stellation, a  theory  which  is  not  clearly  intelligible  when  we  remember  that  some  of  the  stars 
forming  the  constellation  are  of  the  fourth  magnitude,  and  would  therefore  seem  to  belong 
beyond  question  to  the  sidereal  system,  not  to  be  the  components  of  an  external  galaxy. 
COMBINATION,  CHEMICAL.  See  Jffinitij  ;  Atomic  Theory. 
COMBINATION,  HEAT  OF.     See  Heat  of  Combination. 

COMBUSTION.  {Comburo,  Combustus,  to  consume).  When  substances  combine  chemically, 
and  the  combination  is  attended  bv  the  evolution  of  light  and  heat,  the  phenomenon  is  called 
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combustion.  All  ordinary  combustion  is  the  union  of  an  inflammable  body  with  oxygen  gas, 
the  most  familiar  example  of  which  is  found  in  the  burning  of  coal  in  a  fireplace.  As  other 
forms  of  combustion,  we  have  metals  burning  in  chlorine,  or  the  vapour  of  bromine.  Substances, 
like  oxygen,  which  combine  with  inflammable  bodies  attended  by  tne  phenomenon  of  combustion^ 
are  called  tupportert  of  combuttian  ;  while  the  substances  burnt,  such  as  coal,  are  called  conUnuti' 
hies.  The  term  doto  com&iMtum,  which  is  sometimes  used  in  such  cases  as  the  gradual  oxida- 
tion of  moist  phosphorus,  ia  very  inappropriate,  and  should  always  be  replaced  by  dow  oxidation^ 
or  Uow  chemical  union ;  because  combustion  is  a  more  or  less  violent  action,  accompanied  by  the 
production  of  intense  light  and  heat.  When  carbon  la  burnt  in  oxygen  gits,  we  have  an  example 
of  combustion  ;  but  when  the  electric  arc  paases  between  two  carbon  points  placed  in  a  vacuum, 
we  have  an  example  of  ignition.  According  to  a  theory,  which  has  received  considerable  sup- 
port, the  heat  pxt>duced  duxing  chemical  combination  is  caused  by  the  direct  conversion  of 
motion  into  heat.  (See  Heat ;  Mechanical  Equivalent  of  Beat.)  Thus,  the  combustion  of  carbon 
in  oxygen,  is  said  to  be  due  to  the  clashing  of  carbon  and  oxygnn  atoms,  which  rush  together 
imder  the  influence  of  the  force  of  chemical  affinity  with  an  enormous  velocity,  and  when  they 
come  into  collision  their  motion  of  translation  is  transmuted  into  that  kind  of  vibratory  motion 
which  we  call  heat. 

COMES.  (A  Companion.)  A  name  sometimes  given  by  astronomers  to  the  smaller  star  of 
a  very  unequal  pair. 

COMET.  (ico/Ai^t,  long  haired.)  The  name  given  by  astronomers  to  a  class  of  celestial 
objects  presenting  a  nebulous  aspect,  but  traversing  the  interstellar  spaces,  and  becoming  known 
to  us  by  passing  within  the  limits  of  the  sun's  attraction.  Many  of  them  belong  to  the  solar 
system,  travelling  in  closed  paths  around  the  sun. 

Although  the  idea  that  comets  may  travel  in  periodic  orbits  around  the  sun  had  suggested 
itself  to  t£e  ancients,  and  was  even  said  to  have  been  definitely  taught  by  the  ancient  Chaldieaa 
astronomers,  we  owe  to  Newton  the  first  enunciation  of  this  theonr.  He  founded  it  upon  the 
calculations  he  had  applied  to  the  motions  of  the  great  comet  of  1680.  The  theory  can  hardly 
be  said  to  have  been  proved,  however,  until  the  time  of  HaUey^s  researches  into  the  motions  and 
periodic  returns  of  the  comet  which  bears  his  name,  or  perhaps  even  until  the  date  of  the  first 
return  of  this  comet  in  accordance  with  Halley*s  predictions. 

A  comet  usually  presents  the  appearance  of  a  comOf  or  haze  of  light  surrounding  a  somewhat 
bright  nucleus.  As  the  comet  approaches  the  sun  the  haze  of  light  generally  grows  elongated, 
and  when  the  comet  is  a  large  one,  traces  begin  to  be  seen  which  indicate  the  approaching 
formation  of  a  taU.  A  certain  appearance  of  s&eakiness  in  the  comet's  light  usually  precedes 
the  formation  of  the  taiL  The  direction  ot  the  tail  is  nearly  always  from  the  sun.  It  grows 
longer  and  brighter  as  the  comet  approaches  perihelion.  After  perihelion  passage  nuuiy  comets 
are  greatly  changed  in  appearance.  Some  are  brighter  and  more  striking  than  they  were  before 
perihelion  passage  ;  while  others  are  shorn  of  a  large  proportion  of  their  splendour.  The  latter 
was  the  case  wiUi  the  comet  of  1835-36,  as  we  leam  from  Sir  J.  Herschel  who  observed  it  in 
the  southern  heavens  after  it  had  passed  away  from  our  skies.  On  the  contrary,  the  comet  of 
181 1  appeared  in  its  full  splendour  after  perihelion  passage. 

The  only  feature  which  belongs  to  all  comets  is  the  coma.  Many  comets  have  no  nucleus, 
and  quite  a  large  proportion  have  no  tail ;  on  the  other  hand,  some  comets  have  more  than  one 
tail.  One  appeared  in  1744  which  had  no  less  than  six  tails,  symmetrically  disposed  in  the 
figure  of  a  half  opened,  but  somewhat  curved  fan.  Others  have  exhibited  a  yet  more  anoma* 
lous  appearance,  having,  besides  a  tail  in' the  usual  position,  a  second  abnormal  tail,  inclined  to 
the  fint  at  a  considerable  angle.  Sometimes  the  tail  seems  completely  separated  from  the 
head  by  a  dark  gap ;  more  conunonly,  however,  there  is  a  dark  space  immediately  behind  the 
head,  but  on  each  side  of  this  space  the  light  from  the  head  is  continued  so  as  to  form  a  bright 
border  on  each  side  of  the  taiL 

The  real  dimensions  of  comets  must,  in  many  cases,  be  regarded  as  inconceivably  vast,  many 
times  larger,  for  example,  than  the  combined  volume  of  the  sun  and  all  the  orbs  which  circle 
round  him.  On  the  other  hand,  comets  are  bodies  of  small  mass,  their  attractions  not  appear- 
ing to  have  any  influence  even  on  the  smallest  bodies  belonging  to  the  solar  system. 

The  particulars  in  the  three  following  paragraphs  are  taken  from  the  excellent  appendix 
which  Mr.  Dunkin,  of  the  Greenwich  Observatory,  has  added  to  Lardner's  Handbook  of 
Astronomy. 

Distribution  of  the  Cometary  Orbits  in  space.  Although  the  cometaiy  orbits  exhibit  every 
variety  of  figure  and  position,  while  some  comets  travel  in  a  retrograde,  others  in  a  direct 
manner  around  the  sun,  yet  there  are  not  wanting  signs  of  law,  even  in  the  distribution  of  the 
paths  followed  by  these  seenoingly  most  erratic  bodi^.  In  the  first  place  as  regards  the  inclina- 
tion of  the  cometary  orbits,  there  are  signs  of  a  tendency  among  the  planes  of  these  orbits  to 
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ooUect  themaelves  as  tangent  planes  to  an  imaginazy  cone,  having  the  sun  aa  its  vertex,  its  axis 
ftt  right  angles  to  the  plime  of  the  ediptic,  and  having  a  half  vertical  angle  of  about  45  degrees. 
As  regards  the  distribution  of  the  cometic  perihelia^  there  seems  to  be  a  well-marked  tendency 
to  a  great  increase  in  the  sun^s  neighbourhood.  The  following  table  indicates  the  proportionaJ 
nombiar  of  perihelia  found  between  given  limits  of  distance,  and  the  deduced  richness  of  dis- 
tribation  of  perihelia^  the  column  h^Mied  cubical  space  referring  to  the  actual  volume  of 
spherical  shells  centrally  placed  round  the  sun,  and  having  their  bounding  surfaces  at  the  distances 
from  him  which  are  indicated  in  the  first  column : — 


limiting  Distances 

from  San  In  mUUons 

of  miles. 

Ntunber  of 
Perihelia. 

Cubical  Space. 

Density  of 
Feriheila. 

0  to    ao 
ao  to    40 
40  to    60 
60  to   80 
80  to  xoo 
xoo  to  xao 

8*65 
XX-70 
30*30 

X7'30 

ao-80 
8-65 

X 

7 

X9 

il 

9t 

8-65 
x-67 
1-06 

o*47 
0-34 
0095 

It  is  impossible  not  to  recognise  in  the  relations  here  presented  the  existence  of  a  well- 
marked  law  of  increase  towards  the  sun*s  neighbourhood.  This  increase  is  the  more  remark- 
able, becauseall  comets  whose  orbits  lie  wholly  within  the  earth  must  escape  recognition. 
One  can  hardly  doubt  that  many  such  bodies  exist.  If  so,  the  number  of  perihelia  within  the 
earth's  orbit  may  increase  in  a  very  much  greater  proportion  than  that  indicated  in  the  above 
table. 

General  Laws  creeling  ComeUe  Orbital  Motums,  Although  the  comets  present  so  many  re- 
markable features  of  diversity  from  all  the  other  members  of  the  solar  family,  yet  the  diversity 
is  less  marked  in  some  oometic  groups  than  in  others.  For  example,  the  orbitB  of  the  comets 
which  travel  within  the  path  of  Satrun  are  characterised  by  a  tendency  to  exhibit  what  may  be 
termed  planetary  features.  Many  of  them  are,  indeed,  inclined  to  the  plane  of  the  ecliptic  at 
considerable  angles,  yet  they  show  a  decided  general  preference'for  that  plana  In  this  respect, 
indeed,  they  dosely  resemble  the  asteroids,  but  their  eccentricity  is  in  every  instance  greater 
than  in  any  case  of  asteroidal  motion.  The  following  table  indicates  these  relations  un- 
mistakably : — 


Kame  of  Comet 

from  Sun. 

Eocentddtj. 

Period  in  years. 

Encke's  .    .    .    r 

3*ax8x 
a-8490 
a'9337 
30913 
3*xo38 

3»343 
3M63 
3-X560 
3*x6oa 
3-4618 
3-5306 
3*8xx8 

08640 
0*73x3 
0*6x73 

o*7547 

0-7S5* 
0*6609 
0*7561 
0*5570 
0*6784 
0-7567  * 

13?  4'«5" 

0  XX   6 

8    X4S 

1  5343 
a  54  45 

xo  48  4 

30  5751 
X  3438 
xo  43  48 
X3  56  6 
X3  33x7 

XX   33    7 

47  43  0 
X3    ax4 

3*303 
4-809 
5025 

5435 

.  5469 

S'549 

S'607 

5'6i8 

6-380 

6-635 

7*4x4 
10*025 

«5*990 

BUinpain'fl .    .    . 
Barckhardt's   .    . 
ClAQBen's    .    .    . 
DeVlco's    .    .    . 
Winnecke's     .    , 
Bronen's    .    .    . 
Lexell's  .... 

Folia's     .... 
D'Airestrs  .    .    , 
Biela's    .... 

F^e's     .... 

PIgOtf 8   .... 

Petexs's  ...» 

AU  these  Camett  travd  in  a  direct  VMnner  around  the  sun. 

Now,  in  considering  a  group  of  comets  having  mean  distanceii  considerably  exceeding  those 
of  the  comets  in  tiie  Sbave  list,  we  find  at  once  increased  eocentridbr,  a  muoh  greater  average 
of  inclination,  and  no  longer  that  uniformly  direct  motion  which  characterises  the  comets  (^ 
short  period. 

Take  for  instance  the  following  table,  which  includes  six  comets  whose  aphelia  lie  beyond, 
but  not  (relatively)  veiy  far  beyond  the  oMi  of  Neptune : — 
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Name  of  Comet. 

Mean  distance 
from  Sun. 

Eooentrleiiy. 

Period  in  yean. 

Wertphid's  .... 

Pons's 

DeVioo's     .... 

Olbera' 

Bronen's      .... 
Hftlle/s 

x6'6soo 

17  •095s 
X7-53?6 
176338 
J7'779S 
179875 

0*9248 
0-9545 
09544 
0*9312 
09726 
09674 

4o's8'3a" 
73  57   3 
84  57  X3 
44  9955 
19    825 

X7  45   5 

67*770 
70*068 
73a50 
74050 
74970 
76-680 

Of  theae  the  first  five  move  in  a  direct^  the  nscth  in  a  retrograde  manner. 

Now,  notMrithstanding  the  fact  that  amongst  these  two  groups  direct  motions  prevail  so 
considerably  over  retrograde  motions,  yet  in  taking  203  oometo,  whose  direction  has  been  ascer- 
tained, Mr.  Dunkin  finds  104  which  have  direct,  and  99  which  have  retrograde  motion,  an 
equality  of  distribution  showing  that,  so  far  as  all  the  comets  not  specially  associated  with  our 
B^nitem  are  concerned,  no  trace  exists  of  any  law  governing  the  direction  of  motion. 

It  will  be  noticed  of  the  two  groups  of  comets  dealt  with  in  the  above  tables  that  their  orbits 
are  related  in  a  somewhat  intimate  manner  with  the  orbits  of  Jupiter  and  Saturn  as  respects 
the  first  group,  and  that  of  Neptune  in  the  case  of  the  second.  The  aphelia  of  all  the  comets 
of  the  first  group,  except  the  last  two,  lie  relatively  not  far  from  the  orbit  of  Jupiter,  those  of  the 
remaining  two  comets  are  in  like  manner  aasodated  with  the  orbit  of  Saturn,  while  the  orbits  of 
all  the  comets  in  the  second  table  are  associated  in  a  similar  way  with  the  orbit  of  Neptune. 

This  evidence  points  to  the  conclusion  that  those  comets  which  now  form  part  of  the  solar 
system,  revolving  in  closed  orbits  around  the  sun,  have  been  introduced  into  tfaiat  system  by  the 
action  of  the  major  planets.  It  is  clear  that,  supposing  a  comet  were  approaching  the  sun 
from  outer  space,  on  a  path  which,  if  there  were  no  disturbing  force,  would  carry  it  close  to  the 
sun,  and  then  away  into  space  again  never  to  return,  the  action  of  a  major  planet,  which  should 
happen  to  be  close  by  the  comet's  path,  might  very  well  serve  to  deflect  the  comet  into  a  new 
orbit,  having  an  elliptical  instead  of  a  parabolic  or  hyperbolic  figure.  And  it  is  easy  to  see 
that  in  the  majority  of  instances,  the  scene  where  this  disturbance  took  place,  would  be  near  the 
part  of  the  comet*s  new  orbit  which  was  mott  curvai,  in  other  words,  would  be  near  the  aphelion 
of  the  new  orbit.  Now  if  the  comet's  path  were  considerably  inclined  to  the  plane  of  the 
ecliptic,  it  will  be  obvious  that  in  travelling  on  its  new  path  the  comet  would  only  be  liable  to 
fresh  disturbance  when  either  near  the  scene  of  its  introduction  into  the  planetary  scheme,  or 
at  the  exactly  opposite  part  of  its  path,  where  it  would  again  cross  the  plane  of  the  ecliptia 
If,  as  would  commonly  be  the  case,  this  second  point  did  not  lie  near  the  orbit  of  a  planet,  the 
comet  would  be  only  liable  to  fresh  disturbance  when  near  the  scene  of  its  first  introduction  into  the 
solar  system.  Thus  we  can  understand  the  exirtence  of  groups  of  comets  depending  on  the 
major  planets,  in  such  a  way  that  while  the  sun  principally  sways  their  movementi^  one  or 
other  of  the  major  orbs  is  a  sort  of  subordinate  ruler  which  may  be  able  at  some  future  time  to 
expel  the  very  comet  it  had  introduced  into  the  solar  system.  This  is,  indeed,  no  imaginary 
case,  since  Lexell's  comet,  which  was  forced  by  the  attraction  of  Jupiter  into  an  orbit  having 
a  mean  period  of  about  54  years,  was  again  encountered  by  Jupiter  after  completing  two 
revolutions  round  the  sun,  and  sent  off  on  an  orbit  which  extends  far  out  into  space,  even  if  it 
be  not  parabolic  or  hyperbolic  in  figure.     The  comet  has  never  been  seen  since. 

We  know  so  little  respecting  the  physical  condition  of  comets  that  it  would  be  hazardous  to 
speculate  at  present  concerning  their  real  nature.  A  theory  of  great  ingenuity,  and  (what  is 
novel  in  this  branch  of  speculation)  founded  on  physical  experiments  which  really  seem  to  have 
some  bearing  on  the  subject,  has  lately  been  put  forward  by  Professor  Tyndall,  who  Lb  disposed 
to  regard  the  toils  of  comets  as  resulting  from  the  formation  of  a  species  of  actinic  cloud  by  the 
action  of  the  solar  rays,  after  their  character  has  been  altered  during  their  passage  through  the 
comet's  head.  At  present,  however,  it  is  difScult  to  say  whether  such  a  theory  is  weU  or  ill 
founded,  because  we  have  so  little  positive  evidence  respecting  the  actual  physical  condition  of 
cometic  substance. 

COMETAKY  SPECTRA.  Mr.  Huggins  has  discovered  that  comets  yield  a  spectrum  con- 
sisting  of  three  or  four  luminous  bands  much  wider  apart  than  those  in  the  nebulsB.  Brorsen's 
comet,  1868,  gives  three  bands  not  identical  in  position  with  those  of  any  known  substance,  but 
the  three  bands  of  comet  II.  of  1868  coincide  with  the  spectrum  of  incandescent  defiant  gas  or 
carbon  (see  Mr.  Huggins's  paper,  Phil.  Trant,  1S68,  p.  529.)     (See  Spectrum.) 

COMMUTATOR.  {Muio,  to  tarn.)  A  piece  of  apparatus  used,  for  making,  breakinflr, 
and  reversing  a  current  from  the  battery,  in  connection  with  many  electrical  instruments. 
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There  are  many  fornui  of  commutator;  the  arrangement  used  depending  entirely  on  the 
pmpose  for  which  it  is  employed.  Frequently  it  consiBts  of  an  ivory  cylinder  into  which  are 
let  at  intervals  slips  of  brass  whose  number  depends  upon  the  connections  to  be  made.  These 
slips  are  connected  with  each  other  in  pairs,  and  the  cylinder  is  turned  upon  its  axis  by 
means  of  a  handle.  Against  the  surface  of  the  cylinder  sprmgs  press,  which  are  connected  with 
the  batteries,  galvanometers,  or  other  instruments,  by  wires  proceeding  to  binding  screws  attached 
to  them.  When  they  press  upon  the  ivory  parts  between  the  brass  slips  on  the  cylinder,  con- 
nection is  cut  off,  since  ivory  is  an  insulator,  but  when  the  ivory  cylinder  is  turned  round,  and 
they  press  upon  the  brass  slips,  the  circuit  is  completed,  in  any  required  direction,  by  means 
of  tile  wires  joining  these  slips. 

Other  commutators  are  described  in  connection  with  the  instruments  to  which  they  are  applied. 

COMPARISON  OF  THE  INTENSITY  OF  TWO  LUMINOUS  SOURCES.  See 
Phototnetfy, 

COMPASS.  Primarily  an  instrument  for  showing  the  magnetic  north  and  south 
line,  founded  upon  the  power  which  the  earth  has  of  causing  a  magnet,  supported  so  as 
to  be  capable  of  turning  roimd  a  vertical  axis,  to  take  up  a  definite  position.  Since,  however, 
the  phenomena  of  magnetism  have  become  better  understood,  the  name  has  been  extended  to 
include  every  instrument  for  examining  qualitatively  the  directive  tendency  of  the  earth  upon 
a  magnet.  If ,  as  is  fully  explained  imder  Magnetism,  Terrestrialy  a  magnetised  bar  could  be 
freely  suspended  about  itis  centre  of  gravity— that  is,  so  as  to  be  capable  of  turning  in  any  direc- 
tion whatsoever — it  would  take  up  a  certain  position  depending  upon  its  place  on  the 
earth^s  surface.  In  England  it  would  point  nearly  to  the  geographical  nortii  and  south, 
and  it  would  dip  downwards  at  the  same  time,  making  an  angle  of  about  70°  with  the  horizon- 
tal plane.  An  instrument  for  observing  the  north  and  south  directive  tendency  or  the  declina- 
tion is  called  a  declination  compcut,  or,  more  frequently,  simply  a  eompasa.  An  instrument  for 
observing  the  dip  or  inclination  is  called  an  ineUnalion  compoM,  and  frequently  a  dipping 
needle.  It  is  the  first  of  these  instruments  which  we  shall  now  describe,  as  it  is  the  one  to 
which  the  word  compass  originally  belonged ;  the  description  of  the  other  will  be  found  below. 

The  history  of  this  instrument  is  entirely  unknown.  There  is  good  reason  for  believing  that 
the  Chinese  were  acquainted  with  the  use  of  it  seven  hundred  years  at  least  before  it  was  em- 
ployed by  European  nations.  The  general  use  of  it  in  Europe  appears  to  have  been  introduced 
about  the  end  of  the  thirteenth  century.  It  was  known  in  the  twelfth  century,  the  first  men- 
tion of  it  being  made  by  a  French  writer  of  that  period. 

The  compass  in  its  simplest  form  consists  of  a  bar  magnetised  longitudinally,  and  supported 
by  a  vertical  needle  point,  so  as  to  be  free  to  move  in  the  horizontal  plane.  A  delicate  method 
of  suspension  is  obtained  by  boring  through  the  bar,  and  attaching  just  above  the  hole  a  hol- 
lowed cup  of  agate  or  ruby,  by  which  the  bar  rests  upon  a  very  fine  needle  point.  A  sufficiently 
light  magnet  supported  in  this  way  is  but  little  interfered  with  by  friction.  The  magnet  thus 
suspended  is  placed  inside  a  circular  compass  box,  and  on  a  white  card  in  the  bottom  of  it  the 
points  of  the  compass  (see  Bhumbs),  with  half  points  and  quarter  points,  are  marked ;  and  fre- 
quently the  circumference  of  the  card  is  divided  into  degrees  and  quarters  of  a  degree.  By 
observing,  then,  the  direction  in  which  the  magnet  points,  and  by  knowing  the  angle  of  varia- 
tion for  the  place  of  observation,,  the  true  or  geographical  north  and  south  line  is  detennined.  The 
angle  of  variation  is  the  angle  by  which  the  north  and  south  line,  as  indicated  by  the  compass, 
differs  from  the  geographical  north  and  south  line.  (See  Magnetignij  Terrestrial,)  For  Green- 
wich this  angle  is  at  present  (1870)  19^$^  '^^^ — ^^^  ^  ^  ^7*  ^^  magnet  pointo  to  the  west 
of  true  north  by  that  amount.  North  of  Greenwich  the  angle  increases ;  thus  at  Edinburgh 
it  iB  2°5'  greater.    (See  also  Compass.  Mariner's.) 

COMPASS,  THE  AZIMUTH.  The  admvih  distance  of  any  point  in  the  heavens  is  the 
distance  measured  along  the  horizon  between  the  foot  of  a  secondary  to  the  horizon  through  the 
point,  and  the  point  of  intersection  of  the  astronomical  meridian  with  the  horizon.  The  same 
is  the  definition  of  the  magnetic  azimuth  distance  of  a  point,  if  for  astronomical  meridian,  mag- 
netic meridian  be  substituted.  The  Azimuth  Compass  is  an  instrument  for  determining  the 
magnetic  azimuth  of  a  point ;  and  it  is  plain  that,  by  knowing  the  astronomical  azimuth,  and 
likewise  the  magnetic  azimuth  of  a  point,  we  can  at  once  determine  the  variation  of  the  compass 
at  the  place  of  observation.     (See  Compass,  Variation  of.) 

The  Azimuth  Compass  is  a  mariner's  compass,  which  has  the  card  divided  into  degrees  and 
quarters  of  a  degree  round  the  circumference,  and  at  opposite  points  of  the  box  are  fitted  two 
upright  pieces  of  brass,  with  slits  down  the  middle,  through  which  the  sun,  star,  or  other  object 
may  be  viewed.  These  uprights  are  called  the  sights  of  the  instrument.  A  vertical  wire  or  hair 
IB  stretched  in  the  middle  of  one  of  the  slits  ;  the  other  is  furnished  with  a  triangular  prism, 
arranged  so  as  to  reflect  the  division  of  the  compass  card  just  below  the  sight  up  to  the  eye. 
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This  sight  has  also  an  eye-pieoe  with  coloured  glaaaes  to  preserve  the  eyes  when  the  sun  is  the 
object  observed. 

In  order  to  ttse  the  instrument,  the  whole  box  is  turned  round  a  vertical  axis,  till,  on  looking 
through  the  eye-piece  and  the  sight  opposite,  the  object  to  be  observed  appears  through  the  slit, 
bisected  by  the  hair,  which  passes  down  the  middle  of  it.  At  the  same  time,  the  prism  reflects 
the  divisions  of  the  scale  to  the  eye  of  the  observer,  and  the  number  read  off  expresses  the 
magnetic  azimuth  distance  of  the  object. 

COMPASS,  DECLINATION ;  or,  Dedinometer.  The  instrument  by  which  the  angle  of 
magnetic  declination  is  determined — that  is,  the  angle  between  the  planes  of  the  magnetic  and 
geographical  meridians.    (See  DecUnaJtion^  Dedinometer,  and  Magnetism,  Terrettrial.) 

COMPASS,  INCLINATION ;  or,  Dipping  Needle,  An  instrument  for  measuring  the 
angle  of  magnetic  indinationy  or  the  angle  which  a  magnet,  turning  about  a  horizontal  axis, 
and  placed  in  the  magnetic  meridian,  makes  with  the  horizontal  pluie.  (See  Dipping  NeedU, 
and  Magnetiim,  Terrestrial.) 

COMPASS,  MARINER'S.  A  particular  form  of  compass  especially  adapted  to  use  at  sea. 
To  the  upper  side  of  a  magnetised  needle  turning  upon  a  suitable  pivot  as  described  above 
(see  Compass),  is  attached  a  circular  plate  of  mica  in  the  centre  of  which  is  traced  a  star  with 
32  rays,  whidi  are  the  rhumbs  or  points  of  tke  compass  as  they  are  called.  In  order  to  avoid  ^e 
effect  of  pitching  and  rolling  of  the  ship,  the  compass  is  supported  on  gimhcdds.  These  are  two 
concentric  copper  rings ;  the  larger  ring  turns  upon  a  horizontal  axis  whose  extremities  rest  in 
the  sides  of  the  extenor  case  which  contains  the  compass.  The  interior  ring  turns  upon  an 
axis  which  passes  through  two  opposite  points  of  the  drcxmiference  of  the  outside  ring  in  a 
line  at  right  angles  to  the  axis  on  which  it  turns.  The  compass  is  fastened  to  the  inside  ring, 
and  its  weight  tends  to  keep  the  plane  of  the  rings  horizontal  Thus  supported,  the  compass- 
box- and  card  always  keep  their  position  in  spite  of  the  pitching  of  the  vessel.  A  black  vertical 
line  is  drawn  inside  the  compass-box,  so  placed,  that  the  line  joining  it  with  the  point  on  which 
the  card  turns  is  that  of  the  ship's  motion ;  and  thus  the  point  of  the  card  which  stands 
opposite  to  it  indicates  the  direction  in  which  she  is  sailing;  with  reference  to  the  magnetic 
meridian  of  the  place.  For  night  sailing  a  lamp  is  arranged  so  as  to  throw  its  light  up  from 
beneath  through  the  mica  card,  and  the  points,  whichare  opaque,  appear  dark  upon  a  bright  ground. 

A  great  obstacle  to  the  use  of  the  compass  is  found  in  the  magnetism  of  the  ship  itaefi.  An 
aocoimt  of  this  will  be  found  under  Magnetism  of  Skips,  Various  plans  have  been  proposed  for 
doing  away  with  the  effect  of  it,  such  as  by  placing  near  to  the  compass  masses  of  soft  iron,  or 
bv  having  a  compass  card  distorted  to  suit  the  particular  ship.  Since,  however,  the  magnetism 
of  the  ship  is  not  permanent,  but  alterable  by  change  of  position,  by  rough  weather,  and  so 
on,  these  methods  can  never  be  wholy  successfuL  In  lazge  ships  a  compass  is  frequently 
placed  at  the  mast  head,  and  this  being  veiy  much  out  of  &&  influence  of  the  local  attraction 
the  error  of  the  deck  compass  can  be  determined  by  comparison.  This  error  is  also  frequently 
determined  when  possible  by  observing  a  distant  object  on  shore  and  noting  the  effect  on  the 
Azimuth  Compass  while  the  ship  is  gradually  swung,  that  is,  has  its  head  turned  round  to  eveiy 
point  of  the  compass.  The  terrettfial  variations  of  the  compass  vrill  be  found  discussed  in  a 
separate  article.    (See  Compass,  Variations  of;  Dedination;  and  Magnetism,  Terrestrial,) 

COMPASS,  POINTS  OF  THE.    SeeMumhs, 

COMPASS,  SINE,  more  usually  called  a  Sine  Oalvanometer,  Is  an  instrument  for 
determining  the  strength  of  an  electric  current.    (See  Sine  Oalvanometer.) 

COMPOS,  TANGENT,  more  generally  called  a  Tangent  Galvanometer,  An  instrument 
used  for  detemdning  the  strength  of  an  electric  current.  We  have  described  it  under 
Oalvanometer. 

COMPASS,  VARIATION  OF.  The  term  "  variation  of  the  compa8s7'  is  frequently  used 
as  synonymous  with  deviation  qf  the  compass,  or  dedination  of  the  compass,  (See  Dedi- 
nation.) 

COMPASS,  VARIATIONS  OF.  The  magnetic  elements,  viz.,  the  angles  of  declination 
and  inclination  and  the  intensity,  do  not  always  remain  the  same,  but  are  subject  to  changes 
or  variations  both  periodical  and  also  irregular.  Of  the  former  kind  there  are  secular  variations, 
or  those  which  take  very  long  periods  of  time,  as  centuries,  for  their  completion,  and  there  are 
also  annual  and  diurruU  variations.  These  variations  as  well  as  the  irregular  ones,  it  is  the 
object  of  magnetic  observatories  to  determine  and  to  record.  The  methods  of  doing  so  and  the 
instruments  used,  wiU  be  found  described  under  the  proper  heads.  (See  Observatory,  Magnetic; 
Dedinometer  ;  Dipping  Needle.)    It  is  the  nature  of  the  variations  we  are  concerned  with  here. 

The  nature  of  the  secular  variations  of  magnetic  declination  will  be  best  understood  from 
examining  the  following  table  which  gives  the  values  of  the  angles  at  London  for  a  number  of 
years. 
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In  1576  the  angle  of  declination  was  in  England,  ii**  15'  E&3t. 
1622  „  „  6** 

1660  „  „  ©• 

1730  „  „  13*  West. 

1760  „  „  19^30' W. 

I818  „  ^  24°4i'  W.  mazIniTim. 

1850  „  „  22''29' 

1370  „  „  I9°55' 

ThuB  it  appears  that  in  1576,  the  first  year  of  which  we  have  any  record,  the  needle  pointerl 
11*^15'  to  the  east  of  tme  north.  This  angle  gradually  decreased  till  the  year  1660,  when  the 
line  of  the  needle  was  the  same  as  the  geographical  north  and  south  line.  The  declination 
then  gradually  took  a  westerly  value,  increasing  till  the  year  18 18,  when  the  needle  pointed 
24''4i  to  the  west  of  the  geographieal  north.  This  was  its  maximum,  and  from  that  time  till 
the  present  the  angle  has  been  diminishing.  At  present,  1870,  the  magnetic  needle  points 
1 9*^5  5'  west  of  true  north.  On  examinfog  the  table  it  is  easOy  seen  that  the  rate  of  change 
per  annum  is  not  always  the  same.  In  approaching  the  geographical  meridian,  it  appears  to 
be  accelerated,  and  in  approaching  its  TnaTimum  value  to  be  retarded.  The  present  rate  of 
decrease  is  about  8'  per  annum.  Similar  variations  of  the  needle  are  observed  at  other  places 
on  the  earth's  surface,  but  the  amounts  and  the  dli.'ections  of  these  variations  are  not  the  same 
for  different  places.  Thus  at  Paris  the  time  of  Tnaximnm  westerly  declination  was  the  year 
18 14,  and  in  tiiat  year  the  amount  of  it  was  22°34'. 

In  1780  Cassini  discovered  that  the  angle  of  declination  is  subject  to  a  certain  annual 
variation.  According  to  him  the  westerly  decUnation  is  greatest  at  the  vernal  equinox.  iFrom 
that  time  till  the  summer  solstice  it  is  gradually  diminishing,  and  from  the  summer  solstice  to 
the  vernal  equinox  it  again  slowly  increases.  The  amount  of  this  annual  variation  is  smalL 
It  differs  at  different  periods ;  its  average  range  at  Kew  is  about  59". 

Lastly,  the  declination  is,  as  has  been  mentioned,  subject  to  diurnal  variations,  discovered  by 
Graham  in  1 722.  At  about  8  in  the  morning  the  north  end  of  the  needle  is  pointing  about  4' 
to  the  east  of  its  mean  position.  From  that  time  till  i  p.m.  it  turns  more  and  more  towards 
the  west,  and  at  that  hour  stands  about  6'  to  the  west  of  the  mean.  It  then  turns  backwards 
to  the  east,  and  after  a  very  slight  westerly  excursion,  between  12  midnight  and  3  A.M.,  it 
regains  its  first  position  at  8  A.1C.,  when  it  recommences  the  same  series  of  (Ganges.  We  have 
described  here  an  average  course  for  Kew.  The  amount  varies  at  different  parts  of  the  year, 
and  very  much  at  different  places.  The  nature  of  the  change  is,  however,  similar  for  places 
having  northern  magnetic  latitude,  and  the  same  description  holds  for  the  southern  magnetic 
hemisphere,  if  the  names  of  the  poles  be  interchanged,  and  the  directions  of  the  variations 
altered. 

The  magnetic  inclination  is  also  subject  to  periodic  changes.  Since  the  year  1720  it  has  been 
gradually  decreasing.  In  that  year  it  was  74  42';  in  i8cx>,  70**35',-  in  1850,  68''48';  and  in  the 
present  year,  1870,  67^55'.  It  is  evident  from  these  numbers,  which  are  all  hi  the  decreasing 
direction,  that  as  yet  we  know  nothing  of  a  complete  cycle  of  change.  There  are  also  small 
annual  and  diurnal  variationB.  Accoraing  to  Huistein  it  is  about  15'  greater  in  summer  than 
in  winter ;  and  the  same  observer  states  that  it  is  about  4'  greater  in  the  morning  than  in  the 
afternoon. 

So  far  but  little  is  known  of  the  variations  of  magnetic  intensity.  In  1865  the  total  intensity 
was,  in  British  magnetic  units,  10*28 ;  in  1870^  10*24.  The  horizontal  force  (1870)  is  3*83,  and 
the  vertical  9*49.    (See  Intensity,  Magnetic.) 

We  have  mentioned  above  that,  besides  the  periodical  variations^  then  axe  others  which  are 
not  periodical,  and  whidi  have  hitherto  been  to  us  occurrences  without  regular  law.  To  these 
have  been  given  the  name  magneUe  ttorms^  and  an  account  of  them  will  be  found  under  that  head. 
COMPENSATION  PENDULUM.  In  order  that  the  osdUations  of  a  pendulum  may  be 
isochronous,  the  distance  between  the  centre  of  suspension  and  the  centre  of  oscillation  must 
be  invariable.  (See  Pendulum,)  If  the  pendulum  consist  of  a  simple  wire,  this  length  will 
vaiy  with  the  temperature,  and  therefore  the  time  of  oscillation  will  vary  ;  hence  the  length  of 
the  simple  equivalent  pendulum  should  be  independent  of  temperature.  Compensation  pendu- 
lums are  so  constructed  that  the  lowering  of  the  centre  of  osdllation,  by  the  extension  of  one 
part  of  the  pendulum,  is  compensated  for  by  the  extension  of  other  parts  in  the  opposite 
direction.  There  are  three  common  forms  of  compensation  pendtdum.  The  first  ii  the 
gridiron  pendulum.  It  oonsiBts  of  a  steel  rod,  osdUating  about  a  point  of  suspension,  and  bear- 
ing a  rectangle  of  steel ;  the  lower  bar  of  this  rectangle  supports  two  rods  of  hnm  passing 
vertically  upwards,  which  with  a  horizontal  bar  of  brass  form  a  second  rectangle  within  the  first. 
To  the  horizontal  ham  rod  is  attached  » third  rectangle  of  steel ;  and  within  this  again,  and 
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attached  to  the  base,  is  a  fourth  rectangle  of  brass,  the  horizontal  bar  of  which  bears  the  cezitral 
red  and  bob  of  the  pendulum.  Now  the  steel  rods  elongate  downwards  with  a  rise  of  tempera- 
ture, and  the  brass  rods  upwards,  consequently  they  may  be  so  arranged  that  in  spite  o£ 
variation  of  temperature  the  centre  of  oscillation  shall  remain  at  the  same  distance  below  the 
centre  of  suspension.  In  order  that  this  result  may  be  attained  the  sum  of  the  lengths  of  the 
vertical  steel  rods  must  be  to  the  sum  of  the  lengths  of  the  vertical  brass  rods  in  the  inverse 
ratio  of  the  coefficients  of  expansion  of  steel  and  brass.  Now  the  coefficients  of  expansion  of 
steel  and  brass  are  to  one  another  as  5  to  9  nearly,  therefore  the  sum  of  the  lengths  of  the  steel 
bars  must  be  to  the  sum  of  the  lengths  x»f  the  brass  as  9  to  5. 

The  second  kind  is  Martin's  eompenaation  pendulum.  It  consists  of  an  ordinary  pendulum, 
with  a  metallic  bar  placed  horizontally  across  the  pendulum  rod,  and  bearing  at  its  extemities 
two  heavy  balls.  The  horizontal  bar  is  composed  of  two  bars  of  di£ferent  metals  soldered  to- 
gether, the  upper  one  expanding  less  than  the  lower  for  a  given  rise  of  temperature.  Hence 
when  the  bar  is  warmed  it  bends  into  a  curve,  so  that  although  the  pendulum  bob  is 
lowered  in  consequence  of  the  expansion  of  the  central  rod,  the  balls  at  the  end  of  the  horizon- 
tal bar  are  raised ;  hence  if  the  material  length  and  weight  of  the  bar  and  balls  be  properly 
chosen,  the  centre  of  gravity  of  the  whole  pendulum,  and,  therefore,  the  centre  of  oscillatioa 
remains  tmchanged. 

A  third  kind  of  compensation  pendulum  is  Graham's  merewrial  pendulum.  The  rod  of  the 
pendulum  is  steel,  and  the  bob  a  hollow  glass  cylinder  containing  mercury.  When  the  tempera- 
tTire  rises  the  steel  rod  elongates,  but  the  mercury  rises ;  and  since  the  expansion  of  the  mercury 
is  greater  than  that  of  the  steel,  the  one  may  compensate  for  the  other,  so  that  the  position  of 
the  centre  of  oscillation  remains  the  same. 

COMPLEMENTAKY  COLOURS.  {Complemenium ;  mm,  together;  and  pleo,  to  filL) 
Complementary  colours  are  those  which  are  in  tiie  greatest  degree  opposed  to  one  another,  and 
which,  therefore,  when  mixed  together,  produce  white  light  or  neutrality.  The  following  are 
the  principal  colours  and  their  complementaries : — 

Bed    .     .    .    Green.  Orange    .     .     .    Blue.  Tellow    .     »    Violet. 

COMPOSITION  OF  COLOURS.     See  Cdoura,  CompotUion  of, 

COMPOSITION  OF  FORCES.  The  transformation  of  one  system  of  forces  to  another 
system  which  will  produce  the  same  mechanical  effect.  The  principles  of  the  composition  of 
forces  depend  on  geometrical  theorems,  by  means  of  the  fact  that  the  three  elements  which 
define  a  force,  may  be  represented  by  a  stnight  line  ;  for  example,  the  extremity  of  the  line 
may  represent  the  position  of  the  point  of  application  of  the  force,  the  direction  of  the  line  the 
direction  of  the  force ;  and  by  selecting  a  unit  of  length  to  represent  a  unit  of  force,  the  length 
of  the  line  will  represent  the  magnitude  or  intensity  of  the  force.  The  single  force,  which  will 
have  the  same  effect  as  several  others,  is  termed  their  JUmUant,  To  apply  the  theorems  of 
geometry  to  the  composition  of  forces,  the  following  principles  are  required. 

1.  Tfie  Principle  of  the  TranamiitibUity  cf  Force,  A  force  may  be  applied  at  any  point  in  the 
line  of  its  direction,  provided  this  point  be  connected  with  the  first  point  of  application  by  a 
rigid  and  inextensible  straight  line. 

2.  The  resultant  of  a  number  of  forces  acting  on  the  same  straight  line  also  acts  along  this 
line,  and  its  magnitude  is  found  by  taking  the  sum  of  the  components,  acting  in  one  direction, 
from  the  sum  of  those  which  act  in  the  other  direction,  the  direction  of  the  resultant  being  that 
of  the  greater  sum. 

3.  When  two  equal  forces  act  on  the  same  point,  the  resultant  bisects  the  angle  between 
them. 

4.  From  these  is  deduced  the  parallelogram  of  forees.  When  two  forces,  acting  on  a  point, 
are  represented  by  two  adjacent  sides  of  a  parallelogram,  their  resultant  is  represented  by  the 
diagonal  of  the  parallelogram  passing  through  the  point  of  application. 

5.  The  resultant  of  two  parallel  forces  is  parallel  to  each  of  the  components,  and  is  equal  to 
the  sum  of  the  two  components  when  they  are  alike  in  direction,  and  to  their  difference  when 
they  are  unlike.  In  the  former  case  the  resultant  lies  between  the  components,  and  in  the 
latter  beyond  the  greater,  and  in  the  same  direction  as  the  greater.  The  position  of  the 
resultant  is  given  by  the  fact  that  when  each  of  tiie  components  is  multiplied  by  its  distance 
from  the  reraltant,  the  two  products  are  equal ;  in  other  words,  the  distances  of  the  forces 
from  the  resultant  are  inversely  proportional  to  the  forces.  When,  however,  the  parallel  forces 
are  equal  in  intensity  and  opposite  in  direction,  they  have  no  single  resultant,  and  can  only  be 
counteracted  by  a  similar  pair  of  equal  forces.  Two  equal  and  opposite  forces  are  termed  a 
couple.  (See  Couples,)  When  a  number  of  forces  act  at  different  points  in  a  body,  they  can 
always  be  reduced  either  to  a  single  resultant,  or  to  a  single  resultant  and  a  couple.  In  order 
that  a  body  may  be  in  eqi.ilibrium  under  the  action  of  a  system  of  pressures,  both  resultant 
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and  resultant  couple  must  be  zero,  that  is  to  say,  the  forces  must  neither  give  to  the  body  a 
motion  of  translation,  nor  a  motion  of  rotation. 

COMPOUND  MACHINES.  Any  combination  of  simple  machines  is  termed  a  compound 
maefaine.  The  mechanical  advantage  of  a  compound  machine  is  the  product  of  the  mechanical 
advantages  of  the  separate  simple  machines.  By  the  combination  of  several  levers  so  that  the 
weight  of  one  is  applied  as  the  power  of  the  next,  and  so  on,  we  avoid  the  necessity  of  largely 
increasing  the  length  of  the  power-arm,  in  order  to  obtain  sufficient  advantage  by  the  use  of  one 
lever  only,  and  we  distribute  the  pressure  on  the  fulcrum  over  several  points.  For  application 
of  these  principles  see  Weigking-Machinea  ;  Crane  ;  Crab  ;  Capstan.  Of  course  the  increase  of 
power  gained  by  the  use  of  compound  machines  is  attended  by  a  corresponding  diminution  in 
the  velocity  with  which  the  weight  is  moved. 

COMPOUND  MICROSCOPE.  A  compound  microscope  consists  essentially  of  an  object- 
glass  and  an  eye-piece,  connected  by  a  tube  eight  or  ten  inches  long,  firmly  supported  on  a 
heavy  foot,  and  fitted  with  rackwork  or  sliding  adjustment  to  enable  the  tube  to  be  raised  or 
lowered  along  its  axis.  Below  the  eye-piece,  and  firmly  attached  to  the  stand,  is  a  stage  for 
supporting  the  object  imder  examination.  In  the  best  instruments  this  stage  is  fitted  with 
rotating  arrangements  and  screw  adjustments  in  all  directions,  so  as  to  enable  any  portion  of  the 
object  to  be  examined  without  removing  the  eye  from  the  eye-piece.  Underneath  the  stage  is 
fitted  illuminating  apparatus,  by  which  a  beam  of  lamp  or  di^-light  reflected  from  a  mirror  may 
be  converged  on  to  the  object.  (See  Illuminating  Len$  ;  Concave  Mirror.)  The  object-glass 
consists  of  a  combination  of  planoconvex  achromaHc  lenses,  so  arranged  as  to  be  free  from  sphaical 
aberration.  The  equivalent  focus  of  these  may  vary  from  three  and  four  inches  down  to  the 
fiftieth  of  an  inch,  the  i  and  i  inch  being  the  most  generally  useful.  The  object-glass  is 
brought  down  to  the  object  until  they  are  at  such  a  distance  apart  that  an  enliuged  image 
of  tibe  object  is  formed  in  air  at  about  8  or  lo  inches  above  it.  This  enlarged  image  is  then 
received  upon  the  eye-piece,  where  it  is  again  magnified.  (See  Microscope;  Object^lass;  Eye- 
piece; Poeitive  Eye-piece ;  Negative  Eye-piece.) 

COMPOUND  PRISM.  In  order  to  obtain  a  prism  of  a  larger  size  than  can  be  conveniently 
made  from  one  piece  of  glass,  several  prisms  may  be  cemented  together,  one  over  the  other,  base 
to  apex,  on  the  principle  of  the  polygonal  lens  or  FremeCs  lens,  which  see. 

COMPRESSIBILITY.  The  quality  of  bodies  in  virtue  of  which  they  can  be  made  to 
occupy  a  smaller  space.  All  bodies  are  more  or  less  porous,  so  that  the  molecules  of  which  they 
are  composed  are  not  absolutely  in  contact.  (See  Porosity.)  Hence  all  bodies  are  compressible ; 
gases  are  the  most  compressible,  and  obey  the  law  of  Boyle  that  the  volume  varies  inversely  as 
the  pressure.  When,  however,  great  pressure  and  cold  are  applied,  most  of  the  gases  become 
liquids.    Oxygen,  hydrogen,  and  nitrogen  have  not  yet  been  liquified. 

COMPRESSIBILITY  OF  LIQUIDS.  For  a  long  time  it  was  supposed  that  Uquids  were 
absolutely  incompressible.  The  experiment  known  as  the  Florentine  Experiment  was  held  to 
point  to  this  conclusion.  A  hollow  metallic  globe  said  to  be  of  gold,  and  also  of  lead,  was  filled 
with  water  and  periectly  soldered.  This  was  submitted  to  great  pressure.  Since  of  all  solids, 
for  the  same  surface  a  sphere  has  the  greatest  contents,  it  follows  that  if  none  of  the  water 
escape,  any  flattening  of  the  globe  must  be  attended  eitiier  by  a  diminution  of  the  volume  of 
contained  water,  showing  its  compression,  or  by  a  stretching  of  the  metal  It  was  found  that 
the  water  was  forced  through  the  metal,  appearing  as  dew  on  the  outside.  (Compare  Hydraulic 
Press.)  This  was  viewed  as  a  proof  that  the  water  was  incompressible,  lliat  water,  mercury, 
and  several  other  liquids  are  compressible,  and  their  compression  measurable,  was  shown  by 
OSrsted.  A  greater  number  of  liquids  were  examined  by  CoUadon  and  Sturm,  with  somewhat 
different  results.  The  instrument  employed,  called  a  Piezometer,  consists  of  a  glass  globe,  on  to 
the  neck  of  which  is  fused  a  long  capillary  tube.  The  capacity  of  the  globe  is  ascertained,  as 
also  that  of  the  capillary  tube ;  so  that  the  ratio  between  the  entire  capacity  of  globe  and 
tube  and  any  portion  of  the  tube  may  be  known.  The  capillary  tube  bears  a  scale.  The  globe 
and  tube  are  completely  filled  with  the  liqidd  under  examination,  and  inverted  into  a  little 
trough  of  mercury.  On  gently  warming  it  a  little  of  the  liquid  is  expelled,  so  that  when  the 
original  temperature  is  restored,  the  mercury  rises  in  the  tube  to  a  convenient  height.  Side  by 
side  with  this  globe  is  placed  in  the  mercury  a  cylindrical  tube  closed  at  the  top,  open  at  the 
bottom,  and  graduated  into  divinona  showing  equal  units  of  volume.  This  latter  tube  serves 
as  a  manometer  (see  Manometer\  since  the  diminution  of  the  air  in  it  when  under  pressure  is  a 
measure  of  the  pressure.  (See  Elasticity  of  Oases.)  The  two  neighbouring  vessels  are,  together 
with  the  mercury  trough,  enclosed  in  a  veiy  strong  glass  cylinder,  permanently  closed  at  the 
bottom,  and  capable  of  being  closed  at  the  top  by  a  screw  head  into  which  is  fastened  the  de- 
livery tube  of  a  force-pump.  The  glass  cylinder  is  completely  filled  with  water,  its  head  screwed 
on,  and  the  ddiveiy  tube  of  the  force-pump,  which  is  fed  with  water,  ia  inserted.    On  working 
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the  pTimp  the  prenure  is  tmumitted  through  the  water  to  the  mercoiy,  and  forces  the  latter 
up  tae  capillary  tube,  and  also  up  the  manometer  tube.  The  first  of  these  effects  must  be  due 
to  the  compression  of  the,  liquid  in  the  glass  globe.  The  second  is,  of  course,  due  to  the  com- 
pression of  the  air.  Siii6e  (see  EkuUeity  of  Oaset)  the  volume  of  a  gas  variee  inversely  as  the 
pressure  to  which  it  is  subjected,  it  is  easy,  by  reading  the  height  of  the  mercury  in  the  mano- 
meter tube,  to  find  the  pressure  to  which  the  interior  of  the  apparatus  is  subjected.  By  reading 
the  height  of  the  mercury  in  the  capillary  tube  and  knowing  tiie  capacity  of  this  tube  in  com- 
parison with  that  of  the  globe,  the  amount  of  compression  on  a  given  volume  is  detennined, 
which  corresponds  to  and  is  effected  by  the  given  pressure.  Although  in  this  piezometer  the 
pressure  on  the  outside  is  the  same  as  that  on  the  inside,  yet  Regnaidt  has  shown  that  this  car- 
cumstance  is  not  sufficient  to  ensure  that  the  piezometer  shall  remain  of  constant  capacity.  In 
Begnault's  form  of  the  apparatus,  the  piezometer  bulb  and  the  interior  of  the  compression 
cylmder  could  each,  by  means  of  four  cocks,  be  separately  or  together  put  in  communication, 
either  with  the  external  air  or  with  a  veesel  of  compressed  air.  By  this  means,  on  the  one  hand, 
the  compression  of  the  piezometer  tube  when  subjected  to  pressure  could  be  measured.  On  the 
other,  the  total  apparent  shrinking  of  the  liquid,  due  partly  to  its  actual  compression  and  partly 
to  the  expansion  of  the  piezometer  tube,  when  the  pressure  was  exclusively  applied  to  the 
latter,  coidd  be  measured.  Hence  the  true  compressibility  of  the  liquid  could  be  deduced.  A 
few  of  the  results  obtained  by  Grassi,  who  employed  Begnault's  method,  are  appended.  The 
pressure  employed  is  one  atmosphere. 
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Chloroform  „    54 

65 
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COMFBESSION.  {Cony  together,  and  premo,  to  press.)  In  astronomy  the  compression  of 
a  planet  is  the  amount  by  which  the  polar  axis  falls  short  of  the  equatorial  It  is  commonly 
expressed  by  the  ratio  which  the  difference  of  the  two  diameters  bears  to  the  greater.  Thus 
if  the  compression  of  a  planet  be  spoken  of  as  one-tenth,  what  is  meant  is  that  the  excess  of  the 
equatorial  diameter  over  the  polar  is  one-tenth  of  the  former  diameter. 

COMFBESSION  AND  DILATATION  OF  SOLIDS,  INFLUENCE  OF,  ON  LIGHT. 
When  a  piece  of  well  annealed  glass  is  examined  in  the  polariscope,  no  effect  of  double  refrac- 
tion is  seen,  but  by  slightly  bending  it  between  the  fingers,  or  compressing  or  dilating  it  in  any 
other  way,  coloured  fringes  are  prcniuced,  showing  that  compression  or  dilatation  communicates 
a  doubly  refracting  structure  to  it.  Similar  effects  are  produced  with  jeUy.  (See  Circular 
Polarisation  ;  Chromatic  Dynamometer). 

COMFBESSION,  ELECTBICITY  OF.  It  was  observed  by  Hatty  that  when  a  piece  of 
calcareous  spar  is  pressed  between  the  fingers  it  becomes  positively  electrified,  and  wUl  keep 
its  electrification  for  days  together.  Many  other  minerals,  such  as  fluor  spar,  topaz,  mica^ 
have  a  similar  property,  becoming  either  positively  or  negatively  electrified  when  pressed. 
The  electricity  developed  in  this  way  is  frequently  spoken  as  electricity  of  compression.  This 
excitation  by  pressure  does  not  appear  to  be  a  property  belonging  only  to  crystalline  or  mineral 
bodies.  Many  other  substances,  when  pressed  together  in  pairs  and  then  separated,  exhibit 
electric  excitement,  one  becoming  positive  and  the  other  negative.  Thus  if  a  disc  of  cork  and 
one  of  caoutchouc,  held  on  insulating  handles,  be  pressed  together  and  then  separated,  the  cork 
is  found  positively,  and  the  other  negatively,  electrified.  It  is  difficult,  however,  to  separate 
the  effects  due  to  compression  from  those  due  to  friction.  In  the  case  of  compression  as  in 
that  of  friction  much  depends  upon  the  nature  of  the  surfaces,  whether  rough  or  smooth,  polished 
or  unpolished,  and  the  unequal  distribution  of  heat  between  the  two  substances  brought  into 
contact  likewise  affects  the  result. 

CONCAVE  LENS,  DOUBLE.  (Concavus,  hollow.)  A  lens  bounded  by  two  concave 
spherical  surfaces,  which  causes  parallel  rays  of  light  to  diverge.  If  the  radii  of  its  curvatures 
are  alike,  it  is  said  to  be  equally  concave,  but,  if  otherwise,  xmequally  concave. 

CONCAVE  MIBBOB.  A  reflecting  surface  of  a  concave  form.  It  converges  incident 
parallel  rays  to  a  point  in  front  of  it  called  the  principal  focus.  The  distance  of  the  focus  from 
the  mirror  is  one-half  the  radius  of  concavity.  Divergent  rays,  falling  on  a  concave  mirror 
from  a  somewhat  distant  point,  will  be  converged  to  a  focus  beyond  the  principal  focus.  The 
radiant  point  and  this  new  focus  are  called  conjugate  foci^  because  if  one  is  the  radiant  pointy 
the  other  wiU  be  the  focal  point.  Converging  rays,  falling  on  a  concave  mirror,  come  to  a 
point  within  the  principal  focus.    A  ooncave  mirror  will  form  at  its  focus  a  small  and  highly 
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lammouB  image  of  any  object  in  front  of  it,  and  when  of  large  size  and  considerable  concavity 
it  will  concentrate  the  stin's  rays,  and  become  a  very  powerftd  burning  mirror.  A  concave 
mirror,  worked  to  a  parabolic  curve,  is  free  from  spherical  aberration.  (See  Parabolic  Mirror.) 
CONCAVO-CONYEX  LENS.  A  lens  having  one  concave  and  one  convex  surface,  but 
differing  from  a  meniscus  lens  in  that  the  concavity  exceeds  the  convexity.  It  acts  as  a  concave 
lens,  and  causes  parallel  rays  of  light  to  diverge. 

CONCAVO-CONVEX  PRISlkL    See  Prismatic  Lens. 

CONDENSER.  A  condenser  ia  an  instrument  fqf  collecting  electricity.  Its  principle  is 
founded  upon  induction,  and  it  consists  essentially  of  two  conductors  insulated  from  each  other, 
and  placed  in  such  a  position  that  induction  may  favourably  take  place  between  them.  There 
are  various  forms,  but  all  of  them  are  modifications  of  what  is  known,  from  the  name  of  its 
inventor,  as  j^pinus'  Condenser. 

^pinus*  Condenser  consists  of  two  circular  brass  plates  placed  opposite  to  each  other,  and 
supported,  v^th  their  planes  vertical,  on  glass  pillars.  The  feet  of  the  pillars  are  fixed  to  pieces 
of  wood  sUding  in  a  frame  common  to  them,  and  the  distance  between  the  plates  can  thus  be 
altered  at  pleasure.  Generally  a  third  vertical  pillar  supports  a  plate  of  glass,  or  other  insulat- 
ing matter,  between  the  two  brass  plates.  Let  us  caU  one  of  the  brass  plates  A,  and  the  other  B ; 
and  suppose  A  be  connected  with  the  prime  conductor  of  an  electric  machine,  B  with  the  earth. 
Now  let  a  charge  of  positive  electricity  be  communicated  to  A.  Inductive  action  takes  place 
between  the  plates,  and  negative  electricity  is  induced  and  made  latent,  bound,  or  dissimuHatedf 
as  it  is  called,  upon  B.  This  in  its  turn  makes  latent  a  certain  proportion  of  the  electricity 
upon  A.  It  is  evident,  therefore,  that  on  account  of  this  jnductive  action  a  much  larger 
quantity  of  electricity  can  be  put  upon  the  plate  A  when  B  is  present  than  when  it  is  not. 
The  extent  to  which  the  ''dissimulation"  bv  means  of  induction  tiJces  place  depends  upon  the 
nearness  of  the  plates,  and  upon  the  ^pecijic  inductive  capacity  of  the  material  between  them. 
(See  Induction;  Capacity ,  Specific  Inductive.)  If  now  B  be  removed  from  the  vicinity  of  A,  the 
electricity  on  A  which  was  formerly  held  bound  on  the  side  nearest  to  B  spreads  over  the 
plate,  and  can  make  its  action  manifest  towards  external  objects.  The  condenser  can  therefore 
be  made  use  of  for  the  purpose  of  discovering  electricity  in  sources,  which,  though  weak,  are 
capable  of  continuous  action. 

VoUoCs  Condensing  Electroscope  oonsiBts  of  an  ordinary  gold  leaf  electroscope,  to  the  top  of 
which  is  attached  a  horizontal  plate  of  brass  (A)  of  considerable  size.  This  is  usually  covered 
with  shell-lac  which  forms  the  insulating  dielectric.  On  the  top  of  this  the  plate  B  is  placed, 
and  to  it  is  attached  an  insulating  handle.  If  a  weak  source  of  electricity,  such  as  a  dry  pile, 
be  put  in  connection  with  A,  while  the  plate  B  is  touched  with  the  finger,  tiie  inductive  action 
which  we  have  just  described  takes  place.  If  the  finger  is  now  removed,  and  then  the  dry 
pile,  and  if  the  plate  B  is  carried  away  by  its  insulating  handle,  the  bound  electricity  on  A 
makes  itself  mamf est  by  the  repulsion  of  the  gold  leaves.  The  plate  B  is  of  course  found  to  be 
electrified  with  the  kind  of  electricity  opposite  to  that  of  A. 

CONDUCTION,  ELECTRIC,  is  the  transference  of  electric  force  through  the  medium  of 
a  conducting  body.    (See  Conductor;  Electricity;  Electrostatics.) 

CONDUCTION  OF  HEAT,  {dm,  together ;  duco,  to  lead).  When  a  bar  of  metal  is 
heated  at  one  end,  it  receives  the  motion  which  constitutes  heat  by  direct  contact,  and  trans- 
mits it  from  molecule  to  molecule  along  its  length,  until,  at  a  certain  distance  from  the 
source,  the  heat  lost  by  radiation  and  convection  is  equal  to  that  received,  when  the  tempera- 
ture of  the  rest  of  the  bar  ceases  to  rise.  This  propagation  of  heat  through  bodies  is  called 
conduction,  and  it  varies  with  the  nature  of  the  substance. 

I.  Conduction  of  Heat  by  Solids.  If  a  bar  of  copper  and  another  of  glass,  of  the  same  length 
and  thickness,  are  placed  in  the  fire,  we  find  that  the  copper  becomes  hot  much  sooner  than  the 
glass  ;  in  fact,  we  may  easUy  hold  a  rod  of  glass  in  the  band  at  a  few  inches  from  a  red  hot 
portion  of  it.  Again,  if  a  suver  spoon,  and  another  of  German  silver  or  pewter  are  placed  in 
the  same  vessel  of  hot  water,  the  silver  spoon  becomes  excessively  hot,  while  the  pewter  spoon 
is  no  more  than  warm.  This  is  due  to  the  fact  that  silver  conducto  heat  far  better  than  pewter  ; 
and  all  substances  thus  considered  have  been  divided  into  good  and  bad  conductors  of  heat ; 
the  term  non-conductor  of  heat  cannot  be  said  to  exist,  because  all  substances,  as  far  as  we  know, 
conduct  heat  to  a  certain  extent.  The  variation  in  the  conducting  power  of  different  substances 
was  shown  by  Ingenhouz,  by  placing  a  number  of  bars  of  different  substances,  with  one  end  in 
contact  with  hot  water  or  hot  oil,  and  noting  the  extent  to  which  wax  was  melted  from  their 
surfaces  ;  or  a  compound  bar,  one-half  of  which  is  of  iron,  and  the  other  of  copper,  may  be 
heated  at  the  jimcture,  while  small  pieces  of  phosphoruB  are  placed  on  each  of  the  remote 
ends  ;  it  will  now  be  found  that  the  phosphorus  will  take  fire  at  the  end  of  the  copper  bar, 
sooner  than  on  the  iron  bar  at  the  same  distance  from  the  souioe  of  heat.    The  following  table 
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shows  the  relative  conductivity  of  Bome  of  the  metals  for  heat  according  to  the  determinations 
of  Wiedemann  and  Franz,  the  conductive  power  (or  as  it  is  sometimes  called  thermal  conducU' 
vity)  of  silver  being  taken  as  loO. 


Name  of  Snbstance. 

CondaetlTity. 

Name  of  Subitance. 

Conductivity. 

SUver. 

Copper. 

Gold. 

Brass. 

Tin. 

xoo'o 
73"6 

a3"6 
X4-5 

Iron. 
Lead. 
Platinum. 
German  Silver. 
Bismuth. 

8-5 

60 
x-8 

The  conduction  of  heat  varies  with  the  temperature,  and  Forbes  has  found  that  the  conducti- 
vity decreases  as  the  temperature  of  the  substance  increases  ;  thus  if  the  conductivity  of  a  bar  of 
iron  at  o**  C.  be  represented  by  '01337  ;  ^^  100°  C,  it  is  '01012  ;  at  200**  C.  it  is  '00876,  and  at 
27 5**  C.  it  is  *oo8oi.  The  conduction  of  heat  is  influenced  by  the  specific  heat  of  a  substance, 
and  Tyndall  has  given  the  following  experiment  in  exemplification  of  this.  If  we  take  two 
small  cylinders,  one  of  iron  and  the  other  of  bismuth,  of  precisely  the  same  dimensions,  and 
place  them  on  a  hot  surface,  we  notice  that  wax  placed  upon  the  upper  extremity  of  the  bis- 
muth cylinder,  melts  sooner  than  wax  placed  upon  the  iron  cylinder.  Yet,  by  the  above  table, 
it  is  seen  that  iron  conducts  heat  far  better  than  bismuth  ;  hence  we  should  expect  the  wax  on 
the  iron  cylinder  to  be  melted  before  that  on  the  bismuth  cylinder.  But  while  the  conducting 
power  of  iron  is  x  1*9,  and  that  of  bismuth  I  '8,  the  specific  heat  of  the  former  iso'i  138,  and  that 
of  the  latter  0*0308.  (See  Specific  Heat.)  Thus  iron  requires  nearly  four  times  as  much  heat 
to  raise  its  temperature  through  a  certain  ntmiber  of  degrees,  as  bismuth.  Therefore,  although 
the  iron  is  receiving,  in  a  given  time,  more  heat  than  the  bismuth,  a  less  amount  of  this  becomes 
sensible  heat ;  that  is,  the  temperature  is  less  quickly  raised,  consequently  the  temperature  at 
which  wax  melts  is  sooner  attained  by  the  bismuth  than  by  the  iron. 

When  we  touch  a  good  conductor  of  heat  it  feeU  cold,  because  it  rapidly  receives  heat  from 
the  hand.  If  we  successively  touch  silver,  lead,  marble,  wood,  and  wool,  at  the  same  tempera- 
ture, the  silver  will  appear  colder  than  the  lead,  the  lead  than  the  marble,  the  marble  than  the 
wood,  and  the  wood  than  the  wool,  because  the  conductivity  of  these  bodies  varies,  and  they 
consequently  receive  heat  from  the  hand  with  varying  degrees  of  readiness.  Our  clothing  is 
composed  of  substances  which  conduct  heat  badly,  and  therefore  prevents  the  rapid  radiation 
of  heat  from  the  body.  It  may  appear  anomalous  that  we  wrap  ice  in  a  blanket  to  keep  it 
from  melting,  while  we  use  the  same  article  for  promoting  warmth  ;  but  it  must  be  bome  in 
mind,  that,  in  the  one  instance,  the  badly  conducting  wool  prevents  the  passage  of  heat  from  our 
bodies,  while,  in  the  other,  it  prevents  the  passage  of  heat  to  the  ice.  The  fur  of  animals,  the 
plumage  of  birds,  and  the  bark  of  trees,  are  all  bad  conductors  of  heat.  According  to  Count 
Kumford,  the  fur  of  the  hare  is  the  worst  conductor  of  heat  with  which  we  are  acquainted,  and 
eider  down  is  nearly  as  bad,  while  wool  and  silk  follow  close  behind.  Tyndall  found  that  the 
bark,  as  compared  with  the  wood  of  the  pine  tree,  conducts  heat  to  an  extent  corresponding  to 
a  deflection  of  7"  of  the  galvanometer,  compared  with  12" ;  a  very  delicate  thermopile  being 
employed  in  the  experiments.  The  temperature  of  the  blood,  both  of  man  and  animals,  is  far 
above  the  mean  temperature  of  the  air,  and  if  the  heat  generated  by  the  oxidation  of  carbon 
within  the  organism,  were  rapidly  dissipated,  death  would  ensue,  because  vital  functions  could 
not  be  carried  on  at  such  a  diminished  temperature  ;  hence,  in  arctic  regions,  men  unprovided 
with  the  necessary  clothing  die,  as  also  does  a  bird  strip{>ed  of  its  plumage,  or  a  tree  of  its 
bark. 

The  molecular  condition  of  a  substance  has  a  great  influence  on  its  conducting  power.  Com- 
pact and  dense  substances  conduct  heat,  as  a  rule,  better  than  light  and  porous  substances. 
This  is  well  exemplified  in  the  difference  in  conducting  power  between  compact  wood  and 
porous  bark.  The  same  substance  conducts  differently,  if  it  be  in  the  solid  or  pulverulent  form, 
thus  wood  conducts  better  than  sawdust,  rock-crystal  better  than  sand.  Air  must  be  assumed 
to  be  a  bad  conductor,  and  in  porous  substances  we  have  an  innumerable  number  of  air  spaces. 
If  a  thin  layer  of  asbestos  is  placed  on  the  palm  of  the  hand,  a  red-hot  ball  of  metal  may  be 
held  with  impunity,  for  the  asbestos,  in  virtue  of  its  structure,  is  an  extremely'  bad  conductor  of 
heat.  As  another  example  of  the  influence  of  molecular  structure  upon  conductivity,  may  be 
mentioned  the  fact,  observed  by  Svanberg  and  Matteucci,  that  bismuth  conducts  heat  better  in 
the  direction  of  the  planes  of  cleavage,  than  at  right  angles  to  them.  De  la  Rive  and  De  Candolle 
found  that  wood  conducts  better  parallel  to  its  fibre  than  across  it.  In  the  case  of  oak,  Tyn- 
dall found,  that  under  precisely  similar  conditions,  the  conduction  of  heat  (expressed  in  defiec- 
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tions  of  the  needle  of  the  galvanometer),  was  34**  parallel  to  the  fibre,  and  9*5^  perpendicular  to 
the  fibre,  and  parallel  to  ^e  ligneous  layers.  As  regards  ciystals,  M.  de  Senarmont  has  found 
that  the  conduction  of  heat  takes  place  with  greater  readiness  in  some  directions  than  in  others. 
If  the  crystal  belongs  to  the  regular  system,  the  conductivity  is  equal  in  all  directions  ;  if  it 
belongs  to  the  second  or  third  systems,  the  conductivity  is  greater  in  the  direction  of  the 
crystallographic  axis  than  across  it ;  while  in  other  crystals  the  conductivity  varies  in  three 
directions. 

2.  CoTiduction  of  Heat  by  Liquids,  The  conductivity  of  liquids  is  very  slight.  Water  may 
be  boiled  over  a  piece  of  ice,  and,  when  heated  from  above,  it  is  found  to  acquire  heat  very 
gradually.  A  few  experiments  on  the  subject  were  made  by  Bumf ord,  Thomson,  and  Murray, 
and  more  recently  by  M.  Despretz.  (Annaleg  de  Chimie  ti  de  Physique,  1839,  p.  206.)  The 
latter  physicist  employed  a  cylindrical  vessel  of  wood,  39  inches  high,  into  the  side  of  which  he 
placed  a  number  of  thermometers  arranged  horizontally,  so  that  their  bulbs  were  inside,  and 
the  greater  part  of  their  stems  outside  the  cylinder.  The  latter  was  filled  with  water, 
which  was  heated  from  above  by  means  of  a  copper  vessel  in  contact  with  the  water  surface, 
into  which  hot  water  was  allowed  to  flow  at  intervals.  After  the  lapse  of  a  number  of  hours 
the  thermometers  became  stationary  at  different  heights,  from  a  comparison  of  which  M.  Despretz 
concluded  that  the  conduction  of  heat  by  water  follows  the  same  law  aa  conduction  by  solids ; 
and  he  calculated  that  water  possesses  about  one  hundredth  part  the  conductivity  of  copper. 
Quite  recently  Professor  Guthrie  has  investigated  the  subject  of  liquid  conductivity,  and  the 
following  are  some  of  the  results  obtained.  (On  the  Thermal  Resistance  of  Liquids^  "  Philo- 
sophical Transactions,''  1869.)  He  considers  that  liquids  possess  a  great  advantage  over  solids 
in  aU  exact  experiments  on  the  conduction  of  heat,  on  account  of  their  greater  homogeneity, 
"  because  no  two  specimens  of  the  same  solid  substance  are  physically  identical,"  while  *'  under 
like  external  circumstances,  two  equal  volumes  of  the  same  liquid  are  identical."  The  princi- 
pal object  of  the  investigation  was  to  determine  '*the  conductive  indices  or  thermal  resistances 
of  the  elements,  and  to  determine  the  effect  on  such  resistance  caused  by  the  change  of  chemical 
nature  and  of  molecular  construction  of  bodies."  By  theriMd  resistancCy  is  meant  the  resistance 
offered  by  substances  to  the  passage  of  heat  through  them  by  conduction,  and  for  the  determina- 
tions, an  instrument  called  a  diathermometer  (which  see),  was  employed.  The  following  are 
some  of  the  conclusions  arrived  at : — "  The  solution  of  a  metallic  salt  in  water  invariably  in- 
creases the  thermal  resistance  of  the  water.  Those  elements  which  dissolve  in  the  water  with- 
out increasing  the  bulk  of  the  water,  can  only  increase  its  thermal  resistance  by  increasing  its 
capacity  for  heat,  which  must,  in  such  cases,  be  the  simi  of  the  capacities  of  the  water  and 
elements  separately.  The  thermal  resistance  of  a  solid  salt  is  greater  than  that  of  water ; 
consequently,  whereas,  in  the  majority  of  instances,  water  is  displaced  by  the  salt,  the  increased 
resistance  is  due  to  the  partial  substitution  of  a  body  of  greater  resistance."  In  the  succeed- 
ing table,  numerical  results  are  given  ;  the  specific  thermal  resistance  of  each  substance  being  ob- 
tained by  dividing  its  resistance  by  that  of  water,  which  possesses  the  least  resistance  of  any 
substance  on  the  list,  perhaps  the  least  of  all  transparent  liquids.  The  thermal  resistance  in  miUi- 
metreSf  shows  the  corrected  number  of  millimetres  to  which  the  colunm  of  liquid  in  the  dia- 
thermometer (a  kind  of  air  thermometer),  was  depressed. 


Name  of  SubstancA. 

Thermal  Redstanoo 
in  Millimetres. 

Specific  Thermal 
Beaistanoe. 

Water 413 

I'OO 

Glycerine 

t        1 

15-85 

3-84 

Acetic  Acid  (glacial) 

• 

34-63 

§•38 

Acetone  .... 

3514 

8-51 

Oxalate  of  Ethyl       . 

.         36-56 

8-85 

Sperm  Oil         .        .        , 

36-56 

885 

Alcohol     . 

.        37*53 

9-09 

Acetate  of  Ethyl      . 

•        37-53 

909 

Nitrobenzol       .        • 

40-81 

9-86 

Oxalate  of  Amyl       • 

.        41-29 

10-00 

Butylic  Alcohol        • 

41-29 

lO'OO 

Acetate  of  Amyl       • 

•       41*29 

lo-oo 

Amylamine       .        •        , 

4188 

10*14 

Amylic  Alcohol        • 

42-26 

10-23 

Oil  of  Turpentine     • 

.        48-53 

11-75 

Nitrate  of  Butyl 

49*01 

n-87 

Chloroform       .        •        , 

.        49-98 

1210 
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Kame  of  SabBtanM. 

Thermal  Reslstaaoa 
inMUUmetrM. 

Bpedflc  Thermal 
RftBJHtanftft. 

Bichloride  of  Carbon 

53  35 

12*92 

Mercury  Amyl 

•        •        53*35 

12-92 

Bromide  of  Ethylen  .        • 

5434 

I3«6 

Iodide  of  Amyl 

.       .        54-80 

1327 

Iodide  of  Ethyl 

.       .        58-66  (?) 

1420  (!) 

An  experiment  with  mercuxy  gave  0*13  as  the  specific  thermal  resistanoe,  but  Professor 
Guthrie  gives  this  number  with  great  reserve,  on  account  of  various  experimental  difficulties.  At 
all  events  the  resistance  offered  by  mercury  to  the  conduction  of  heat  is  far  less  than  that  of  water. 

3.  Conduction  of  Heat  by  Ocues.  Experiments  on  this  subject  are  much  needed,  and  are  beset 
with  numerous  difficulties,  the  principal  being  the  fact  that  gases,  as  also  liquids,  are  much  in- 
fluenced, when  heated,  by  an  action  termed  Convection  (which  see).  Rumford  did  not  allow 
that  gaaes  possess  any  conductive  power  for  heat^  while  the  late  Professor  Magnus  considered 
the  conducting  power  of  hydrogen  comparable  to  that  of  a  metal.  This  assertion,  which  has 
been  much  di^nited,  was  founded  on  various  experiments,  the  principal  being  the  following, 
which  illustrates  the  great  readiness  with  which  hydrogen  cools  neated  substances.  Professor 
Magnus  took  a  narrow  tube,  placed  a  platinum  wire  in  its  axis,  and  filled  the  tube  with  hydro- 
gen. Now,  although  the  wire  was  readily  maintained  at  a  red  heat  (by  means  of  an  electric 
current),  when  the  tube  was  vacuous,  or  full  of  air,  he  found  that  the  hydrogen  prevented  in- 
candescence. The  heat  appeared  to  be  so  rapidly  removed  from  the  wire  that  it  could  not  rise 
to  redness,  as  if  the  hydrogen  gas  conducted  heat  from  the  wire.  He  also  heated  a  vessel  of 
hydrogen,  containing  cotton  wool  (to  prevent  the  formation  of  gaseous  currents)  from  above,  and 
found  that  the  beat  passed  more  rapidly  downwards  through  hydrogen  than  through  air.  Pro- 
fessor Tyndall  traces  the  results  to  convection,  and  considers  the  conductibility  of  gases  an 
open  question.    (See  also  Convection.) 

CONDUCTION  OP  SOUND.    See  Propagation  0/  Sound. 

CONDUCTOB,  ELECTRIC.  If  a  charged  gold  leaf  electroscope  be  touched  with  a 
wire  or  metal  rod  in  connection  with  the  earth,  it  is  at  once  seen  to  be  discharged  ;  but  if  it  be 
touched  with  a  rod  of  glass  or  a  stick  of  shell-lac  discharge  does  not  take  place.  The  electricity 
is  able  to  pass  away  to  the  earth  through  the  metal ;  whereas  the  glass  or  shell-lac  has  not  the 
power  to  effect  this  transference.  The  phenomenon  which  we  have  here  mentioned  is  called 
conduction;  the  metal  is  called  a  conductor  of  electricity,  and  the  glass  and  shell-lac  are  called 
non-eondudort  or  intulators.    (See  also  Electricity  ;  Electrostatics.) 

Among  bodies  the  widest  difference  exists  with  regard  to  their  conducting  power.  Some 
bodies  at  first  sight  (though  on  closer  examination  this  turns  out  not  to  be  reaUv  the  case) 
appear  to  offer  no  obstacle  to  the  passage  of  electricity  through  them  ;  some  conduct  it  with 
difficulty ;  while  through  some  it  seems  unable  to  pass  at  all.  Speaking  in  the  first  place  of 
electricitv  of  high  tension,  such  as  that  which  is  produced  by  the  electric  machine,  the  following 
list  may  be  given. 

Semi-CoDdncton. 
Alcohol  and  Ether. 
Powdered  glass. 
Flowers  of  sulphur. 
Dry  wood. 
Iceato^C. 


Kon-CondaotQciL 
Dry  oxides. 
Ice  at  -25' 0. 
Patty  oils. 
Caoutchouc. 
Air  and  gases. 
Dry  vapours. 
Silk. 

Diamond. 
Glass. 
Wax. 
Sulphur. 
Renn. 
Amber. 
SheU-lac 
Paraffin. 

In  the  first  column  are  placed  the  substances  which  conduct  best,  in  the  last  the  best  insu- 
lators, while  the  bodies  in  the  second  column  hold  an  intermediate  position  with  regard  to 
power  of  conduction.  As  we  have  said,  however,  no  body  is^  really  a  perfect  condactor,  none 
really  permits  the  electricity  to  pass  without  resistance,  nor  is  there  any  perfect  insulator,  and 
there  is  no  line  where  conductive  power  can  be  said  to  cease,  and  insulatipg  power  to  begin. 


Oonductozs. 
Metals. 
Gas  Carbon. 
Graphite. 
Acids. 

Aqueous  solutions. 
Water. 

Vegetable  substances. 
Auunal  substances. 
Soluble  salts. 
Linen. 
Cotton. 
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When  we  come  to  condder  the  conduction  of  a  current  of  electricity  produced  by  a  galvanic  cell 
or  battery,  which  is  presented  in  quantity,  enormous  as  compared  with  that  obtainable  from  the 
most  powerful  electric  machine,  but  which  at  the  same  time  possesses  but  little  tcDsion  or 
power  to  overcome  resistance,  we  notice  still  more  minute  difference  in  conductivity.  We  find 
that  the  metals  which  we  have  grouped  together  in  the  list  above,  differ  widely  from  each  other. 
The  numbers  in  the  following  table  show  this :  in  it  the  conducting  powers  are  compared  with 
that  of  silver  which  is  the  best  conductor,  and  which  is  taken  as  loo. 


The  conductivity  of  Silver  being  loo 

That  of  Copper   is  77-4 

(xold  55*2 

Sodium  37'4 
Aluminium  33*8 

Zinc  27*4 

Potassium  208 

Iron  14*4 

Tin  11*4 


The  conductivity  of  Silver  being  100 

That  of  Platinum    is   10*5 
Lead  77 

German  Silver  7*7 
Antimony  4*3 
Mercury  1*6 

Bismuth  1*2 

Graphite  0*069 


The  numbers  given  above  are  the  results  of  experiments  by  Mathiessen.  They  are  taken  at 
a  temperature  32"  F.  (o*"  C).  The  accurate  determination  of  them  is  a  matter  of  great  difficulty, 
owing  to  the  alteration  produced  by  the  presence  even  of  a  minute  impurity  in  the  metal.  The 
molecular  condition  of  tiie  specimen  has  also  a  very  marked  influence.  Thus,  the  difference  in 
conductivity  between  hard-drawn  silver  wire  and  the  same  annealed  may  amount  to  over  8  per 
cent,  of  the  whole  ;  the  resistance  being  increased,  and  therefore  the  conducting  power  dimin» 
iflhed  by  hardening  the  wire.  For  full  information  on  this  subject,  see  the  Beports  of  the 
Committee  appointed  by  the  British  Association  for  the  Advancement  of  Science  to  consider 
the  standards  of  electrical  resistance,  which  are  published  along  with  the  other  reports  of  the 
Association  from  1862  downwards. 

The  conductivity  of  metals  is  very  much  diminished  by  an  increase  of  temperature,  and  hence 
it  is  always  necessary  to  state  the  temperature  at  which  it  has  been  determined.  Between 
32'' F.  (o**  C.)  and  212**  F.  (lOO**  C.)  the  difference  sometimes  amounts  to  35  per  cent,  of  the  whole 
conducting  power,  and  in  a  large  number  of  metals  and  alloys  is  as  much  as  from  20  to  30  per 
cent.   The  resxdts  of  Matthiessen  on  this  subject  also  are  given  in  the  reports  above  referred  to. 

Farad^  considers  that  the  difference  between  conductors  and  non-conductors  is  one  only  of 
degree.  Induction,  he  says,  is  a  necessary  preliminary  to  conduction.  "  Conduction  and  insula- 
tion appear  to  consist  in  an  action  of  contiguous  particles  dependent  on  the  forces  developed  in 
electrical  excitement ;  these  forces  bring  the  particles  into  a  state  of  tension  or  polarity  which 
constitutes  both  induction  and  insulation  ;  and  being  in  this  state  the  contiguous  particles  have 
a  power  or  capability  of  communicating  their  forces  one  to  the  other,  by  which  they  are  lowered 
and  discharge  occurs."  This  discharging  of  contiguous  particles  one  into  another  he  holds  to  be 
conduction.  

CONDUCTOR,  NEGATIVE.  That  part  of  an  electric  machine  which  is  arranged  to 
collect  negative  electricity.    (See  C<mdtictor,  Prime  ;  and  JEUetrie  Machine.) 

CONDUCTOB,  PBIME  or  POSITIVE.  That  part  of  an  electric  machine  which  collects  the 
positive  electridtv  is  called  the  Prime  conductor ;  the  part  which  collects  negative  electricity  is 
ciUled  the  NegaUve  conductor.  In  the  ordinary  plate  electric  machine,  the  prime  conductor 
is  an  insulated  body  of  conducting  material  carrying  a  row  of  points  close  to  which  moves  the 
glass  plate  as  it  turns,  and  so  charges  the  conductor.  The  negative  conductor  is  insulated 
and  connected  with  the  rubbers,  which,  becoming  negatively  electrified,  electrif v  it  similarly. 
As  is  explained,  however,  in  our  article  upon  EUctric  Machines^  both  of  the  conductors  cannot 
be  insulated  at  the  same  time.     (See  also  Electric  Machine,) 

CONGELATION.  {Qdu,  frost ;  congdo,  to  freeze.)  The  passage  of  liquids  to  the  solid 
condition  is  termed  congektion.  It  is  applied  more  particularly  (as  the  name  imports)  to 
substances  which,  ordinarily  existing  in  the  liquid  condition,  are  caused  to  congeal  by  the 
application  of  cold.  Thus  we  should  speak  of  tne  cofigdaiion  of  water,  but  of  the  9olidifictUion 
of  molten  iron ;  indeed,  the  latter  term  has  almost  entirely  supplanted  the  former,  whether  it 
be  applied  to  liquids  such  as  mercury,  which  become  sohd  at  a  very  low  temperature,  or  to 
molten  platinum  which  becomes  solid  at  a  very  high  temperature.    (See  Solidijicaium.) 

CONICAL  REFRACTION.  {Conua,  xcuf^f,  a  point ;  Sanscrit,  co,  to  bring  to  a  point.) 
While  considering  the  nature  of  biaxial  ciystals,  Sir  William  R.  Hamilton  arrived  at  the 
unexpected  conclusion  that  imder  certain  circumstances  there  would  not  be  two  emergent  rays,  but 
A  cone  of  rays  diffused  from  a  pomt,  manifesting  themselves  in  the  form  of  a  luminous  circle. 
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This  was  a  pure  prediction  from  mathematical  reasoning,  for  no  phenomenon  in  the  remotest 
degree  akin  to  it  had  ever  been  noticed  or  anticipated.  The  experimental  verification  was 
accomplished  by  Prof.  Lloyd  at  Sir  William's  request,  who  found  that  the  prediction  was  in 
every  way  confirmed  by  facts.  For  further  particulars  see  NichoFs  Cyclopsedia  of  the  Physical 
Sciences,  article  Refraction, 

CONIINE.  An  intensely  poisonous  volatile  alkaloid  extracted  from  the  hemlock  {Comum 
Macvlatum.)  Formula  CgHisN.  When  pure  it  is  a  colourous  limpid  liquid  boiling  at 
1 63*5"  C.  (326''  F).  Specific  gravity  O'S/.  The  odour  is  peculiar  and  repulsive,  somewhat  resembling 
tobacco  ;  it  is  a  strong  base,  and  neutralises  acids  to  form  salts. 

CONJUGATE  FOCI.    {ConjugOf  con,  together,  andyu^m,  a  yoke.)    See  Concave  Mirror. 

CONJUNCTION.  {Con,  together,  and  jungo,  to  join.)  In  astronomy  two  planets  are  said 
to  be  in  conjunction  when  they  have  the  same  longitude ;  when  a  planet  is  simply  said  to  be  t» 
eonjunctian,  it  is  to  be  tmderstood  that  the  planet  is  in  conjunction  with  the  sun.  The  symbol 
expressing  conjunction  is  6.  A  planet  whose  orbit  lies  nearer  the  sun  than  the  earth*s  orbit 
can  be  in  conjunction  in  two  ways,  viz. :— eith^  between  the  earth  and  the  sun,  or  beyond  the 
sun.  In  the  former  case  the  planet  is  said  to  be  t'n  infaior  conjunction,  in  the  latter  in  superior 
conjunction.  As  an  aid  to  the  memory  in  distinguishing  the  two  it  may  be  pointed  out  that 
only  an  inferior  planet  can  ever  be  in  inferior  conjunction. 

CONJUNCTIVA.  A  delicate  mucous  membrane  which  covers  the  interior  of  the  eyelids 
and  front  portion  of  the  eye.    (See  Jsye.) 

CONNECTING  BODS.  In  the  steam  engine  the  iron  bars  which  connect  the  piston  rod 
with  the  wheels.  They  are  either  attached  (Urectly  to  the  spokes  of  the  wheels,  or  to  cranks 
constructed  on  the  axles  between  the  wheels.  There  is  a  joint  at  each  end  of  a  connecting  rod, 
arranged  so  that  while  one  end  makes  one  complete  stroke  in  a  straight  line  backwards  and 
forwards  with  the  piston  to  which  it  is  attached,  the  joint  connected  with  the  spoke  or  crank 
makes  a  revolution  round  the  axis  of  the  crank,  and  so  causes  the  crank  or  wheel  itself  to 
revolve.     (See  Engine,) 

CONSECUTIVE  POINTS  OR  POLES.  A  name  applied  to  certain  parts  of  an  artificial 
magnet  at  which  a  peculiar  distribution  of  magnetic  force  is  found.  An  evenly  magnetised 
bar  may  be  looked  upon  as  being  made  up  of  a  series  of  elementary  magnetic  bars,  all  having 
their  like  poles  pointing  in  the  same  direction ;  and,  in  fact,  this  will  be  found  to  be  the  case 
if  the  bar  be  broken  up,  and  each  of  the  fragments  examined.  The  aggregate  effect  of  all  theso 
elementary  magnets  is  to  give  a  bar,  having  at  one  end  a  strong  north  pole,  and  at  the  other  a 
strong  south  pole,  the  intensity  of  the  magnetic  force  gradually  decreasing  from  each  end  to- 
wards the  middle.  But  if  the  bar  be  not  evenly  magnetised  at  some  place  between  the  two 
ends,  there  may  be  found  a  series  of  these  elementary  magnets  with  their  poles  turned  the 
opposite  way  to  that  of  the  elementary  portions  of  the  mass  of  the  bar.  The  consequence  of 
this  is  that,  at  the  extremities  of  this  series,  there  are  found  distinct  poles,  instead  of  the  even 
distribution  from  end  to  end,  and  if  the  bar  be  broken  at  these  points,  it  will  be  found  that  at 
one  place  two  north  poles  come  together,  and  at  the  other  two  south  poles.  These  places  of 
disturbed  distribution  are  called  cojisecutive  poles  or  points. 

CONSEQUENT  POINTS.     Same  as  ConseaUive  points  or  poles,  {q.v.) 

CONSERVATION  OF  ENERGY.  This  principle  applies  either  to  a  machine  or  body 
left  to  itself,  or  to  the  universe  as  a  whole,  and  asserts  that  the  sum  of  the  different  kinds  of 
eneigy  in  the  body,  and  the  total  amount  of  energy  in  the  universe,  remains  always  the  same. 

The  foundation  of  this  principle  was  laid  by  Newton  in  his  Comments  on  the  Third  Law  of 
Motion  ;  but  recent  discoveries  have  raised  it  to  the  position  of  the  grandest  of  known  physical 
laws.  The  statement  of  Newton  may  be  thus  translated  : — "  When  energy  is  expended  on  any 
system  of  bodies,  it  has  its  equivalent  in  work  done  against  friction,  molecular  forces,  or  gravity, 
if  there  be  no  acceleration ;  but  if  there  be  acceleration,  part  of  the  energy  expended  is  spent  in 
overcoming  the  resistance  due  to  the  acceleration,  and  the  additional  kinetic  energy  developed 
is  equivalent  to  the  work  so  spent." 

When  part  of  the  work  is  done  against  molecular  forces,  as  in  bending  a  spring,  or,  against 
the  force  of  gravity,  as  in  lifting  a  weight,  the  recoil  of  the  spring  and  the  fall  of  the  weight  are 
capable  at  any  time  of  reproducing  the  energy  originally  expended.  The  kinetic  energy  liioomes 
potential.  But  in  Newton's  day  it  was  supposed  that  the  energy  spent  in  overcoming  friction 
was  absolutely  lost ;  but  Joule's  investigations  have  proved  that,  in  all  such  cases,  a  quantity  of 
heat  is  generated  which  is  an  exact  and  definite  equivalent  for  tiie  kinetic  energy  lost.  More- 
over, in  every  case  in  which  energy  is  developed,  it  can  be  accounted  for  by  the  disappearance 
of  an  equal  amount  elsewhere.  Hence  it  is  concluded  that  if  a  part  of  the  universe  could  be  so 
isolated  that  it  could  neither  receive  energy  from,  nor  give  energy  to,  the  parts  of  space  exter- 
nal to  it,  then  its  total  amount  of  energy  would  remain  unchanged.    Further,  if  we  oonsidev 
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the  motions  of  the  molecules  of  matter  which  constitute  light,  heat,  magnetism,  and  electricity^ 
and  the  action  of  the  forces  due  to  chemical  activity,  as  well  as  the  motions  and  forces  of  which 
we  are  cognisant  by  direct  observation,  then  we  may  state  the  law  in  its  most  universal  form — 
namely,  that  the  total  amount  of  energy  in  the  miiyerse  is  the  same  at  all  times.  (See  also 
Energy^  and  Trcmnnutation  of  Energy. 

CONSTANT  OF  ABERRATION.    See  Aberratwn  of  the  Cdesttal  Bodies. 

CONSTELLATION  {Con,  together,  and  Stella,  a  star.)  At  a  veiy  early  epoch  astronomers 
seem  to  have  recognised  the  necessity  of  assigniug  names  to  well-marked  star  groups.  By  asso- 
ciating these  groups  with  the  figures  of  men  and  animals  to  which  they  bore  a  more  or  less 
fanciful  resemblance,  the  astronomer  was  able  to  refer  readily  to  any  definite  region  of  the 
heavens.  Such  an  arrangement  was  especially  useful  when  the  path  of  a  planet  or  comet  was 
to  be  traced  or  recorded. 

It  seems  impossible  to  determine  the  real  origin  of  the  ancient  constellations.  Undoubtedly 
those  from  whom  we  have  received  our  accounts  of  the  matter  were  not  possessed  of  exact  in- 
formation on  the  subject ;  and  the  ancient  zodiacs  which  have  been  discovered  in  Egypt,  As- 
syria,  and  India^  are  too  discordant  to  be  readily  interpreted.  The  researches  of  Bryant  and 
others  throw  some  light  on  the  mythological  relations  which  form  the  basis  of  the  distribution 
of  the  stars  into  constellationB,  but  leave  us  altogether  in  the  dark  as  to  the  epoch  at  which 
that  distribution  was  effected,  and  as  to  the  particular  region  of  the  heavens  which  each  constel- 
lation covered.  The  subject  is  not  indeed  so  trivial  in  its  relation  to  astronomy  as  might  be 
imagined  at  a  first  view.  If  we  could  ascertain  that  a  given  group  of  stars  exhibited  at  some 
far-off  epoch  a  real  resemblance  to  the  figure  of  bird,  beast,  or  fish,  whereas  in  recent  times  no 
such  resemblance  has  existed,  we  should  be  led  to  the  conclusion  that  over  vast  regions  of 
celestial  space  there  are  in  progress  changes  of  inconceivable  importance.  We  learn  that  indi- 
vidual orbs  have  lost  their  lustre  or  grown  brighter  even  during  the  past  few  centuries.  Were 
we  quite  sure  of  the  real  distribution  of  the  stars  into  constellations  in  earlier  ages,  we  might 
form  conclusions  of  a  similar  nature  with  respect  to  whole  systems  of  stars. 

When  we  consider  the  figures  actually  described  by  Aratus,  and  examine  the  regions  of  the 
heavens  to  which  those  figures  are  referred  by  him  and  others,  we  are  impressed  with  the  con- 
viction that  no  resemblance  whatever  exists  between  the  stai^groups  and  the  creatures  with 
which  they  are  associated.  It  may  be  worth  while,  however,  to  inquire  whether  the  principle 
on  which  the  ancient  astronomers  proceeded  might  not  have  been  wholly  different  from  that 
adopted  by  Eudoxns,  Aratus,  or  Ptolemy.  The  ancient  astronomers  may  not  have  thought  it 
by  any  means  necessary  that  each  constellation  should  be  independent  of  the  rest  Where  they 
recognised  the  figure  of  any  object  in  a  star-group,  they  might  describe  the  group  by  that  name, 
without  regarding  the  circumstance  that  a  portion,  or  even  the  whole  of  that  group,  belonged 
to  some  other  constellation  already  recognised.  Precisely  as  the  modem  astronomer  speaks  of 
a  certain  part  of  the  constellation  Leo  as  the  Sickle,  so  the  ancients  might  speak  of  the  Crown 
even  though  they  regarded  the  stars  forming  that  constellation  as  belonging  to  the  uplifted 
aim  of  Bootes. 

Freeing  ourselves  from  the  considerations  introduced  by  Ptolemy  and  others,  it  becomes  pos- 
sible to  trace  in  the  star^groups  a  real  resemblance  to  many  of  the  objects  with  which  the 
fathers  of  the  science  of  astronomy  have  associated  them.  The  figure  of  a  lion  can  readily  be 
traced,  for  example,  in  the  stars  forming  the  modem  constellations,  Leo  Coma  Berenices,  Sex- 
tans, Leo  Minor,  the  northern  claw  of  Cancer,  and  the  head  of  Hydra.  Again,  even  Cancer, 
the  least  conspicuous  of  the  ancient  constellations,  is  accounted  for  when  we  recognise  the  crab's 
southern  claw  in  the  head  of  Hydra.  The  poop  of  Argo  can  be  recognised  if  the  stars,  forming 
the  hind-quarters  of  Canis  Major,  be  accepted  as  forming  part  of  the  ancient  constellation. 

In  this  way  a  large  part  of  the  perplexity  in  which  the  subject  of  the  constellations  has 
hitherto  been  shrouded  seems  to  be  removed.  If  we  accepted  the  principle  here  advocated,  we 
should  find  a  natural  interpretation  of  the  ancient  constellations  in  the  simple  fact,  that  the 
imaginative  minds  of  the  ancient  astronomers  found  a  real  resemblance  between  certain  star- 
nx>ups  and  certain  objects,  and  we  might  then  safely  reject  all  those  fanciful  methods  by  which 
Dupuia  and  others  have  endeavotired  to  interpret  the  ancient  constellations. 

So  far  as  modem  astronomy  is  concerned,  the  subject  of  the  constellations  is  an  unsatisfactory 
one.  It  seems  impossible  to  free  t>ur  star-maps  and  globes  from  the  preposterous  figures  by 
which  they  are  encumbered ;  and  it  has  been  indeed  only  of  late  years  that  astronomers  have 
succeeded  in  checking  the  absurd  practice  of  forming  new  constellations  in  which  many  modem 
map-makers  have  indulged.  All  that  is  at  present  to  be  hoped  for  is  that  by  the  gradual  elimi- 
nation of  the  smaller  constellations  still  in  vogue,  simplicity  may  be  restored  to  our  globes  and 
maps  of  the  heavens.  But  the  only  arrangement  which  would  be  really  worthy  of  modern 
sdenoe,  would  be  one  according  to  which  the  heavens  should  be  divided  in  a  uniform  manner. 
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founded  on  the  existence  on  the  oelestUl  yaalt  of  a  well-marked  natural  great  circle,  that, 
namely,  about  which  the  Milky  Way  pursues  its  course. 

The  following  list  of  constellations  includes  nearly  all  those  which  have  been  even  temporarily 
adopted.  To  distinguish  those  in  present  use  from  the  rest^  the  former  are  printed  in  Boman, 
the  latter  in  italic  letters  : — 

CONBTELLAnOKS  OF  PtOLKKT. 


NorOum. 

1.  Ursa  Minor,  the  Lesser  Bear. 

2.  Ursa  Major,  the  Greater  Bear. 

3.  Draco,  the  Dragon. 

4.  Cepheus. 

5.  Bootes,  the  Herdsman. 

6.  Corona  Borealis,  the  Northern  Crown. 

7.  Hercules. 

8.  Lyra^  the  Lyre. 

9.  Cygnus,  the  Swan. 

10.  Cassiopeia. 

11.  Perseus. 

12.  Auriga. 

13.  Ophiuchufl  or  Serpentarius,  the  Serpent- 

.  bearer. 

14.  Serpens,  the  Serpent. 

15.  Sagitta,  the  Arrow. 

16.  Delphinus,  the  Dolphin. 

17.  Equuleus,  the  Little  Horse. 

18.  Pegasus,  the  Winged  Horse. 

19.  Andromeda. 

20.  Triangulum  Boreale,  the  Northern  Tri- 

angle. 

Zodia£aL 

21.  Aries,  the  Ram. 

22.  Taurus,  the  BulL 


23.  Gemini,  the  Twins. 

24.  Cancer,  the  Crab. 

25.  Leo,  the  Lion. 

26.  Virgo,  the  Virgin. 

27.  Libra,  the  Scales. 

28.  Scorpio,  the  Scorpion. 

29.  Sagittarius,  the  Archer. 

30.  Capricomus,  the  Sea-goat. 

31.  Aquarius,  the  Water-bearer. 

32.  PisoeS)  the  Fishes. 

Souihem, 

33.  Cetaa»  the  Whale. 

34.  Orion. 

35.  Eridanns,  the  Kiver  Eridanns. 

36.  Lepus,  the  Hare. 

37.  Canis  Major,  the  Greater  Dog. 

38.  Canis  Minor,  the  Lesser  Dog. 

39.  Argo,  the  Ship  Argo. 

40.  Hydray  the  Water  Seipent. 

41.  Crater,  the  Cup. 

42.  Corvus,  the  Crow. 

43.  Centaurus,  the  Centaur. 

44.  Lupus,  the  Wolf. 

45.  Ara,  the  Altar. 

46.  Corona  Australis,  the  Southern  Crown. 

47.  Pisds  Australis,  the  Southern  Fish. 


I.  Antimmi, 


Nofikem. 

1.  Mom  McenaliUf  the  Mountain  Moenalus. 

2.  Canes  Venatici  (the  Greyhounds,  Asterion 

and  Chara.) 

3.  Cerbertu. 

4.  Lacerta,  the  Lizard. 

5.  Lynx,  the  Lynx. 

6.  SeiUum  SobiakU,  the  Shield  of  Sobiedd. 


Added  ft  Ttcho  Brabi. 

I      2.  Coma  Berenioee,  the  Hair  of  Berenice. 

Added  bt  Hevelics. 

7.  Sextans  ITranise,  Tycho's  Sextant. 

8.  Triangulum  Minus,  the  Leaser  Triangle. 

9.  CameleopardaUs,  the  Giraffe. 

10.  Vulpecula  et  Aniiser,  the  Fox  and  Groose. 

11.  Leo  Minor,  the  Lesser  Lion. 

Soutfiem. 

12.  Monooeros,  the  Unicom. 

13.  Sextans  Uranise,  Tycho's  Sextant. 


1.  Indus,  the  Indian. 

2.  Grus,  the  Crane. 

3.  Phoenix,  the  Phoenix. 

4.  ApiSy  the  Bee  (now  Musca). 

5.  Pavo,  the  Peacock. 

6.  Toucan,  the  American  bird  Toucan. 

7.  Hydrus,  the  Water-snake. 


Bateb's  Southern  Constellations. 

8.  Dorado,  the  Sword-iSsh. 

9.  Piscis  Volans,  the  Flying-fish. 

10.  Chameleon,  the  Chamseleon. 

1 1.  Triangulimi  Australe,  the  Southern  Tri- 
angle. 

12.  Apus,  the  Bird  of  Paradise. 


Lacaille's  Southebn  Constellations. 


1.  Apparatus    Sculptoris,    the    Sculptor's 

workshop. 

2.  Fornax  Chemica,  the  Chemical  Furnace. 

3.  Horologium,  the  Clock. 

4.  Reticulum  Bhomboidale,  the  Khomboi- 

dal  Net. 

5.  Coela  Sculptoris,  the  Graving  Tools. 

6.  Equus  Pictorius,  the  Painter's  EaseL 


7.  Pixis  Nautica,  the  Compass. 

8.  Antlia  Pneumatica,  the  Air-pump. 

9.  Octans,  the  Octant. 

10.  Norma,  the  Square-rule. 

11.  Circinus,  the  Compasses. 

12.  Telescopium,  the  Telescope. 

13.  Microscopium,  the  Microscope. 

14.  Mons  Mensse,  the  Table  Mountain. 
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4.  Nubis  Minor,  the  Lesser  Cloud. 

5.  Fleur<U4iSy  the  Lily  of  France. 


1.  Crox  Australis,  the  Southern  Crown. 

2.  Columba  Noachi,  Noah's  Dove. 

3.  Nubis  Major,  the  Greater  Cloud. 

To  these  may  be  added  contributionfl  by  Bode,  Le  Monnier,  Foczobut,  and  others,  in- 
cluding : — 


1.  Tarandu»j  the  Reindeer. 

2.  SolUariu8,  the  Hermit. 

3.  Tauriu P<miaUnDsHi,  Foma^awBki*B'BjiiL 

4.  PaaJUerium  Georgianum,  George's  Harp. 

5.  Honores    Iredaid,   the    Honours    of 

Frederic. 

6.  Sc^truM  Brandenburfficim,  the  Sceptre 

of  Brandenburg. 


7.  Fdia,  the  Cat. 

8.  Zochium  Funis,  the  Logline. 

9.  Quadrant  MuraUt,  the  Muial  Quadrant. 

10.  Maehina  EUdrica^  the  Electrical  Ma- 

chine. 

11.  Ofidna    TypograplUcok^    the    Printing 

Press. 

12.  (rZo6u«  iien»tot»et»,  the  Balloon. 


It  is  difficult  to  understand  what  purpose  the  inventors  of  the  constellations  in  the  last  list 
can  have  had  in  view  in  devising  such  absurdities.  The  same  remark  applies,  unfortunately, 
to  many  of  the  constellations  still  in  use,  especially  to  those  invented  by  Hevelius  and  Lacidlle. 
It  is  a  pity  that  the  whims  or  the  conceit  of  two  or  three  astronomers  should  be  suffered  to 
disfigure  our  star  maps,  and  that,  apparently,  there  should  be  little  hope  of  a  change  for  the 
better. 

Francis  Baily  did  good  service  in  eliminating  a  few  asterisms,  and  adopting  for  some  of  those 
he  retained  a  more  convenient  nomenclature.  The  following  list  of  these  changes  is  necessary 
to  complete  our  account  of  the  constellations : — 


Coma    Berenices,   is    written  Coma, 


Vulpecula  et  Anser 

Vulpecula. 

Apparatus  Sculptoris 

Sculptor. 

Ccela  Sculptoris, 

Ccelum. 

Equus  PictoriuSy 

Pictor, 

Fiscis  Volans, 

Volans. 

Keticulum  Bhomboidale,i8  written  JStftictiZuin. 
Fornax  Chemicay  n        Fornax. 

Antlia  Pneumaticai  n        Antlia. 

Mens  Mensa,  n        Mensce. 

Cruz  AustraUs,  »        Crux. 


He  divides  the  constellation  Aigo,  which  is  inconveniently  large,  into  the  four  portions : — 

Mains,  the  Mast,  Carina,  the  Keel, 

Yela^  the  Sails,  Puppis,  the  Stem, 

retaining  the  name  Argo  in  the  case  of  all  stars  which  have  had  Greek  letters  assigned  them, 
and  using  italics  and  Roman  capitals  for  stars  belonging  to  the  sub-divisioDS. 

Yet  further  changes  of  this  sort  might  be  adopted  with  advantage.  It  is  important  that  the 
name  of  each  constellation  should  be  as  short  as  possible,  because  the  airangement  of  the  star 
groups  is  interiered  with  when  a  long  word  has  to  be  printed  among  the  stars.  There  seems 
no  reason  why  the  following  changes  should  not  be  accepted : — 


For  Corona  Borealis, 

Corona. 

For  Leo  Minor, 

Zeona. 

II    Corona  Australis^ 

Corolla, 

II    Vulpecula, 

Vvlpes. 

II    Ursa  Major, 

Ursa. 

fi    Equuleus, 

Equus. 

ti    Ursa  Minor,      , 

Minor. 

II    Delphinus^ 

Ddphin. 

II    Canis  Major,     • 

Canis. 

If    Cameleopardalis, 

Camdus. 

ti    Canis  Minor, 

.        Fdis. 

ti    Monocero^ 

Ctrvus. 

The  constellation  Sagitta  seems  also  unworthy  of  the  place  it  has  in  our  maps. 

Under  the  titles  of  the  principal  constellations  will  be  found  remarks  on  their  chief  character- 
istics. 

CONTACT.  (Contactus,  a  touching.)  A  term  used  in  describbg  an  edipee  of  the  sun  or 
moon,  or  a  transit  of  an  inferior  plimet.  It  is  used  to  indicate  Uie  moment  when  the  two 
limbs  of  the  sun  and  moon  just  touch  either  interiorly  or  exteriorly  in  a  solar  eclipse ;  or  when 
the  outline  of  the  earth's  umbra  or  penumbra  just  touches  the  moon's  limb,  in  a  lunar  eclipse ; 
or,  lastly,  when  the  limb  of  Venus  or  Mercury  just  touches  the  sun's^  either  exteriorly  or 
interiorly,  when  a  transit  of  either  planet  is  in  progress. 

CONTACT  ACTION.    (See  CaUdysis.) 

CONTINUITY,  LAW  OF.  The  principle  that  nothing  passes  from  one  state  to  another 
without  passing  through  all  intermediate  states.  From  this  law,  for  instance,  if  it  be  known 
that  at  two  instants  of  time  a  body  had  a  temperature  of  20%  and  at  another  a  temperature  of 
40*",  then  there  must  have  been  an  instant  between  these,  at  which  the  temperature  was  30^ 
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If  a  body,  at  two  different  timeBy  had  velocities  of  12  feet  and  20  feet  per  second,  respectively, 
we  may  conclude,  from  the  law  of  continuity,  that  between  these  times  it  had  all  velocities 
between  12  feet  and  20  feet.  The  principle  is  of  considerable  use  in  investigations  on  motion 
and  physical  change ;  it  was  distinctly  laid  down  by  Galileo,  who  ascribed  it  to  Plato ;  bat 
Leibnitz  was  the  first  to  apply  it  extensively  to  test  physical  theories.  He  established  its  truth 
by  the  method  of  reductio  ad  abturdum.  If  a  change  were  to  happen  without  the  lapse  of  time, 
the  thing  changed  must  be  in  two  different  conditions  at  the  same  instant,  which  is  obviously 
impossible. 

CONTINUITY  OF  LIQUID  AND  GASEOUS  STATES  OF  MATTER.  See  Matter, 
Continuity  of  Liquid  and  Gateous  States  of. 

CONVECTION,  DISCHABGE  BY.  When  an  electrified  insulated  body  is  surrounded  by 
a  gas,  the  molecules  of  the  gas  coming  in  contact  with  it  become  charged,  and  then  repelled, 
and  thus  carry  away,  by  degrees;,  the  electricity  of  the  body.  This  is  called  discharge  by 
convection,     (See  also  Discharge,) 

CONVECTION  OF  HEAT.  {Contfeho,  to  carry  up.)  When  a  liquid  is  heated  from  above 
the  temperature  of  the  mass  rises  with  extreme  slowness,  because  liquids  possess  but  little  con- 
ducting power  for  heat ;  thus  water  may  be  boiled  above  ice,  although  separated  from  it  by  a  very 
thin  stratum  of  water.  But  if  the  liquid  be  heated  from  below,  and  the  ice  be  at  the  surface,  a 
very  different  effect  is  observed ;  the  ice  melts  quickly,  and  the  whole  mass  of  water  is  soon 
raised  to  the  temperature  of  ebullition.  If  amber  dust  or  saw-dust  is  diffused  through  a  liquid 
which  is  being  heated  from  below,  we  notice  at  once  that  currents  of  liquid  ascend  from  the 
bottom  to  the  top  of  the  vessel,  and  the  liquid  acquires  a  uniform  temperature.  This  tran- 
sport of  heat  by  masses  of  matter  is  known  as  convection.  The  layers  of  a  liquid  or  gas  which 
are  nearest  to  the  source  of  heat  are  expanded,  and  thus  become  specifically  lighter  than 
surrounding  portions,  consequently  they  rise ;  while  colder,  and  consequently  heavier,  portiona 
descend,  are  heated  in  their  turn,  and  then  ascend  to  make  way  for  other  colder  portions. 
Thus,  however  badly  a  liquid  or  gas  may  conduct  heat,  it  can  rapidly  acquire  a  uniform 
temperature  by  the  convection  of  heat.  Now  it  is  evident  that  the  more  expansible  a  body 
may  be,  the  greater  is  its  convective  power,  for  the  greater  is  the  difference  between  the  weight 
of  equal  bulks  of  cold  and  hot  portions  of  it,  consequently  the  movement  of  heated  masses  takes 
place  with  more  facility  and  rapidity.  Hence  convection  takes  place  in  gases  far  more  readily 
than  in  fluids,  because  for  equal  increments  of  heat  they  expand  to  a  greater  extent  thaa 
liquids.  It  is  obvious  that  convection  cannot  take  place  in  solids,  for  mobility  of  particles  is 
necessary  before  any  displacement  of  masses  can  ensue ;  it  also  results  that,  other  things  being 
equal,  convection  takes  place  more  readily  in  mobile  than  in  viscid  liquids  ;  thus  in  glycerine 
or  treacle  the  diffusion  of  heat  through  the  mass  would  take  place  far  more  slowly  than  in 
water  or  alcohol.  The  displacement  of  the  lighter  warm  layers  of  a  liquid  or  gas,  by  heavier 
and  colder  layers,  is  due  to  gravity.  Dr.  Balfour  Stewart  has  well  remarked,  **  Were  there  no 
gravity  there  would  be  no  convection  ;  indeed,  the  very  term  specifically  heavier  has  a  reference 
to  gravity :  so  that  if  this  force  did  not  exist  it  would  be  a  matter  of  no  consequence  what  part 
of  a  vessel  of  water  we  heated,  the  effect  of  the  heating  would  be  always  the  same." 

In  nature  we  have  many  notable  examples  of  the  convection  of  heat,  and  some  of  these  are 
on  a  gigantic  scale ;  we  need  do  no  more  than  refer  to  the  trade-winds,  and  various  great  ocean 
currents  in  exemplification  of  this.  The  gradual  cooling  of  a  mass  of  water,  until  it  has  attained 
its  TnATimTiTO  density  (see  Maximum  Density  of  Water),  is  another  example  of  convection. 
(See  also  Winds  ;  Climate.) 

CONVERGING  RAYS  are  those  which,  proceeding  from  several  points,  meet  together  in 
one  point,  which  is  called  the  focus  or  focal  point. 

CONVEX  LENS,  DOUBLE.  A  lens  formed  of  two  spherical  surfaces,  each  curved 
outwards.  An  equally  convex  lens  has  the  radii  of  its  two  surfaces  equal,  an  unequally  convex 
lens  has  them  unequal     Convex  lenses  converge  parallel  rays  of  light  to  a  focus. 

CONVEX  MIRROR.  {Convexus,  conveho,  con,  together ;  and  who,  to  carry.)  A  reflect- 
ing surface  of  a  convex  form.  It  renders  parallel  rays  falling  upon  it  divergent,  seeming  to 
radiate  from  a  point  behind  it  called  the  virtual  focus.  This  point  is  about  one-half  the  radius 
of  convexity  behind  the  mirror.  Images  reflected  from  convex  mirrors  appear  much  smaller 
than  their  real  size,  and  more  distant.     (See  Mirror.) 

COOLING,  VELOCITY  OF.  If  we  pass  from  the  warm  outside  air  of  a  summer  day 
into  an  ice  house  or  cold  vault  we  find  ourselves  chilled,  because,  in  accordance  with  Prevost's 
theory  of  exchanges,  (which  see),  otur  bodies  part  with  more  heat  than  they  receive  when 
surrounded  by  objects  possessing  a  lower  temperature  than  their  own.  It  is  a  case  of  uncom- 
pensated radiation,  and  the  velocity  of  cooling  increases,  as  the  difference  of  temperature 
between  the  surrounding  medium  and  the  coolhig  bodies  is  greater.    The  first  complete  and 
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aociirate  experiments  on  the  cooling  of  bodies  were  made  by  Dulong  and  Petit,  and  were  com- 
municated  to,  and  crowned  by,  the  AccuUmit  des  Sciencet  in  1818.  The  mode  of  experiment  was 
to  enclose  a  very  large  thermometer,  the  mercury  in  which  possessed  a  known  temperature  in 
a  hollow  sphere  of  copper  blackened  inside,  in  such  a  manner  that  the  centre  of  the  bulb 
of  the  thermometer  and  of  the  copper  sphere  coincided.  By  placing  the  sphere  in  water  of 
different  temperatures,  a  uniform  temperature  could  obviously  be  established  within  it.  The 
temperature  of  the  mercury  in  the  thermometer  was  higher  than  that  of  the  sphere,  and  the 
velocity  of  cooling  was  indicated  by  the  number  of  degrees  through  which  the  mercury  fell  in 
one  minute  of  time. 

The  following  results,  as  stated  by  Pouillet,  were  obtained  by  Bulong  and  Petit  by  this 
method  of  experimenting.  The  copper  sphere  was  30  centimetres  (i  1 78  inches)  diameter,  and 
the  thermometer  contained  between  2  and  3  lbs.  of  mercury,  and  was  provided  with  a  long  and 
accurately  graduated  stem. 

Velocity  of  Cooldto. 


Temperatures  of  the  enoloiuxe. 

Excess  of  temperature 
of  the  thermometer. 

o«C. 

20»C. 

40?  C. 

6o«C. 

80OC. 

840^  C. 

zo"69 

13 '40 

X4*35 

•  • 

•  • 

290 

8-81 

ZO'41 

zr98 

•  • 

•  • 

aoo 

740 

858 

lO'Ot 

zi*64 

X3'4S 

z8o 

6"io 

704 

8'ao 

955 

zi'os 

x6o 

4*89 

5-67 

6-6i 

7-68 

8*95 

140 

388 

457 

532 

614 

719 

lao 

3*03 

356 

415 

^"51 

564 

zoo 

a-3o 

2 '74 

316 

368 

4-29 

80 

x'74 

z-99 

230 

i'U 

3-i8 

60 

•  9 

Z-40 

z'63 

2x7 

From  these  results  the  following  law  was  deduced  : — The  velocity  of  cooling  in  a  vacuum 
increases  in  geometrical  progression  if  the  temperature  of  the  enclosure  increases  in  arithmetical 
progression,  for  the  same  excess  of  temperature. 

The  above  table  shows  us  that  the  velocity  of  cooliDg  increases  with  the  temperature  of  the 
enclosure,  when  the  excess  of  temperature  of  the  cooling  body  is  constant :  thus  a  thermometer 
at  200**  C.  cools  faster  in  an  enclosure  possessing  a  temperature  of  100*"  C.  than  a  thermometer 
at  100^  C.  in  an  enclosure  possessing  a  temperature  of  o**  C,  the  excess  of  temperature  of  the 
thermometer  above  the  enclosure  being  in  both  cases  the  same. 

COPERNICAN  SYSTEM.  The  system  by  which  Copernicus  exphuned  the  apparent 
motions  of  the  planets.  According  to  this  system  the  sun  occupies  the  centre  of  the  system, 
and  all  the  planets  travel  around  him,  those  nearer  to  him  travelling  more  swiftly  than  those 
farther  from  him.  Copernicus  was  unable  to  pronounce  definitely  as  to  the  figure  of  the 
planetary  orbits.  He  saw  that  they  were  not  circles  having  the  sun  as  centre,  and  he  was  dis* 
posed  to  adopt  some  of  the  Ptolemaio  contrivances  of  epicycles  and  eccentrics  to  account  for 
the  observed  peculiarities  of  planetary  motion.  (See  KepUrian  Syiteni.)  The  great  merit  of 
lus  system  consists  not  in  any  extreme  simplicity  of  the  motions  he  ascribed  to  the  planets, 
but  in  the  orderly  arrangement  of  the  planetary  scheme  in  subordination  to  the  sun  as  the  orb 
around  which  all  the  main  motions  were  performed.  In  the  Ptolemaic  System  {q.v.)  it  was 
necessary  to  conceive  first  of  the  motion  of  imaginary  points  around  the  earth,  and  then  of 
equally  extensive  motions  of  the  planets  around  these  moving  points.  It  need  hardly  be  added 
that  in  explaining  the  apparent  motions  of  the  planets,  their  advances,  stations,  and  retro- 
gressions, as  due  to  real  motions  about  the  sun  as  centre,  Copernicus  at  the  same  time  taught 
that  the  diurnal  motion  of  the  heavens  is  only  apparent,  and  due  to  a  real  motion  of  the  earth 
npon  her  axis. 

COPPER.  An  elementary  metallic  substance  known  to  the  ancients  ;  its  Latin  name, 
Cuprum,  iB  derived  from  Cyprium,  as  the  Romans  first  obtained  it  from  the  Island  of  Cyprus, 
and  called  it  jEs  Cyprium^  (Cyprian  brass) ;  tins  was  soon  contracted  to  Cuprum.  From  this 
word  the  symbol  Cu  is  obtained*  Atomic  weight,  63*5.  Specific  gravity  between  8*91  and 
8*95.  Specific  heat,  0*09515  between  o**  and  loo**  C.  (32"  and  212"  F.)  Melting  point 
between  that  of  gold  and  silver,  being  somewhere  about  2300*^  F.  It  expands  on  solidifying. 
Next  to  silver  it  is  the  best  conductor  of  electricity,  being  in  the  pure  state  93*08,  while  silver 
is  100.    It  is  very  haid,  eUstic,  and  tough ;  possesses  great  malleability  and  ductility ;  and  it 
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crystaUifleB  in  the  regular  system,  forming  cubes,  octahedrons,  and  rhombic  dodecahedrons.  It 
occurs  native  in  many  parts  of  the  world,  the  principal  deposits  being  on  the  coast  of  Lake 
Superior,  one  mass  having  been  found  there  weighing  500  tons.  The  principal  ores  of  copper, 
besides  the  native  metal,  are  the  aulphidu  of  copper,  either  alone  or  in  combination  with  oUier 
metaU,  such  as  copper  glance  (Cu^S) ;  Indigo  copper  (Cu  S) ;  copper  pyrites  (OusS,  Fe,S,)  ,*  vario' 
gated  copper  ore  (3  Cu,S,  Fe^g)  >  ^^  ^'^^  oontidning  variable  admixtures  of  sulphides  of  copper, 
iron,  zinc,  silver,  mercury,  antimony,  and  arsenic ;  EnaTgiie,  containing  sulphides  of  copper  and 
arsenic  *  oaddiaed  copper  ores,  such  as  red  copper  (Cu,0)  and  black  oxide  of  copper ;  and  copper 
taUs,  such  as  maUchite  (which  is  carbonate  of  copper),  silicate  of  copper,  dioptase,  chloride  Ci 
copper,  atacamite,  phosphate  of  copper,  and  axseniate  of  copper.  Copper  is  extracted  com- 
mercially from  all  these  ores ;  it  is  also  found  in  minute  quantities  in  most  soils,  in  sea  weed, 
in  many  vegetable  products,  and  in  the  animal  body.  Copper  smelting  is  not  a  complicated 
operation  when  ores  are  used  which  do  not  contain  erolphur,  reduction  readily  taking  place  at  a 
high  temperature  in  the  presence  of  charcoal,  and  a  suitable  silicious  flux.  When,  however, 
sulphur  is  present,  a  more  complicated  operation  has  to  be  adopted,  the  object  being  to  remove 
the  iron  and  other  metals  in  the  form  of  silicate  in  the  slag,  and  concentrate  the  copper  into  a 
fusible  sulphide.  After  this  operation  has  been  repeated  two  or  three  times,  a  regulus  of 
almost  pure  sulphide  of  copper  is  obtained.  This  is  roasted  with  free  access  of  air,  when  most 
of  the  sulphur  passes  off  as  sulphurous  acid,  and  the  copper  oxidises.  At  a  certain  stage  of  the 
process  the  remaining  sulphide  of  copper  and  oxide  of  copper  react  npon  each  other,  forming 
sulphurous  acid,  and  metallic  copper  in  an  impure  state,  known  as  coarse  copper,  blister  copper, 
and  black  copper.  This  metal  is  then  submitted  to  refining,  which  is  effected  principally  by 
exposing  it  in  a  melted  state  to  the  action  of  air  and  a  highly  silicious  slag,  until  the  impurities 
have  passed  into  the  slag.  In  this  state  the  copper  is  what  is  technically  called  dry,  containing 
oxide  of  copper  dissolved  in  it.  To  remove  tlds,  charcoal  or  anthracite  is  thrown  npon  the 
melted  surface,  and  the  metal  is  then  stirred  up  with  a  green  wooden  pole.  Violent  com- 
motion takes  place,  and  the  oxide  is  reduced  to  the  meUkllic  state.  If  this  poling  is  not 
carried  on  sufficiently  long  the  copper  is  tenned  UTuierpoled,  whikt  if  it  goes  on  too  long  it 
becomes  overpoled,  and  carbon  gets  into  the  copper ;  the  remedy  for  this  is  to  allow  the  air  to 
act  upon  the  suriace  for  a  short  time.  During  these  operations  the  smelter  removes  samples 
'from  time  to  time,  and  tests  them  by  hanomering.  As  soon  as  the  metal  is  of  tough  pitch,  it  ia 
ladled  into  moulds.  Copper  is  sometimes  extracted  in  the  wet  way  from  drainage  waters  of 
mines  and  other  solutions  containing  this  metal ;  it  is  precipitated  by  metallic  iron,  and  the 
resulting  spongy  copper  melted  and  refined.  Copper  tarnishes  slightly  in  the  air ;  its  principal 
solvent  is  nitric  acid  which  attacks  it  violently,  forming  nitrate  of  copper ;  it  unites  with 
chlorine  at  the  ordinary  temperature,  forming  chloride  of  copper,  and  at  a  high  temperature  with 
bromine,  iodine,  and  sulphur,  and  most  of  the  metals.  For  a  description  of  the  salts  of  copper 
see  under  the  headings  of  the  respective  acids,  and  for  the  principal  alloys  of  copper  see  AUoys. 

Copper  forms  two  oxides,  the  protoxide  (CuO),  and  the  sub-oxide  (Cu^O).  The  prot- 
oxide is  found  native  in  dark  steel  gray  crystals,  possessing  a  specific  gravity  of  $'9.  It  is  pre- 
pared artificially  by  heating  copper  in  contact  with  air,  or  by  igniting  the  sulphate,  carbonate^ 
or  nitrate  of  copper.  It  is  also  prepared  in  the  wet  way  by  adding  caustic  potash  to  a  hot 
solution  of  a  cupric  salt ;  thus  formed,  it  is  a  black  powder  which  melts  at  a  red  heat.  The 
suboxide  of  copper  occurs  native  in  red  translucent  crystals,  having  a  specific  gravity  of  5*8 ; 
prepared  artificially  it  forms  a  beautiful  crimson  powder.  Both  these  oxides  are  easily  reduced 
to  the  metallic  state  by  heating  with  reducing  agents.  Proto-chloride  of  copper  is  brown  in  the 
anhydrous  state,  and  green  when  hydrated ;  it  is  very  soluble  in  water,  forming  a  beautiful 
emerald  green  solution  when  concentrated,  but  pale  blue  when  dilute.  There  are  several 
sulphides  of  copper,  the  principal  being  the  proto^sulphide  and  the  di-sulphide,  corresponding  in 
oomp>8ition  to  the  two  oxides.  They  are  both  found  native,  and  are  worked  as  copper  oies  ; 
the  proto-sulphide  is  often  formed  in  analytical  operations ;  in  the  process  of  separating  copper 
from  other  metals,  it  is  thrown  down  as  a  dark  Drown  precipitate,  insoluUe  in  water  and  cold 
acids 

COPPER  PYRITES.    See  Coptier, 

COPPERAS.     See  Sulphates,  Iron. 

COR  CAROLI.  (Charles's  Heart.)  The  star  a  of  the  constellation  Canes  Venatid,  or 
CatuU. 

COR  HYDRA.  (The  Heart  of  the  Sea  Snake.)  The  star  a  of  the  constellation  Hydra.  It 
is  also  called  Alphard,  or  the  Solitary  One. 

COR  LEONIS.  (The  Lion's  Heart.)  The  star  a  of  the  constellation  Leo.  It  is  also  caQed 
Regulus. 

CORNEA.  (Comu,  a  horn.)  The  transparent  homy  membrane  which  coven  the  front  part 
of  the  eye.    (See  Eye,) 
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CORONA,  SOLAR.  In  astronomy  this  term  is  applied  to  the  glory  of  light  seen  aronnd  the 
totally  eclipsed  sun.  This  phenomenon  has  attracted  much  attention,  and  many  theories  have 
been  hazarded  as  to  its  real  nature.  Halley  was  disposed  to  regard  it  as  due  to  the  existence  of 
a  lunar  atmosphere,  an  idea  which  Newton  rejected,  and  which  has  since  been  thoroughly  dis- 
proved. We  now  know  that  if  the  moon  has  an  atmosphere  at  all  it  is  one  of  very  small  extent. 
Delisle  and  others  have  suggested  that  the  phenomenon  may  be  due  to  the  diffraction  of  the 
son's  light  in  passing  tangentially  by  the  moon's  sphere.  Although  this.theory  seems  supported 
by  experimental  tests,  it  has  been  shown  by  Sir  David  Brewster  to  be  untenable,  since  any 
diffraction-ring  thus  occasioned  would  necessarily  be  too  narrow  to  be  visible  from  the  earth. 
In  recent  times  a  theory  has  been  put  forward  which  ascribes  the  corona  to  the  glare  of  light  in 
our  own  atmosphere  ;  but  no  evidence  has  been  given  to  show  how  this  glare  can  be  produced, 
or  that  it  woidd  account  for  the  special  chanKteristics  of  the  coronal  light.  The  theory,  in 
fact,  will  not  bear  examination. 

There  remains  only  the  conclusion  that  the  corona  is  a  true  solar  appendage,  though  of  what 
nature  has  not  yet  been  clearly  shown.  From  the  observations  made  by  Mr.  Lockyer  in  the 
spectrum  of  the  prominences,  that  ingenious  observer  has  been  led  to  conclude  that  the  corona 
cannot  be  a  solar  atmosphere.  Dr.  Frankland's  observations  of  the  spectrum  of  hydrogen 
show  that  at  the  bottom  of  such  an  i^osphere  the  hydrogen  of  the  prominences  could  not 
fail  to  give  a  different  spectrum  than  that  seen  by  Mr.  Lockyer.  It  would  appear  clear  there- 
fore that  the  particles  forming  the  corona  must  be  prevented  from  pressing  tcrwards  the  sun  by 
their  own  motions.  Thus  the  conclusion  is  suggested  that  they  are  in  reality  members  of  those 
meteoric  systems  whose  perihelia  must  exist  in  countless  thousands  in  the  sun's  neighbourhood. 
Baxendell  of  Manchester  has  shown  from  meteorological  considerations  that  there  probably 
exists  round  the  sun  an  envelope  of  some  such  nature.  Leverrier  also  has  shown  that  the 
motions  of  Mercury  indicate  the  existence  of  bodies  (whose  combined  mass  must  be  considerable) 
travelling  within  the  orbit  of  Mercury. 

CORONA  AUSTBALIS.  (The  Southern  Crown.)  One  of  Ptolemy's  southern  constella- 
tions. The  stars  forming  this  constellation  are  chiefly  remarkable  as  defining  part  of  the  limits 
of  a  region  rich  in  stars,  the  region  immediately  beyond  towards  the  north  being  singularly 
barren,  so  far  at  least  as  lucid  stars  are  in  question. 

CORONA  BOBEALIS.  (The  Nortiiem  Crown.)  One  of  Ptolemy*s  northern  consteUations. 
It  was  within  this  constellation  that  in  May  1S69  a  star  blazed  suddenly  forth,  attaining  at 
once  the  brilliancy  of  a  second  magnitude  star.  This  orb  appeared  in  the  place  formerly 
occupied  by  a  star  of  the  tenth  magnitude,  so  as  to  suggest  the  conclusion  that  through  some 
imknown  cause  this  minute  star  had  suddenly  been  lifted  up  with  new  splendours.  Examined 
by  Mr.  Huggins  with  the  spectroscope,  the  light  of  the  new  star  told  a  strange  story.  There 
was  the  usual  continuous  spectrum,  but  across  this  spectrum  there  were  the  bright  lines 
corresponding  to  glowing  hydrogen,  so  as  to  justify  the  inference  that  there  had  been  an 
outburst  of  hydrogen  fUmes  over  the  surface  of  this  distant  orb.  Whether  a  sun  had  thus 
saddenly  acquired  a  lustre  exceeding  several  hundredfold  its  former  brilliancy  may  indeed 
be  gravely  questioned.  Far  more  probably  the  new  star  was  relatively  minute.  It  is  note- 
worthy that  until  the  appearance  of  this  temporary  brilliant,  all  the  phenomena  of  the  same 
character  had  made  their  appearance  on  the  borders  of  the  Milky  Way.  It  is  worth  considering 
whether  this  exception  should  lead  ns  to  forget  the  rule  which  has  characterised  all  other 
instances.  

CORONA,  SPECTRUM  OF  THE.  During  the  total  solar  eclipse  of  August  1869,  Prof. 
Young  found  that  the  corona,  instead  of  showing  a  subdued  solar  spectrum,  yielded  a  spectrum 
of  three  bright  green  lines.  From  the  dose  accordance  between  these  coronal  lines  and  three 
of  the  auroral  lines,  he  considers  that  there  is  a  relationship  between  the  corona  and  the  aurora. 
(See  Spectrum  ;  Aurora  BoreaUs,  Spectrum  of,) 

CORNISH-BOILER.     See  SteamrBoiler. 

CORPUSCULAR  THEORY  OF  LIGHT.  There  are  two  theories  of  light->the  Undulaiory 
or  Vibratory  Theory,  and  the  Corpuscular  or  Emitsive  Theory.  According  to  the  latter,  light 
consists  of  an  emanation  of  excessively  minute  particles  of  matter,  projected  from  the  sun  and 
other  luminous  sources  with  an  enormous  velocity.  This  theory  which  was  advocated  by 
Newton,  is  now  universally  superseded  by  the  undulatoiy  theory.  (See  UnduUUory  Theory  of 
Light.) 

CORRELATION  OF  ELECTRICITY.     (See  Electricity,  Corrdation  of.) 

CORRELATION  OF  THE  PHYSICAL  FORCES.  The  principle  that  any  one  of  the 
various  forms  of  physical  force  may  be  converted  into  one  or  more  of  the  other  forms.  The 
term  is  due  to  Mr.  Grove  who  thus  explains  the  doctrine  to  which  it  was  applied.  "  The 
various  affections  of  matter  which  constitute  the  main  objects  of  experimental  physics,  namely, 
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heat,  light,  electricity,  magnetism,  chemical  afiBnity,  and  motion,  are  all  conrelative,  or  have  a 
reciprocal  dependence  ;  that  neither,  taken  abBtractedly,  can  be  said  to  be  the  essential  cause 
of  the  others  ;  but  that  either  can  produce  or  be  convertible  into  any  of  the  others.  Thus 
heat  may  mediately  or  immediately  produce  electricty,  electricity  may  produce  heat,  and  so  of 
the  rest,  each  merging  itself  as  the  force  it  produces  becomes  developed  ;  and  that  the  same 
must  hold  good  of  other  forces,  it  being  an  irresistible  inference  from  observed  phenomena 
that  a  force  cannot  originate  otherwise  than  by  devolution  from  pre-existing  force  or  forces." 
It  is  now  generally  admitted  that  the  term  "Transmutation''  more  accurately  describes  this 
relationship.     (See  Trantmvtation  of  Energy*) 

CORRECTION  FOR  CAPILLARITY.    See  Barometer. 

CORROSIVE  SUBLIMATE.     See  Mercury,  Chlorides. 

COR  SCORPII ;  or,  Cor  ScorpumU.  The  ScorpwtCs  Heart  The  star  a  of  the  Constellation 
Scorpio.    (See  Scorpio.)    It  is  also  called  Antaree. 

CORUNDUM.  Pure  alumina  in  the  native  crystalline  state.  The  sapphire,  ruby,  oriental 
amethyst,  and  oriental  topaz,  are  called  precious  corundum,  being  crystallised  alimiina  tinged 
with  some  colouring  matter,  whilst  adamantine  spar  and  emery  are  called  common  corundum. 
Its  hardness  is  next  to  that  of  the  diamond,  being  nine  on  the  scale  ;  specific  gravity  about 
4*0.  It  is  infufidble  before  the  blow-pipe,  and  insoluble  in  acids ;  it  is  somewhat  brittle  and 
has  a  conchoidal  fracture.  The  precious  varieties  are  transparent^  and  the  common  variety 
transluoent  or  opaque. 

CORVUS.  (The  Crow.)  One  of  Ptolemy's  Southern  constellations.  It  consists  of  a  group 
of  stars  near  Hydra,  and  is  by  some  astronomers  regarded  as  a  portion  of  that  constellation.  The 
figure  of  the  group  somewhat  resembles  that  of  a  crow,  but  not  in  the  attitude  usually  depicted 
on  maps  and  charts.    The  head  should  be  near  the  star  Eta,  not  near  Alpha^ 

COSMICAL.  (KOfffwcSs.)  A  term  used  by  ancient  astronomers.  When  a  star  rose  at  the 
same  time  as  the  sun,  it  was  said  to  rise  coamically.  So  the  coemical  setting  of  a  star  signified 
the  coincidence  of  its  hour  of  setting  with  that  of  the  sun.    See  Acronycal;  HdiacaL 

COUPLES.  {Copula,  a  link.)  Two  equal  parallel  forces  acting  on  a  body  in  opposite 
directions  form  what  is  known  as  a  coupU.  It  is  evident  that  such  a  combination  can  only 
cause  the  body  to  rotate.  A  railway  turn-table  supplies  an  illustration.  If  equal  forces  be 
applied  at  each  extremity  of  the  same  diameter  in  opposite  directions,  the  turn-table  is  caused 
to  rotate  about  its  centre,  together  with  the  engine  or  carriage  placed  upon  it ;  and  it  is  obvious 
that  in  such  a  case  no  motion  of  translation  coiUd  take  place  if  the  turn-table  were  free  to  move. 
The  perpendicular  distance  between  the  directions  of  the  forces,  is  called  the  arm  of  the 
couple  ;  an^  the  perpendicular  to  the  plane  of  the  couple  at  the  middle  point  of  the  arm  is 
termed  the  axis  of  the  couple.  Referring  again  to  the  turn-table,  suppose  equal  forces  applied 
first  at  a  certain  distance  from  the  centre,  and  then  the  same  forces  applied  at  double  the 
distance  ;  the  efifect  of  the  couple  in  the  second  case  would  be  twice  that  in  the  first.  Now 
suppose  the  points  of  application  to  remain  the  same,  but  the  intensity  of  the  forces  to  be 
doubled,  the  effect  of  the  couple  will  again  be  doubled ;  and  if  the  forces  are  doubled,  and  also 
the  distance  of  their  points  of  application  from  the  centre,  the  effect  of  the  couple  is  quadrupled. 
This  product  of  the  distance  of  the  point  of  application  by  the  intensity  of  the  forces  is  called 
the  moment  of  the  couple,  and,  gen^idly,  the  effect  of  the  couple  is  measured  by  the  moments 
of  the  foroes  about  the  axis,  and  so  long  as  the  moment  remains  the  same,  no  change  in  the 
couple  alters  its  effect.  The  chief  laws  of  couples  are,  first,  that  if  points  be  taken  either  in 
the  arm  of  the  couple,  or  without  the  couple  but  in  its  plane,  the  moment  of  the  couple  about 
all  such  points  remains  constant;  secondly,  that  two  couples  are  equivalent  to  one  another 
when  their  moments  are  equaL  From  these  are  deduced,  as  subsidiary  laws,  (i.)  A  couple  may 
be  turned  in  its  own  plane  through  any  angle,  at  any  point  in  its  arm,  without  altering  its 
effect  (for  the  moment  about  the  axis  is  not  thereby  changed) ;  (2.)  A  couple  is  not  altered  by 
being  moved  parallel  to  itself ;  (3.)  Two  couples  are  equivalent  if  their  moments  are  equal  and 
they  act  in  the  same  direction.  A  couple  cannot  have  a  single  force  as  its  resultant,  and 
consequently  a  single  force  can  never  counteract  the  effect  of  a  couple.  But  a  number  of 
couples  may  have  a  resultant  couple  possessing  the  combined  effect  of  all  the  couples.  If  the 
couples  act  in  the  same  plane  or  in  parallel  planes,  their  resultant  ia  a  couple,  whose  moment  is 
the  sum  of  the  moments  of  the  couples ;  but  if  they  are  in  planes  which  intersect,  the  resultant 
couple  may  be  found  by  the  parallelogram  of  couples,  a  method  analogous  to  the  parallelogram 
of  forces.  As  a  general  fact,  the  laws  of  the  composition  and  resolution  of  couples  are  similar 
to  the  corresponcHng  laws  of  single  forces,  the  axis  of  the  couple  corresponding  to  the  direction 
of  the  force,  and  the  moment  of  the  couple  to  the  magnitude  of  the  force. 

COUPLING-.  In  machinery  any  contrivance  for  connecting  permanently  or  occasionally 
the  different  moving  parts  of  a  machine.    The  term  is  applied  more  particularly  to  the  parts 
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forming  the  longitudinal  connections  of  the  shafts.    (See  Budianan's  Practical  Esmys  en  Mill 
Wwk.) 

COURONNE  DE  TASSES.    See  CVwwi  of  Cups. 

CRAB.  A  machine  used  by  builders  and  others  for  raising  weights.  It  consists  of  a 
horizontal  axle  with  a  large  toothed  wheel  nsually  turned  by  a  windi  and  a  small  toothed 
wheel.  The  rope  or  chain  wound  round  the  axle  may  be  made  to  pass  in  any  direction,  as 
for  instance  so  as  to  raise  weights  vertically,  by  a  suitable  arrangement  of  pulleya 

CRANE.  A  compound  machine,  used  for  raising  heavy  weights,  and  at  the  same  time  re- 
moving them  some  distance  from  the  place  from  which  they  were  taken,  as  for  instance  for 
raising  goods  from  the  hold  of  a  ship  uid  removing  them  to  the  quay.  The  crane  usually 
consiBts  of  a  wheel  and  axle  fixed  to  a  vertical  shaft  or  arbor,  and  a  pulley  attached  to  the  end 
of  a  projecting  arm.  The  shaft  rests  on  a  pivot  at  the  lower  extremity,  and  ia  supported  in  the 
middle  by  a  metal  ring  let  into  a  block  of  stone  into  which  works  a  set  of  wheels  called  friction 
rollers.  The  arm  or  jib  is  fixed  to  the  upper  extremity  of  the  shaft,  usually  at  an  angle  of 
about  45°.  The  weight  or  load  ia  attached  to  a  chain  which  passes  over  the  pulley  at  the  end 
of  the  jib,  and  then  round  the  axle.  On  turning  the  windi  the  weight  is  raised  as  far  as 
necessary,  and  the  whole  machine  is  then  turned  on  the  pivot  imtil  the  weight  b  directly  over 
the  place  at  which  it  is  to  be  deposited,  where  it  is  allowed  gently  to  descend.  Steam  cranes 
are  now  in  common  use. 

CRANK.  (Dutch,  hring^  a  circle.)  An  important  contrivance  in  the  process  of  converting 
a  rectilinear  motion,  as  that  of  the  piston  in  a  steam  engine,  into  a  motion  of  rotation.  It  con- 
sists usually  of  a  double  winch,  but  sometimes  is  only  single.  The  part  between  the  two  elbow 
joints  is  termed  the  arm  of  the  crank.  The  connecting  rod  which  transmits  the  alternate 
xnotion  due  to  the  power  is  attached  to  the  crank  by  a  joint,  and  consequently  is  made  to 
traverse  the  circumference  of  a  circle  of  which  the  arm  is  the  radius,  and  so  to  produce  the 
rotation  of  the  axis.  The  connecting  rod  has  its  greatest  effect  in  turning  the  crank  about  its 
axis  only  when  it  is  at  right  angles  to  the  arms  ;  and  in  every  other  position,  a  portion  of  its 
force  IB  spent  in  pulling  the  crank  away  from  the  axle.  When  the  connecting  rod  is  in  a 
straight  Ime  with  the  crank  (which  occurs  twice  in  every  revolution)  it  has  no  tendency  what- 
ever to  turn  the  crank  and  the  axle.  These  are  called  the  *'  dead  points  "  of  a  machine,  and 
were  it  not  for  the  momentum  acquired  by  the  heavy  parts  of  the  machine,  the  motion  would 
cease  at  these  points.  As  it  is,  the  motion  must  be  greatly  retarded  at  the  dead  points,  and 
correspondingly  increased  at  the  points  of  greatest  action,  if  no  other  method  of  equalising  the 
motion  were  available.  The  variations  of  speed  resulting  from  the  alternating  action  of  the 
piston-rod  are  brought  within  very  narrow  limits  by  the  use  of  the  fly-wheel.     (See  Fly-whetl.) 

CRATER.  (The  Cup.)  One  of  Ptolemy's  northern  constellations.  It  is  situated  near 
Corvus,  and,  like  that  constellation,  is  by  some  regarded  as  a  part  of  the  constellation  Hydra. 
The  star  Alpha  Crateris  has  greatly  decreased  in  magnitude  since  Bayer's  time. 

CREAM  OF  TARTAR.    See  Tartaric  Acid. 

CREATINE,  (jc/oeaf,  flesh.)  An  organic  base  obtained  from  the  juice  of  flesh.  In  the 
bydrated  condition  it  forms  clear  prismatic  crystals  of  the  formula  C4H9N3O2.  HgO,  which 
dissolve  in  14*6  parts  of  water  at  64  F.,  and  are  very  soluble  in  boiling  water.  Strong  adds 
convert  creatine  into  creatinine  by  abstraction  of  the  elements  of  water. 

CREATININE.  One  of  the  normal  constituents  of  urine.  Like  urea  it  is  supposed  to  be  a 
product  of  oxidation;  its  quantity  is  increased  by  animal  food.  (See  Crealin;  Animal 
^utriiimi.) 

CREOSOTE.  {Kpia%  flesh,  and  ctb^euf,  to  preserve.)  A  highly  antiseptic  liquid  of  a 
strong  penetrating  odour  and  burning  taste.  Specific  gravity  1*37.  Boiling  point,  203**  C. 
(397°  F.)  Formula,  CgHjoO].  Commercial  creosote  is  frequently  impure  carbolic  acid  from 
coal  tar,  but  true  creosote  is  a  distinct  body,  and  is  obtained  in  the  distillation  of  wood  by 
a  somewhat  complicated  process.  It  is  largely  used  as  an  antiseptic,  and  to  prevent  decom- 
position of  animal  matter,  and  it  is  to  this  substance  that  wood- vinegar  and  wood-smoke  owe 
their  preservative  properties. 

CRESYLIO  ALCOHOL.  An  oily  liquid  extracted  from  coal-tar,  homologous  with  phenylio 
alcohol  or  carbolic  acid.  Most  of  the  impure  liquid  carbolic  acid  of  commerce  really  consists  of 
cresylic  alcohol,  and  as  such  it  is  used  in  enormous  quantities  for  antiseptic  and  disinfecting 
purix)8e8.  Formula,  CyHgO.  It  is  a  colourless  strongly  refracting  liquid,  boiling  at  203**  C. 
(397^  F.).  slightly  soluble  in  water,  and  miscible  in  all  proper  proportions  with  alcohol  and  ether. 

CRITICAL  POINT  OF  TEMPERATURE.  See  Matter,  ContinuUy  of  Liquid  and  Gaseout 
Staffs  of. 

CROWBAR.  (So  called  from  the  end  of  the  bar  being  sharpened  like  a  crowds  beak.)  A 
straight  lever  of  the  first  kind  used  by  workmen  to  raise  heavy  weights,  stones,  &c.    The 
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fulcmm  18  the  stone  or  block  placed  at  a  short  distance  from  the  end  to  support  the  lever ;  the 
weight  is  the  stone  to  be  lifted,  and  is  placed  at  the  end  near  the  f alcrum ;  the  power  is  the 
nfUMin^l  force  applied  at  the  other  end  of  the  bar.  The  mechanical  advantage  of  the  crowbar 
depends  on  the  distance  between  the  hand  and  the  fulcrum  compared  with  the  distance  between 
the  weight  and  the  fulcrum.    {Bee  Lever.) 

CROWN  OF  CUPS  ;  or,  Couronne  de  Tastes.  A  simple  form  of  battery  invented  by  Volta. 
It  consists  of  a  series  of  plates  of  copper  and  zinc  placed  in  dilute  sulphuric  acid,  the  copper  of 
one  being  connected  with  the  zinc  of  the  next,  and  so  on.  The  cells  were  made  small  and 
arranged  in  a  circle,  so  that  the  extremities  of  the  chain  were  brought  near  to  each  other,  hence 
the  name.  On  connecting  the  first  copper  with  the  last  zinc,  by  means  of  a  wire,  a  current, 
according  to  our  conventional  language,  passes  from  the  copper  through  the  wire  to  the  zinc. 
The  apparatus  has  little  more  than  historical  interest,  better  forms  of  battery  having  been 
since  constructed ;  and  even  in  the  case  of  using  copper  and  zinc  elements  the  plates  and  cells 
are  made  very  much  laiger  than  those  of  Volta's  crown  of  cups. 

CROWN  WH££L.  The  teeth  of  the  crown  wheel  are  set  parallel  to  its  axis,  and  at  right 
angles  to  the  rim,  so  as  to  appear  on  the  crown  of  the  wheel ;  and  being  made  of  suitable  size 
they  work  readily  in  the  teeth  of  an  ordinary  spur  wheel,  having  its  axis  at  right  angles  to  that 
of  the  crown  wheeL  It  is  the  usual  method  adopted  in  clock-work  when  transformation  of 
motion  to  the  extent  of  90**  is  required.    (See  Hordogy;  BeveUed  Whed.) 

CRUX.  (Abbreviated  for  Crux  Australis,  the  Soulhem  Cross, )  A  southern  constellation 
devised  by  Royer.  Its  four  principal  stars  form  a  cross,  though  they  are  considerably  unequal 
in  magnitude.  The  upright  of  the  cross  points  to  the  southern  pole,  where,  howevOT,  there  is 
no  conspicuous  pole-star.  Within  the  constellation  Crux  is  the  singular  vacuity  in  the  Milky 
Way,  known  as  the  Coalsack.  This  vacuity  is  not  only  free  from  the  stars  forming  the  Milky 
Light  of  the  Galaxy,  bat  also  from  lucid  stars.  Within  its  range,  however,  many  telescopic 
stars  can  be  detected. 

CRYOPHORUS.  {Kp6ot,  ice,  and  ^pw,  to  bear.)  An  instrument  invented  by  Dr.  WoUas- 
ton  (see  Philosophical  TransacUons  for  181 3),  for  showing  the  cold  produced  by  evaporation.  It 
consists  of  two  glass  bulbs,  usually  14  to  2  inches  diameter,  united  by  a  tube  one  or  two  feet 
long,  bent  at  a  right  angle  at  each  end  for  two  or  three  inches  of  its  length.  One  of  the  bulbs 
is  half  filled  with  water,  which  is  boiled  until  all  the  air  has  been  expelled  from  the  instrument, 
through  a  small  hole  at  the  opposite  extremity,  which  is  then  hermetically  sealed.  We  have 
now,  therefore,  a  mass  of  water  in  a  vacuum  containing  aqueous  vapour  given  off  from  the 
water.  The  empty  bulb  is  placed  in  a  beaker  and  surrounded  by  a  freezing  mixture  of  ice  and 
salt,  which  condenses  the  aqueous  vapour  in  the  bulb  into  water,  and  fresh  vapour  is  supplied  by 
the  water  in  the  distant  bulb ;  ultimately  this  water  is  frozen.  The  instrument  for  this  reason 
has  received  the  name  of  ice-bearer^  or  carrier  of  cold.  We  know  that  heat  determines  the 
form  in  which  matter  exists  (see  Eaepansion)^  and  that  a  gas  is  a  liquid  plus  heat,  and  therefore 
requires  heat  for  its  production.  Now,  in  Uie  ciyophorus  we  have  a  certain  amount  of  aqueous 
vapour,  the  pressure  of  which  upon  the  water  in  the  distant  bulb  prevents  further  evaporation, 
in  fact  the  vacuum  is  saturated ;  but  when  the  vapour  is  condeiued  by  the  freezing  mixture, 
the  pressure  disappears  and  the  water  emits  its  vapour  into  the  resulting  vacuum,  and  thereby 
loses  heat,  since  the  water  requires  heat  before  it  can  become  vapour ;  when  this  vapour  is  con- 
densed a  further  quantity  is  supplied  by  the  water  which  is  still  more  chilled,  and  this  action 
continues  until  it  is  frozen  by  its  own  evaporation.    (See  also  Evaporatitm.) 

CRYSTALLINE  HUMOUR.  The  contents  of  the  cryataUine  lens  of  the  eye  is  called  the 
crystalline  humour.    (See  Eye.) 

CRYSTALLINE  LENS.  (jcpvoraXXot,  ice.)  The  lens  of  the  eye  containing  the  crystal- 
Hne  humour.     (See  Eye.) 

CRYSTALLISATION,  ACTION  OF  LIGHT  ON.  When  a  saline  solution  contained 
in  a  glass  dish  is  set  aside  to  dystallise,  the  crystals  form  first  on  the  side  nearest  to  or  most 
exposed  to  the  light.  So  also  camphor,  iodine,  napthalin,  chloride  of  carbon,  Sec,  which  form 
vapour  by  spontaneous  sublimation,  deposit  crystals  on  the  side  of  the  glass  most  exposed  to  the 
light.  Water  and  other  liquids  deposit  globules  of  moisture  genertJly  on  the  most  illumi- 
nated side  of  the  vessels  containing  them.  In  the  vacuum  of  a  barometer,  vapour  of  mercuxy 
similarly  condenses  on  the  side  most  exposed  to  light.  Hence  it  was  long  supposed  that  light 
exerted  some  subtle  action  in  promoting  crystallisation,  &c.,  until  Mr.  Tomlinson  showed  {PhiL 
Mag.,  Nov.  1862)  that  these  deposits  are  due  simply  to  differences  in  temperature.  The  side  of 
the  vessel  most  exposed  to  the  Ught  is  generally  tiie  coldest,  and  hence  it  was  natural  to  suppose 
that  light  and  not  heat  was  the  efficient  cause ;  but  Mr.  Tomlinson  showed  that  similar  cdlectB 
could  be  produced  in  the  dark,  provided  one  part  of  the  vessel  were  made  colder  than  the  other ; 
or  in  the  full  light  of  day,  and  even  in  sunshine,  when  the  apparatus  was  so  arranged  that  one 
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part  of  each  vessel  had  a  different  temperature  as  compared  with  another  part.  The  same  cause 
which  produces  dew  also  accounts  for  the  phenomena  in  question. 

CBYSTALLOGKAPUY.  Almost  all  solid  chemical  compounds  when  slowly  formed,  as- 
sume a  regular  shape,  bounded  by  plane  surfaces.  The  science  of  crystallography  treats  of  the 
laws  by  which  these  surfaces  are  disposed  one  to  the  other.  Ciystals  are  assumed  to  possess 
certain  axes,  and  the  form  is  determined  by  the  relation  which  the  plane  surfaces  bear  to  these 
axes.  Although  the  forms  in  which  bodies  crystallise  are  almost  infinitely  varied,  it  has  been  found 
that  they  may  be  classified  into  seven  crystallographic  systems.     These  are  biiefly  as  follows  :-- 

1.  The  regular  cubic  or  monometric  tystem. — These  crystals  are  symmetrical  about  three  rect- 
angular axes ;  the  simplest  forms  are  the  cube  and  regular  octahedron.  The  following  substances 
crystallifle  in  this  system — diamond,  most  metals,  chloride  of  sodium,  fluorspar,  alum. 

2.  The  quadrcUic  or  dimetric  gyttem. — These  crystals  are  sjrmmetrical  about  three  axes,  which 
are  rectangular,  but  only  two  of  equal  length,  the  third  being  different.  Amongst  the  sub- 
stances which  crystallise  in  this  system,  may  be  mentioned  sulphate  of  nickel,  tungstate  of  lead, 
and  double  chloride  of  potassium  and  copper. 

3.  HexagcnaL  or  rhombohedral  system. — In  this  system  the  crystals  possess  four  axes,  three 
being  equiU  in  length,  situated  in  one  plane,  and  inclined  60*^  to  one  another,  and  a  principal 
axis  at  light  angles  to  the  plane  of  the  former.  Amongst  crystals  of  this  system  may  be  men- 
tioned quartz,  beryl,  and  calcspar. 

4.  Bhomhic  or  trimetric  tystem. — ^These  crystals  have  three  rectangular  axes  all  of  different 
lengths.  Amongst  cmtals  of  this  form  may  be  mentioned  sulphate  of  potassium,  nitrate  of 
potassium,  sulphate  of  barium,  and  sulphate  of  magnesium. 

5.  Oblique  prismcUic  or  monodinic — These  have  two  axes  obliquely  inclined,  and  a  third  at 
right  angles  to  the  plane  of  these  two,  all  three  being  unequaL  Amongst  crystals  of  this  form 
jUAj  be  mentioned  ferrous  sulphate,  sugar,  gypsum,  and  tartaric  add. 

o.  JHcUnic  system. — In  this  there  are  two  axes  at  right  angles,  and  a  third  oblique  to  the 
plane  of  these  two,  the  primary  form  being  a  symmetrical  eight-sided  pyramid. 

7.  J)oubly-obltque  prismatic  or  tridinic. — ^In  this  system  the  three  axes  are  all  inclined 
obliquely,  and  of  unequal  length.  Amongst  crystals  of  this  form  may  be  mentioned  sulphate 
of  copper. 

Crystals  frequently  cleave  much  more  easily  in  one  direction  than  in  another ;  thus  mica  may 
be  divided  into  lanunsB  by  the  fingers ;  calcspar  breaks  up  into  rhombs  by  a  blow  with  the 
hammer,  and  galena  in  a  similar  manner  into  cubes.  The  diamond  is  frequently  divided  by 
placing  a  sharp  steel  edge  along  its  line  of  cleavage,  and  tapping  sharply  with  a  hammer. 
The  angles  of  crystals  are  measured  by  an  instrument  called  a  Goniometer,  which  see. 

CRYSTALLOID.     See  Dialysis. 

CRYSTALS,  COLOURED  RINGS  IN.  When  a  slice  of  a  double  refracting  crptal,  cut 
at  right  angles  to  its  optic  axis,  is  examined  in  the  polariscope,  a  system  of  coloured  rings  are 
observed,  surrounding  a  black  cross  in  one  position  of  the  analyser,  which  changes  to  a  white 
cross  in  another  position.  The  rings  are  circular  in  uni-axial  crystals,  and  more  or  less  ellipti- 
cal in  biaxial  crystals.     (See  Polariscope;  Pdarisaiion.) 

CRYSTALS,  DICHROIC.     See  JHchroic  CrystaU. 

CRYSTALS,  DOUBLE  REFRACTION  OF.  Many  crystals  possess  the  power  of  double 
refraction — ^that  is,  of  dividing  a  ray  of  common  light  into  its  two  component  rays  oppositely 
polarised.  These  two  rays  traverse  the  crystal  with  different  velocities  and  in  different  direc- 
tions. Crystals  of  Iceland  spar  or  calcspar  possess  this  property  in  a  very  high  degree,  and  are 
frequently  employed  in  optical  research.  (See  Polarisation  of  Light ;  Polarisation  by  Double 
Jlefraction.)  This  property  is  not  possessed  by  all  crystals ;  some  have  only  single  refraction, 
and  act  like  an  ordinary  transparent  medium. 

CRYSTALS,  OPTIC  AXES  OF.    See  Optic  Axes  of  Crystals, 

CUBIC  NITRE.     See  Nitrates,  Nitrate  of  Sodium, 

CULMINATION.  (Culm^ny  the  summit)  The  passage  of  a  heavenly  body  across  the 
celestial  meridian.  We  sometimes  meet  with  the  expression  meridional  culmination.  It  is, 
however,  incorrect,  as  the  culmination  of  a  heavenly  body  is  necessarily  meridional. 

CUMULUS.    (Aheap.)    A  form  of  cloud.    (See  CZoucf.) 

CUPELLATION.  A  method  of  separating  silver  or  gold  from  lead.  Owing  to  its  ea«y 
fusibility,  and  the  ready  way  in  which  it  unites  with  these  precious  metals,  lead  and  its  com- 
poimds  are  frequently  smelted  with  substances  containing  small  portions  of  gold  and  silver, 
when  the  reduced  lead  unites  with  and  carries  down  with  it  these  metals.  This  affords  a 
method  of  accumulating  all  the  gold  or  silver  into  a  button  of  lead,  and  the  cupellation  process 
is  then  adopted  to  effect  the  further  separation.  It  may  be  carried  out  on  a  very  large  scale. 
Ml  in  lead-works,  where  the  cupels  are  several  feet  in  diameter,  and  sometimes  contain  cakes 
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of  silver  weighing  many  thousand  ounces  ;  or  it  is  employed,  on  the  small  scale,  for  assay  pur- 
poses, in  which  case  the  cupels  are  from  i  to  2  inches  in  diameter,  and  the  resulting  bead  of 
silver  or  gold  sometimes  does  not  weigh  more  than  a  minute  fraction  of  a  grain.  In  either 
case,  however,  the  principle  is  the  same.  The  cupel,  as  the  vessel  is  termed  in  which  the  ope- 
ration is  effected,  is  a  very  thick  but  shallow  basin,  made  of  bone  ash,  beaten  up  with  water, 
and  dried.  This  forms  a  very  porous  absorbent  material,  which  sucks  up  melted  oxide  of  lead 
in  the  same  way  that  blotting  paper  will  suck  up  water,  whilst  it  has  no  absorbent  powers  for 
melted  metals.  The  cupel  is  heated  in  a  furnace  to  full  redness,  and  the  lead  is  put  in  it,  being 
protected  by  an  arched  clay  cover  from  the  action  of  the  smoke  or  furnace  gases,  whilst,  at  the 
same  time,  a  strong  ciurent  of  air  passes  over  its  surface.  The  heat  is  raised  to  such  an  extent 
that  the  lead  not  only  melts,  but  the  oxide  which  rapidly  forms  on  its  surface  likewise  melts, 
and  is  absorbed  by  the  body  of  the  cupel,  thus  constantly  exposing  a  clean  surface  to  the  action 
of  the  air.  The  metallic  button  rapidly  diminishes  in  size,  the  lead  being  absorbed  into  tJie 
cupel,  whilst  the  precious  metal  remains  unaffected,  until  ultimately  the  whole  of  the  lead  is 
removed,  and  nothing  is  left  but  a  button  of  pure  gold  or  silver.  On  the  large  scale,  and  some- 
times also  in  assay  operations,  an  absorbent  cupel  of  bone  ash  is  not  used,  but  what  is  termed  a 
scarifier  is  employed  instead.  This  is  a  non-absorbent  clay  vessel,  and  the  oxide  of  lead  as  it 
forms  is  allowed  to  accumulate,  until  it  runs  off  through  a  channel  at  one  side,  or  it  is  removed 
by  other  means. 

CURRENT,  ELECTRIC.  To  explain  what  is  meant  by  an  electric  current,  let  us  suppose 
a  wire  connected  with  the  ground  to  be  applied  to  the  prime  conductor  of  an  electric  machine 
while  it  is  being  worked.  The  prime  conductor  is  thus  discharged,  and  according  to  common 
phraseology,  the  electricity  passes  through  the  wire  to  the  ground.  This  passage  of  the  electri- 
city is  called  an  dectric  current ;  and  it  is  foimd  that  during  the  passage  of  the  electricity  the 
wire  acquires  certain  temporary  properties  which  are  said  to  be  due  to  the  electric  current. 
There  are  other  ways  of  producing  an  electric  current  besides  that  just  mentioned.  Thus,  if  a 
plate  of  zinc  and  a  plate  of  copper  be  partially  immersed  in  dilute  sulphuric  acid  without  touching 
each  other  or  any  conductor,  the  copper  will  be  found  positively  electrified,  and  the  zinc  will  be 
found  negatively  electrified,  and  on  connecting  them  by  means  of  a  wire,  discharge  or  passage  of 
electricity  through  the  wire  will  take  place,  and  will  be  kept  up  as  long  as  the  zinc  and  sulphuric 
acid  are  not  used  up  by  chemical  action.  The  wire  connecting  the  copper  and  zinc  is  found  to 
have  the  very  same  properties  as  the  wire  connecting  the  prime  conductor  and  the  ground.  We 
■ay  then  that  a  current  is  passing  through  it ;  and  by  convention  we  say  that  the  current  takes 
place  from  a  positive  place  to  a  negative ;  that  is,  in  this  instance,  from  the  copper  through  the 
connecting  wire  to  the  zinc.  We  can  only  refer  here  to  the  general  properties  of  an  electric 
current  and  to  the  sources  of  currents,  and  indicate  where  detailed  information  on  the  variooa 
points  may  be  found. 

The  most  important  property  which  an  electric  current  has,  is  perhaps  its  effect  upon  a 
magnetised  needle  suspended  in  its  vicinity,  since  it  is  generally  by  means  of  this  action  that 
the  existence  of  a  current  is  detected,  and  its  strength  measured.  When  a  magnetised  needle 
is  suspended  so  as  to  be  capable  of  turning  about  an  axis  perpendicular  to  its  length,  as  is  the 
case  with  a  conmion  compass  needle,  and  is  brought  near  to  a  wire  through  which  a  current  is 
passing,  the  needle  tends  to  turn  its  length  at  right  angles  to  the  direction  of  the  current.  If, 
then,  the  current  be  flowing  in  the  north  and  south  direction,  and  if  the  needle  is  suspended  so 
as  to  be  influenced  by  the  earth,  the  current  will  tend  to  turn  it  east  and  west,  the  earth  to  turn 
it  north  and  south,  and  the  position  of  equilibrium  will  depend  upon  the  power  of  the  current 
compared  with  the  directive  force  of  the  earth^s  magnetism.  It  is  upon  this  principle  that  the 
galvanomUer  or  current  measurer  is  founded.  Again,  if  there  be  two  wires  near  to  each  other, 
each  of  them  conducting  a  current,  and  one  or  both  able  to  turn  about  an  axis  at  right  angles 
to  the  direction  of  the  current,  the  wires  will  place  themselves  so  that  the  directions  of  the 
currents  are  parallel  to  each  other,  and  when  in  this  position  they  will  exert  upon  each  other  an 
attractive  force.  The  action  of  currents  upon  magnets  and  of  currents  on  currents  is  fully  dis- 
cussed under  EUctro-dynamici  and  Electro-wagnetisiA, 

The  properties  of  currents  with  respect  to  the  conductors  which  carry  them  are,  perhaps, 
next  in  importance.  As  is  explained  under  Conductor  and  EesiMtance,  there  are  very  marked 
differences  in  the  powers  which  various  substances  have  of  transmitting  a  current  proceeding 
from  a  given  source.  There  are  some  bodies  which  will  scarcely  permit  it  to  pass  at  all,  others 
which  permit  it  to  pass  very  freely,  and  between  these  extremes  substances  offering  every 
grade  of  resistance  great  and  small  to  the  passage  of  it.  Again,  in  the  same  substance  the  con- 
duction depends  very  much  upon  the  dimensions  of  the  conductor.  A  long  wire  offers  much 
more  reslitance  than  a  short  one,  and  a  thin  wire  much  more  than  a  thick  one.  The  effect  of 
the  resistance  of  the  conductor  is  to  diminish  the  strength  of  the  current ;  that  is,  the  quantity 
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of  electricity  which  passes  in  a  given  time.  Thus,  taking  the  same  battery  and  introducing 
wires  of  different  resisting  powers,  it  is  found  that  the  whole  action  is  diminished  in  proportion 
to  the  resistance  introduced  The  resisting  of  the  current  at  one  part  of  the  circuit  diminishes  it 
at  all  parts  ;  for  the  law  holds  that,  at  any  one  time,  the  same  quantity  of  electricity  is  passing 
through  every  section  of  the  circuit.  Eesistanoe  to  the  cnirent  gives  rise  to  heat  at  the  place 
where  the  resistance  takes  place.  Thus,  if  a  fine  platinum  wire  be  inserted  between  the  two 
poles  of  the  battery,  it  may  easily  be  heated  to  red  or  white  heat,  or  even  to  the  melting  tem- 
perature. The  amount  of  heat  developed  depends  upon  the  resistance  offered,  and  is  simply 
proportional  to  it.  It  is  also  proportional  to  the  square  of  the  strength  of  the  current.  Some 
farther  remarks  upon  this  point  will  be  found  under  EUdricUyy  Corrdaiion  of;  Current,  Heating 
EffeeU  of. 

We  now  turn  to  the  chemical  effects  of  the  electric  current,  mentioning  merely  the  general 
laws,  and  reserving  the  full  discussion  of  the  subject  for  our  article  on  EUctrclytU.  When  a 
current  is  passed  through  a  conducting  liquid  containing  a  salt,  it  in  general  decomposes  the 
salt,  breaking  it  up  into  two  portions,  one  of  which  goes  to  the  place  at  which  the  current 
enters  the  liquid,  the  other  to  that  at  which  it  leaves  it.  The  metal  of  the  salt,  or  what  corre- 
sponds to  it,  goes  to  the  latter  ;  the  halogen,  or  what  corresponds  to  it,  goes  to  the  other.  Thus 
iodide  of  potassium  breaks  up  into  potassium  and  iodine,  the  potassium  goes  to  the  side  which 
is  connected  with  the  zinc  end  of  the  pile  or  battery,  the  iodine  to  that  which  is  connected  with 
the  copper  end.  The  amount  of  decomposition  which  takes  place  in  a  given  time,  is  propor- 
tional to  the  strength  of  the  current ;  and,  if  there  be  several  liquids  in  the  same  circuit,  each 
having  a  different  salt  to  be  decomposed,  the  quantities  decomposed  in  each,  during  the  same 
time,  are  proportional  to  the  atomic  weights  of  the  elements  of  which  the  salts  are  composed. 
Thus  if  there  be  two  cells,  one  containing  solution  of  iodide  of  potassium,  and  the  other  solution 
of  common  salt  (chloride  of  sodium),  for  eveiy  127  parts  of  iodine  set  free,  there  will  be  35*5 
of  chlorine ;  and,  at  the  same  time,  39*1  parts  of  potassium,  and  23  parts  of  sodium.  These 
numbers  are  the  atomic  weights  of  the  respective  elements. 

Lastly,  we  mention  the  physiological  effects  of  the  electric  current.  It  was  by  means  of 
these  that  current  electricity  was  d^covered  by  Galvani.  While  using  the  lower  limbs  of  a 
newly  killed  frog  as  a  veiy  delicate  kind  of  electroscope,  he  was  startled  to  find  that  the  contact 
of  a  compound  bar  of  copper  and  iron  produced  a  violent  convulsion  or  contraction  of  the 
muscles,  when  the  copper  and  iron  ends  of  the  bar  were  made  to  touch  two  separate  portions  of 
the  body  at  the  same  time.  (See  Oalvanum,)  There  is  nothing  so  delicate  as  the  limbs  of  a 
frog  for  detecting  this  action,  but  with  a  few  cells  of  a  batteiy,  a  contraction  of  the  muscles  and 
Bhock  is  easily  felt  on  opening  and  closing  the  circuit.  If  a  copper  and  zinc  plate  be  put  one 
above  the  tongue  and  the  other  below,  and  made  to  touch  each  other,  a  peculiar  taste  or  sensa- 
tion in  the  tongue  is  felt  which  is  due  to  the  passage  of  electricity.  This  sensation  is  extremely 
delicate.  A  battery  quite  imable  to  give  a  telegraphic  signal,  with  an  ordinary  instrument, 
may  readily  be  made  to  give  the  deetric  taste.  If  plates  of  platinum,  coming  one  from  each 
end  of  a  battery,  are  placed  between  the  gums  and  the  cheeks,  on  completing  or  on  break- 
ing the  circuit,  a  flash  of  light  is  seen  before  the  eyes  ;  and  if  the  wires  coming  from  the  ends 
of  a  battery  of  30  cells  are  inserted  in  the  ears,  a  peculiar  continuous  sound  is  heard.  (See 
EUetriciiy^  Phynological  Effects;  Electricity ,  Animal,  dL-c.) 

The  most  important  source  of  the  electric  current  is  chemical  action.  As  has  been  already 
mentioned,  a  current  ia  produced  when  a  plate  of  zinc  and  a  plate  of  copper  are  immersed  in 
dilute  sulphuric  acid,  and  connected  outside  the  liquid  by  means  of  a  wire  or  other  conductor ; 
and  we  have  defined  the  direction  of  the  current  to  be  from  the  copper  through  the  wire  to  the 
zinc.  There  are  many  other  forms  of  cell  in  which  chemical  action  is  made  use  of  as  the  sus- 
tainer  of  the  current,  and  these  are  described  under  Battery^  Galvanie,  and  under  their  several 
names.    (See  Battery ^  Oalvanic.) 

Heat  is  another  source  of  the  electric  current.  When  two  bars  of  different  metals  are  joined 
together  at  the  ends  so  as  to  form  one  compound  circuit,  then  if  one  of  the  junctions  be  kept  at 
a  higher  temperature  than  the  other,  a  current  will  pass  in  the  circuit  in  a  direction  depending 
upon  the  nature  of  the  metals,  but  perfectly  definite  when  the  two  metals  are  known.  (See 
Tkermo-Electricity  and  Thermopile.) 

The  last  source  of  the  electric  current  is  induction,  which,  however,  must  be  carefully  distin- 
guished from  statical  induction,  as  a  source  of  electric  excitement.  When  a  wire,  through  which 
a  current  is  passing,  is  brought  near  to  a  second  wire  which  is  formed  into  a  closed  circuit  by 
joining  its  ends  together,  a  temporary  current  is  produced  in  the  latter ;  and,  on  again  carrying 
it  away,  a  temporary  current  is  produced  in  the  opposite  direction  ;  or  if  we  place  in  the 
vicinity  of  a  wire  forming  a  closed  circuit,  another  wire  which  can  be  suddenly  connected  with 
and  disconnected  from  a  battery,  a  current  in  one  direction  is  induced  in  the  closed  wire  each 
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time  the  oonnection  is  made  with  the  battery,  and  a  current  in  the  opposite  direction  each  time 
it  is  broken.  Again,  when  a  magnet  is  brought  near  to  a  closed  wire  or  carried  away  from  it, 
a  current  is  produced.  If,  for  example,  a  magnet  be  suddenly  dropped  into  the  middle  of  a  coil 
of  wire,  a  temporary  current  circulates  the  coil,  and  if  the  magnet  be  suddenly  withdrawn,  a 
current  passes  through  the  coil  in  the  opposite  direction.  The  subject  of  induced  currents  is 
treated  of  under  Induction,  Electro-dynamic,  They  are  of  great  importance  to  us  ;  for  though 
they  are,  as  we  have  mentioned,  only  temporary,  they  can  be  made  use  of  by  means  of  proper 
arrangements  for  producing  them  ;  and  they  possess  the  properties  of  having  a  high  power  for 
overcoming  resistance  togetiier  with  very  considerable  quantity.  (See  Induction^  JSUctro-dynOf 
mic  ;  Induction  CoU ;  Current,  Induced.) 

CURRENT,  EXTRA.  It  is  explained  under  Current,  Electric,  that  a  current  suddenly 
generated  or  stopped  in  a  wire  connected  with  a  battery  induces  a  temporary  current  in  another 
wire  placed  near  to  it.  But  this  action  is  even  more  extensive  ;  for  the  current  passing  in  a 
wire  acts  inductively  upon  the  wire  which  transmits  it ;  and  at  the  moment  when  it  be^s  to 
pass,  and  at  the  moment  when  it  ceases,  produces  currents,  the  first  inverse,  the  second  direct. 
These  are  called  extra  currents.  The  effect  of  the  first,  which  is  produced  at  the  instant  of 
making  coimection  with  the  battery,  is  simply  to  retard  the  primary  current  and  to  prevent  its 
instantaneous  transmission  through  tho  wire ;  the  second,  occurring  at  the  cessation  of  the 
primary  coitent,  lengthens  out  its  existence,  and  that  with  increased  power.  The  properties  of 
the  extra  cuzrents  are  similar  to  those  of  ordinary  induced  currents ;  they  possess  considerable 
quantity  combined  with  high  power  of  overcoming  resistance,  and  thus  exhibit  at  the  same  time 
calorific,  chemical,  and  violent  physiological  effects.  To  examine  them  it  is  necessary  to  avoid 
the  effect  of  primaiy  current  upon  the  instruments  for  measuring.  Edlund,  who  has  investi- 
gated the  question,  has  given  the  following  laws  regarding  them  : — 

The  extra  cwrrentt  obtained  on  opening  and  on  cloBinff  the  eircuU  have  the  aame  dectromctive 
force. 

The  dedromotive  force  of  the  extra  etirrent  is  proportional  to  the  strength  of  the  primary  current. 
CURRENT,  HEATING  EFFECTS  OF.  The  laws  of  the  production  of  heat  by  the 
electric  current  have  been  investigated  by  Joule  in  connection  vrith  his  determination  of  the 
d.ynamical  equivalent  of  heat.  The  paseage  of  an  electric  current  gives  rise  to  a  certain  amount 
of  heat,  which  may  be  produced  within  the  pile  or  cell  itself,  in  the  interpolar  wire,  or  in  both. 
The  f oUowtng  are  the  laws  according  to  which  the  heat  is  generated : — 

(l.)  The  total  quantity  of  heat  produced  in  the  cell  and  in  the  wire  in  a  given  time  is  pro- 
portional to  the  electromotive  force,  and  to  the  quantity  of  electricity  which  has  passed  in  the 
circuit  in  that  time ;  or,  in  other  words,  it  depends  on  the  construction  of  the  cell,  since  the 
electromotive  force  depends  on  that,  and  on  the  amount  of  chemical  action  (excluding,  of  course, 
local  action  on  the  plates)  which  has  gone  on  within  it,  since  the  quantity  of  electricity' 
depends  upon  that. 

(2.)  This  heat  is  distributed  between  the  interior  of  the  cell  and  the  interpolar  wire  in  mmple 
proportion  to  the  resistance  in  each. 

Another  way  of  stating  the  same  laws  is  that  the  heat  generated  in  any  part  of  the  circuit, 
suppose  in  the  interpolar  wire,  is  proportional  to  the  resistance  of  it  and  to  the  square  of  the 
strength  of  the  current.  It  appears  from  this  that  by  increasing  the  strength  of  the  current 
or  the  resistance  of  the  wire  any  temperature  may  be  obtained ;  and,  in  fact,  it  is  easy,  by  using 
a  fine  wire  so  as  to  give  great  resistance,  and  a  sufficiently  powerful  battexy  to  produce  a  con- 
siderable current  through  it,  to  obtain  a  heat  so  intense  as  to  fuse  the  wire  however  refractoiy. 
The  heat  of  the  current  has  been  employed  together  with  that  of  the  sun*s  rays,  to  melt  very 
infusible  minerals,  and  even  the  diamond  and  plumbago  have  yielded  to  its  power. 

CURRENT,  INDUCED.  As  has  been  stated  under  Current,  Electric,  the  production  or 
stoppage  of  a  current  in  the  vicinity  of  a  wire  formed  into  a  closed  circuit  gives  rise  to  a  tem- 
porary current  in  it.  The  current  thus  produced  is  called  an  induced  current,  and  the 
phenomenon  is  spoken  of  as  current  induction.  Suppose  that  we  have  two  wires,  one  of  them 
formed  into  a  closed  circuit,  including  a  galvanometer  in  it,  and  the  other  arranged  in  con- 
nection with  a  battery  and  key  so  that  a  current  may  be  sent  through  it  and  stopped  at 
pleasure,  and  let  portions  of  the  two  wires  be  laid  parallel  and  near  to  each  other.  Then  on 
suddenly  making  connection  with  the  battery  and  thus  sending  the  current  through  the  wire 
joined  to  it  the  galvanometer  will  be  affected,  showing  that  a  current  has  traversed  the  other 
wire.  But  the  needle  soon  falls  back  to  its  place,  the  current  being  only  momentary  ;  now  on 
again  breaking  connection  with  the  battery  and  thus  stopping  the  current  in  the  first  wire,  a 
temporary  deflection  of  the  galvanometer  will  again  occur,  and  in  the  opposite  direction  to  that 
which  took  place  before,  showing  that  a  second  transient  current  has  been  produced,  and  con- 
trary in  direction  to  the  first.    Also  on  comparing  the  direction  of  the  primary  current^  as  that 
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irom  the  battery  is  called,  with  that  of  the  secondary  or  induced  current  in  the  parts  of  the  wire 
that  are  parallel,  it  ia  fotmd  that  the  direction  of  the  induced  current  obtained  on  making  con- 
nection with  the  battery  is  opposite  to  that  of  the  primary  current,  that  of  the  induced  current 
obtained  on  breaking  connection  with  the  battery  is  the  same  as  that  of  the  primary  current. 
The  first  is  called  the  inverse  current,  the  second  the  di't'cct  current. 

A  more  powerful  arrangement  for  exhibiting  the  effects  of  current  induction  is  constructed 
by  using  wires  insulated  by  covering  with  silk  or  cotton,  and  winding  the  primary  and  secondary 
wires  side  by  side  into  a  coil,  or  by  winding  them  into  two  separate  coils,  and  putting  one 
inside  the  other.  In  that  case  eveiy  turn  of  the  primary  wire  acts  on  every  turn  of  the 
secondary  wire,  and  the  effect  is  much  heightened. 

Induction  also  takes  place  between  two  wires,  one  of  wliich  is  transmitting  a  current  when 
the  distance  between  them  is  altered.  Thus  if  the  primary  wire  be  brought  nearer  to  the 
secondary  wire,  an  inverse  current  takes  place,  if  it  be  removed  a  direct  current.  Again,  if  a 
permanent  magnet  be  brought  near  to  or  removed  from,  a  coil  connected,  as  described  above, 
"With  a  galvanometer,  a  direct  and  an  inverse  current  are  produced,  the  words  direct  and  inverse 
being  applied  by  looking  on  the  magnet  as  a  solenoid,  whose  cuirents  pass  according  to  the 
hypothesis  of  Ampere' a  theory  (q.v. ) 

The  laws  of  the  effect  produced  upon  a  secondary  wire  by  the  change  of  jKMntion  of  the 
primary  wire,  or  of  a  magnet,  are  summed  up  in  what  is  commonly  known  (from  the  name  of 
the  propounder)  as  Lenz's  law.  The  current  produced  in  the  seamdary  coU  by  the  approach  or 
remotBol  of  the  primary ,  or  of  a  permanent  magnet^  is  such  with  regard  to  direction  as  foould  oppose 
that  motion,  according  to  the  laws  of  dectro-dynamics,    (Vide  Electrodynamics.) 

The  following  are  the  laws  of  current  induction  with  reference  to  strength,  tension,  and 
electromotive  force : — 

The  strength  of  either  induced  curt^t  is  proportional  to  that  of  the  primary  current,  and  to 
the  product  of  the  lengths  of  the  prinuoy  and  secondary  wires.  The  quantities  of  electricity 
transmitted  by  the  direct  and  inverse  currents  are  the  same. 

The  dectromoiive  force,  or  power  of  overcoming  xesistanoe,  is  greater  in  the  case  of  the 
direct  current  than  in  that  of  the  inverse. 

Upon  the  induction  due  to  currents  a  great  number  of  most  useful  and  important  instruments 
depend  for  their  action :  and  these  will  be  found  described  in  their  proper  places.  For  example, 
induced  currents  have  entirely  token  the  places  of  static  discharges  for  medical  purposes ;  they 
are  beiug  used  more  and  more  for  illumination  in  light>house8  and  similar  places  ;  while  for  the 
performance  of  certain  optical  experiments  they  are  indispensable.    (See  Rhumlcorff*s  CoiL) 

The  inductive  action  does  not  stop  here.  The  induced  currents  are  themselves  able^  as 
Uenzy  has  shown,  to  produce  new  induced  currents  which  are  termed  induced  currents  of  the 
secoTui  order;  and  these  again  to  produce  induced  currents  of  the  third  order.  These  may  be 
shown  by  using  a  series  of  concentric  bobbins ;  and  their  laws  have  been  investigated  by  Henry 
and  AlnJa.  ^ey  are  alternately  in  opposite  directions.  Thus,  on  dosing  the  primary  circuit, 
which  IB  always  considered  direct,  the  induced  current  of  the 

Pirst  order  is  Inverse ; 
Second  order  ia  Direct ; 
Third  order  is  Inverse ; 
and  so  on.    On  opening  the  primary  circuit,  the  direction  of  the  induced  cmrent  of  the 

First  order  is  Direct ; 
Second  order  is  Inverse ; 
and  so  on.    In  each  of  the  orders  the  strength  of  current,  direct  or  inverse,  is  the  same ;  and  the 
electromotive  force  of  the  direct  current  much  greater  than  that  of  the  inverse :  and  in  the 
currents  of  the  successive  orders,  compared  with  each  other,  the  electromotive  force  decreases 
as  the  number  of  the  order  increases. 

CURRENT,  STRENGTH  OF.  The  strength  of  a  current  is  proportional  to  the  quantity 
of  electricity  conveyed  by  it  in  unit  time.  (See  Units,  Electrical.)  According  to  the  laws  of 
electro-chemioed  decomposition,  the  amount  of  decomposition  is  proportional  to  the  strength  of 
the  cuxrent.  It  is  upon  tlds  principle  that  Faraday's  Voltameter  is  oonstructed.  The  current 
to  be  measured  is  applied  to  decompose  water,  and  the  amount  of  gas  given  off  is  collected  and 
measured.  The  strength  of  the  current  is  thus  proportional  to  the  amount  of  gas  produced 
in  a  given  time,  and  unit  strength  might  be  defined  to  be  such  that  a  current  of  unit  strength 
would  produce  one  cubic  inch  of  gas  per  minute.  We  cannot,  however,  make  use  of  this 
method  to  measure  the  current  which  a  given  cell  or  battery  can  produce  ;  for  the  introduction 
into  the  circuit  of  such  h^h  resistance  as  that  of  a  decomposing  cell,  very  much  decreases  the 
current  actually  transmitted  by  the  cell  or  battery.  But  by  making  use  of  a  galvanometer  in 
connection  wiUi  the  voltameter,  this  measurement  may  be  accomplished.    If  the  current  be 
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passed  through  a  tangent  galvanometer  (see  Gcdvanometcr),  the  strength  of  the  current  is  pro- 
portional to  the  tangent  of  the  angle  through  which  the  needle  is  deflected.  By  including, 
therefore,  a  voltameter  and  a  tangent  galvanometer  in  one  circuit,  and  noticing  the  quantity  of 
gas  given  off  in  a  certain  time,  while  the  galvanometer  indication  is  also  noted,  the  relation  of 
the  former  to  the  latter  may  be  once  for  all  determined,  and  the  strength  of  any  current 
thenceforward  determined  by  a  simple  calculation  from  the  deflection  of  the  galvanometer. 

CURRENT,  PARTIAL.     See  Derived  CurrenU. 

CURRENT,  PRINCIPAL.    See  Derived  Currents. 

CURRENT,  THERMAL.    See  Tkcrmo-Ourrent ;  Thermo-Eleetrictty.  • 

CURRENTS  OF  THE  SEA,  THE  EFFECT  OF,  ON  CLIMATE.    See  aimate. 

CURSA.     (Arabic.)    The  star  /3  of  the  constellation  Eridanus. 

CURVE  OF  SPACES.  In  kinematics  the  curve  whose  ordinates  are  proportional  to  the 
spaces  passed  over  by  a  moving  body  in  times  proportional  to  the  abscisssB.  If  points  be  taken 
on  a  straight  line  at  distances  proportional  to  the  times  of  observation,  and  liioes  be  drawn  at 
these  points  perpendicular  to  the  flrst  line,  and  proportional  to  the  spaces  described  by  the  body 
from  some  fixed  point,  the  curve  joining  the  extremities  of  these  lines  is  the  curve  of  spaces. 
The  chief  properties  of  the  curve  uf  spaces  are  as  follows  : — 

The  points  in  which  the  curve  cuts  the  axis  of  time  represents  intervals  in  which  the  particle 
returns  to  its  initial  position.  A  point  of  inflection  marks  a  sudden  change  of  direction.  The 
velocity  at  any  point  will  be  found  by  drawing  a  tangent  to  the  curve  at  that  point,  and  then 
drawing  two  ordinates  to  meet  it,  whose  distance  represents  one  unit  of  time  ;  the  difference  of 
these  ordinates  Ib  the  velocity.  Points  at  which  the  tangents  are  parallel  to  the  axis  of  time 
mark  instants  during  which  the  velocity  is  zero,  or,  in  other  words,  the  particle  stands  still  in 
its  path  for  an  indefinitely  small  interval  of  time. 

CURVE  OF  VELOCITIES.  In  kinematics,  a  curve  whose  ordinates  are  proportional  to 
the  velocities  of  a  moving  particle,  and  whose  abscissss  are  proportional  to  the  intervals  of  time 
at  which  the  velocities  are  taken.  If  points  be  taken  on  a  straight  line  at  distances  proportional 
to  the  intervals  between  the  times  of  observation,  and  lines  be  drawn  at  these  points  perpendi- 
cular to  the  first  line  or  axis  of  time,  and  proportional  to  the  velocities  of  the  particle  at  the 
instants  represented  by  the  points,  then  the  curve  joining  the  extremities  of  these  lines  is  the 
curve  of  velocities.  This  name  was  given  to  the  curve  by  Newton.  Its  chief  properties  are 
as  follows . — 

The  negative  values  of  the  velocity  are  represented  by  negative  ordinates,  and  therefore  these 
represent  retrograde  motion.  The  area  of  the  curve  of  velocities  represents  the  whole  space 
passed  over  by  the  particle  in  the  time  represented  by  the  portion  of  the  axis  between  the  ex- 
treme ordinates.  At  points  indicated  by  a  change  of  inflection,  the  velocity  has  a  maximum  or 
minimum  value. 

CURVES,  MAGNETIC.  The  lines  into  which  iron  filings  arrange  themselves,  under  the 
influence  of  a  magnet,  are  called  the  magnetic  curves.  To  produce  them  a  sheet  of  white  paper, 
stretched  on  a  frame,  is  placed  over  the  magnet  or  magnetis,  or  any  masses  of  magnetic  matter 
laid  on  a  horizontal  table.  Fine  iron  filings  are  then  lightly  scattered  over  the  paper,  and 
with  the  aid  of  gentle  tapping,  can  be  made  to  distribute  themselves  in  lines,  the  form  of  which 
depends  upon  the  nature  and  shape  of  the  magnet  or  magnets  made  use  of.  These  lines  are  the 
magnetic  curves.  In  the  case  of  an  evenly  magnetised  straight  bar,  they  start  from  one  pole  and 
curve  round  in  the  shape  of  an  oval,  to  meet  the  centres  of  the  magnets  at  points  near  the  other 
pole,  corresponding  to  those  from  which  they  take  their  rise.  By  arranging  masses  of  magnetic 
matter  in  the  magnetic  field,  or  by  bringing  near  to  each  other  like  and  unlike  poles  of  various 
sizes  and  strength,  very  curious  and  beautifid  forms  of  curves  are  obtained,  which  it  is  quite 
impossible  to  describe.  The  lines  thus  traced  out  have  a  very  great  interest,  since  they  are  the 
lines  of  magnetic  force  due  to  the  particular  arrangement  of  magnetic  matter  used.  The  reader 
may  also  consult  Lines  of  Force  and  Field  of  Force  for  some  fiirther  information  on  this  subject. 

CYANOGEN,  {icvayos,  blue  ;  and  yttvaw  to  produce.)  A  gaseous  compound  of  carbon  and 
nitrogen  of  the  formula  C  N.  It  is  a  colourless,  very  heavy  gas  of  a  peculiar  suffocating  odomr ; 
density,  I '806.  At  a  pressure  of  about  four  atmospheres,  or  at  a  temperattire  of  about 
— 40°C.  (— 40'*F.)  at  the  ordinary  pressure,  it  liquifies,  and  at  a  little  lower  temperature  it 
freezes  to  a  cxystallino  mass.  Gaseous  cyanogen  is  very  inflammable,  burning  with  a  peach- 
blossom  coloured  flame,  producing  carbonic  add  and  nitrogen.  It  dissolves  lightly  in  water, 
alcohol,  and  ether,  and  is  absorbed  bv  alkaline  solutions.  In  its  chemical  characters  cyanogen 
closely  resembles  an  element  of  the  chlorine  group,  and  on  this  account  it  is  generally  designated 
by  the  symbol  Cy.  It  unites  directly  with  metals,  forming  cyanides  which  are  analogous  to 
chlorides,  &c. ;  it  also  forms  a  hydrogen  compound.  Hydrocyanic  Acid  {which  see),  and  an 
oxygen  compound,  Cyanic  Acid  (CNHO).  The  following  compounds  of  cyanogen  may  also  be 
mentioned : — 
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Cyanide  of  Potcusium,  (KCN  or  KCy.)  In  the  pure  state  this  fonuB  transparent  cubical 
crystals  which  deliquesce  and  decompose  on  exposure  to  air,  exhaling  the  odour  of  prussic  acid 
at  a  dull  red  heat ;  it  melts  to  a  transparent  liquid,  solidifying  to  an  opaque  porcelain-like  mass. 
Commercial  cyanide  of  potassium  is  a  mixture  of  cyanide  and  cyanate  of  potassium.  Cyanide 
of  potassium  is  a  powerful  reducing  agent,  especially  at  a  red  heat,  and  is  largely  used  in  ana- 
lytical chemistry,  and  in  manufactures.  The  solution  possesses  the  valuable  property  of  dis- 
Bolving  many  insoluble  salts  of  silver  and  gold,  and  retaining  the  metal  ia  a  form  in  which  it  is 
easily  precipitated  in  the  metallic  state  by  g^alvanic  action.  It  is  therefore  of  great  use  for 
electro-plating  and  gilding.  Cyanide  of  potassium,  added  to  solutions  of  heavy  metals,  precipi> 
t&te  insoluble  cyanides  of  these  metaU.  When  more  cyanide  of  potassium  is  added,  the 
insoluble  cyanide  is  dissolved,  and  in  some  cases  (for  instance,  with  iren,  cobalt,  &c.)  a  new  salt 
ia  formed,  containing  a  compound  metallo-cyanogen  radical,  united  with  potassium ;  thus,  in  the 
case  of  iron,  ftrroqfanide  of  potassium  is  formed  :  and  with  cobalt,  cobaUicyanide  of  potassium. 
In  other  cases,  however,  no  such  double  salt  is  formed ;  thus  with  nickel,  there  is  simply  obtained 
a  solution  of  cyanide  of  nickel  in  cyanide  of  potassium.  Some  ferrocyanogen  compoimds  are  of 
importance.     (See  Ferroq/anide  of  Potassium,  Prussian  Blue.) 

CYANOMETEIL  (jcv(£y6s,  a  blue  substance ;  and  /jilrpop,  measure.)  An  instrument  devised 
by  Saussure  for  measuring  the  depth  of  the  sky's  blue  tint.  It  consists  simply  of  a  circular 
card,  radially  divided  into  fifty-one  parts,  each  of  which  is  coloured  to  a  different  tint  of  blue. 
The  card  is  held  between  the  observer  and  the  sky,  and  the  tint  on  the  card  which  corresponds 
most  closely  with  the  colour  of  the  sky  is  noted  and  recorded  by  its  number. 

CYCLE.    (jci^icXot,  a  circle.)    The  penod  within  which  a  series  of  celestial  phenomena  recurs. 

It  has  been  justly  remarked  that  no  celestial  phenomenon  ever  recurs  identically  ;  and  far 
less  will  any  series  of  phenomena  be  repeated  a  second  time  precisely  as  at  its  first  occurrence. 
Nevertheless  certain  marked  phenomena  are  repeated  to  idl  intents  and  purposes  in  a  cyclic 
manner,  and  the  object  with  which  the  so-called  cycles  of  chronology  and  astronomy  have  been 
formed  has  been  to  bring  the  recurrence  of  different  sets  of  phenomena  into  association  one  with 
another,  by  selecting  time-intervals  which  include  a  definite  number  of  recurrences  of  each  set, 
without  any  important  fractional  remainder.  The  following  are  the  principal  chronological  and 
astronomical  cycles. 

The  Solar  Cycle.  This  is  a  period  of  twenty-eight  years.  Within  each  such  period  the  first 
day  of  the  year  passes  successively  through  the  same  sequence  of  week-days.  If  every  year 
consisted  of  365  days,  the  successive  new-year  days  would  be  the  successive  days  of  the  week. 
But  after  a  leap-year  one  day  is  missed.  Supposing  a  series  of  years  to  begin  with  the  days 
Monday,  Tuesday,  Wednesday,  and  Friday  (Thursday  being  the  day  missed),  the  next  set  of 
four  years  woiild  end  with  the  omission  of  Monday,  the  next  with  the  omission  of  Friday,  the 
next  with  the  omission  of  Tuesday,  and  so  to  Saturday,  Wednesday,  Sunday,  and  then  to 
Thursday  again.  In  other  words  there  would  be  seven  sets,  of  four  years  each,  before  the 
series  would  be  completed,  or  twenty-eight  years  in  aU.  With  the  Julian  calendar  there  was  no 
change  in  the  solar  cycles  (See  BissextUe;  Calendar).  But  with  the  Gregorian  Calendar  there  is 
always  a  break  in  passing  from  one  centuzy  to  another,  except  when  the  new  century  belongs 
to  the  series  1600,  2000,  2400,  &c. 

Cyde  of  Indidion.  A  period  having  reference  to  an  edict  issued  by  the  Roman  emperors 
every  15  years.  It  is  therefore  quite  arbitrary ;  but  as  it  is  often  referred  to  in  old  chronicles 
it  is  necessary  to  state  the  rule  for  determining  the  position  of  every  year  in  the  cyde  of  indio- 
tion.  This  rule  runs  thus  : — Add  3  to  the  number  of  the  year  and  divide  by  15,  the  remainder 
is  the  number  of  the  year  in  the  cycle  of  indiction.    Thus  for  the  year  1870,  we  have 

^^^  =  124  +  ^( ;  therefore  1870  is  the  thirteenth  year  of  a  cyde  of  indiction.  The  cycle 
is  supposed  to  diate  from  the  year  312 ;  so  that  we  may  detennine  both  the  year  of  the 
cycle,  and  the  number  of  past  cydes,  by  subtracting  312  from  the  number  of  the  year  and 
dividing  by  15  as  before.  Thus  we  have  "^J*"  =^  =  103  +  J  J.  Therefore,  103  cydes  of 
indiction  Imve  passed,  and  the  year  1870  is  the  13th  of  the  104th  cyde. 

The  MeUmic  Cyde.  This  is  a  cycle  intended  to  associate  the  lunation  with  the  year.  It  was 
in  reality  invented  by  the  Chinese  (or  was  at  least  in  use  among  them)  long  before  Meton's  time 
(about  432  B.O.).  The  period  of  a  lunation  is  not  contained  an  exact  numlMr  of  times  in  a  year ; 
but  in  19  years  there  are  almost  exactly  235  lunations.  The  actual  difference  is  but  X)o  of  a 
day,  if  the  Julian  year  of  3654  days  be  considered,  since  235  lunations  contain  6939*69  days^ 
while  19  Julian  years  contain  693675  days.  Now,  *o6  of  a  day  in  19  yean  corresponds  to  i  day  in 
about  317  years.  Thus,  after  19  years  the  lunations  would  repeat  themsdves (always,  however, 
with  reference  to  the  year  of  365^  days,  and,  therefore,  with  a  possible  error  of  i  day  in  date) 
for  about  317  years.  The  Gregorian  calendar  introduces  other  discrepandes.  But  the  Metonio 
cycle  is  st^  dealt  with  in  our  almanacs,  the  ''golden  number"  (used  in  finding  Easter)  being 
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calculated  with  reference  to  it.  The  Metonic  cycle  has  a  relation  also  to  lunar  eclipsety  which 
depend  on  the  nodical  month.  For  235  lunations  are  equal  in  length  to  255*021  nodical  months, 
BO  that  at  the  commencement  of  each  Metonic  cycle  the  moon  is  not  only  in  the  same  position 
with  reference  to  the  sun,  but  also  nearly  in  the  same  position  with  reference  to  the  nodes  of 
her  orbit.  The  interval  '021  of  a  nodical  month,  is  however,  too  important  for  the  Metonic 
cycle  to  be  of  much  use  as  a  cycle  of  eclipeee. 

The  Calippic  Cycle.  This  cycle  was  invented  by  Galippus,  who  flonrished  about  a  centoiy 
after  Meton.  He  endeavoured  so  to  improve  the  Metonic  cycle  as  to  obtain  a  readier  means  of 
representing  the  recurrence  of  eclipses.  To  effect  this  he  deducted  one  day  from  four  Metonic 
cycles,  thus  obtaining  a  period  of  very  nearly  940  lunations,  IQ20  nodical  months,  and  1016 
sidereal  months.  The  GiJippic  cycle  was  not  exact  enough  to  be  of  much  more  use  than  the 
Metonic,  so  far  as  eclipses  were  concerned,  and  was  for  other  pmrposes  altogether  inferior  to  the 
cjde. 

T/ie  Saros  or  Chaldean  Cycle,  This  cycle  was  a  singularly  successful  attempt  to  master  the 
difficulty  of  predicting  the  recurrence  of  eclipses.  It  consisted  of  223  lunations.  It  thus  fell 
short  of  242  nodical  months  by  about  39  minutes,  and  of  239  anomalistic  months  by  ratiier  leas 
than  5  hours.  It  exceeded  241  sidereal  months  by  less  than  a  day.  Thus  in  each  successive 
saros  eclipses  vexy  nearly  recur,  take  place  nearly  in  the  same  part  of  the  celestial  sphere,  nearly 
correspond  in  character  (as  regards  at  least  the  apparent  dimensions  of  the  moon).  The  cycle 
not  having  any  reference  to  the  year,  the  dates  of  eclipses  are  not  at  once  indicated  by  it.  The 
Chaldeans  calculated  the  length  of  the  saros  at  6585^  days,  so  that  the  eclipses  would  not  recur 
at  the  same  hour  of  the  day.  But  by  trebling  the  period  this  difficulty  was  got  over.  Their 
estimate  was  very  accurate,  the  total  error  in  the  triple  saros  being  somewhat  short  of  one 
hour,  or  more  exactly  58m.  6s. 

The  Paschal  Cycle  ia  an  ecclesiastical  one,  and  need  not  here  be  considered. 

CYCLONES.  {kvk\6s.)  Rotatory  storms,  which  take  their  rise  in  tropical  seas,  and  com- 
monly travel  along  a  parabolic  path,  which  carries  them  first  towards  the  west  and  afterwards 
towards  the  east  (with  a  northward  motion  throughout).  Thus  the  Atlantic  cyclones,  when  as 
sometimes  happens  they  reach  our  shores,  come  always  from  the  west.  In  the  Chinese  seas 
these  storms  are  called  Typhoons.  The  diameter  of  the  cyclonic  whirlwind  varies  from  aboat 
170  to  about  500  miles  or  more.  The  centre,  where  calm  prevails,  travels  at  a  rate  varying 
from  2  to  about  30  miles  per  hour.  The  direction  of  rotation  is  different  for  the  two  hemispheres. 
In  the  northern  hemisphere  the  direction  is  cmntmry  to  the  motion  of  the  hands  of  a  watch 
(placed  face  upwards  on  the  map) ;  in  the  southern  the  reverse  is  the  case.  Captain  Maxuy 
considers  that  cyclones  travel  over  the  course  of  warm  sea-currents,  and  that  even  when  gene- 
rated at  some  distance  from  such  currents  they  make  their  way  to  the  channel  of  warm  and 
rarified  air  existing  above  those  ocean  streams.  Such  storms  are  also  called  Tomadoet.  (See 
W'mds.) 

CYGNTJS.     (The  Swan.)     One  of  Ptolemy's  northern  constellations.     This  asterism  is 

Erincipally  remarkable  as  including  one  of  the  richest  portions  of  the  Milky  Way  visible  in  our 
ktitudes.  Within  its  range  also  is  a  somewhat  well-defined  vacuity  which  has  been  termed  the 
northern  Coalsack.  The  star  Albireo  on  the  beak  of  the  Swan  is  a  fine  double,  the  colours  of 
the  components  being  orange  and  blue,  and  very  well  marked.  But  the  most  interesting  object 
in  this  fine  constellation  is  undoubtedly  the  binary  star  61  CygnL  By  two  distinct  methods 
the  distance  of  this  pair  has  been  found  to  be  about  three  times  as  great  as  that  of  the  star 
Alpha  Centauri.  From  the  observed  motions  of  the  system  it  has  been  concluded  that  the  two 
stars  together  wei^h  about  one>third  as  much  as  our  own  sun. 

CYLINDRICAL  LENS.  A  lens,  whose  curvature  is  that  of  a  cylinder,  instead  of  a 
sphere.  A  cylindrical  glass  rod  may,  therefore,  be  called  a  cylindrical  lens.  Lenses  of  this 
Idnd  are  generally  cylindrical  on  one  side  only,  and  flat  on  the  other.  They  bring  the  image  of 
a  source  of  light  to  a  line  instead  of  a  point,  and  are  frequently  used  in  optical  instruments  and 
stellar  spectroscopes. 

D 

DAGUERREOTYPE  PROCESS.  The  original  process  of  photogn^hy,  so  named  after  its 
inveptor  M.  Daguerre.  A  highly  polished  plate  of  diver  is  exposed  in  darkness  to  the  vapour 
of  iodine,  or  a  mixture  of  iodine  and  bromine,  until  its  surface  is  of  a  reddish  yellow  oolour ;  it 
is  then  exposed  for  a  short  time  to  the  luminous  image  in  a  photographic  camera,  and  trans- 
ferred to  the  dark  operating  room.  Here  the  impressed  plate  (on  which,  however,  no  image  is 
visible)  is  exposed  to  the  vapour  of  mercury.  The  metal  will  adhere  in  the  form  of  a  light  gray 
powder  to  those  parts  of  the  surface  upon  which  the  light  has  shone,  but  will  not  tmich  the 
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portions  unacted  on.  WI  en  sufficiently  developed  the  unaltered  iodide  or  bromo-iodide  of  sUyer 
IB  dissolved  off  with  hypo-sulphite  of  sodft,  when  the  picture  is  fixed.  This  process  is  now  almost 
obsolete.    (See  Photography.) 

D'ALEMBERT'S  PRINCIPLE.  Suppose  a  number  of  forces  to  act  upon  a  rigid  body, 
and  suppose  it  be  required  to  determine  the  motion  of  any  particle  of  the  body.  Two  sets  of 
forces  wUl  act  upon  that  particle ;  first,  the  forces  impr^sed  from  without ;  secondly,  the  co- 
hesive pressures  which  bind  it  to  the  rest  of  the  body.  The  force  producing  motion  will  be  the 
resultant  of  these  two  sets  of  pressures.  Let  us  caSX  this  resultiut  the  effective  force.  If  to 
each  point  of  the  body  a  force  be  applied  equal  and  opposite  to  the  effective  force  at  the  point, 
the  whole  will  be  in  equilibriunu  It  is  impossible,  however,  to  determine  the  forces  of  the 
aeoond  group.  D'AIembert  made  the  following  assumption  : — "  The  internal  action  and  re- 
action of  any  rigid  system  in  motion  are  in  equilibrium  amongst  themselves."  From  this  the 
law  known  as  D*Alembert's  principle  immediately  follows,  viz.,  *'  If  pressures  equal  and  opposite 
to  the  effective  pressures  at  any  instant  were  at  that  instant  applied  to  each  point  of  the  body, 
they  would  be  in  equilibrium  with  the  impressed  presBores.'' 

DALTONISM.     See  Colour  Blindnen, 

DALTON'S  LAW.     See  Evaporatian. 

DANIELL'S  GALYANIO  BATTERY.  In  this  arrangement  the  cells  are  formed  in  the 
following  manner  : — ^A  copper  plate  is  immersed  in  a  saturated  solution  of  sulphate  of  copper. 
This  plate  is  generally  rolled  up  so  as  to  form  a  vertical  cylinder,  and  within  it  is  placed  a  por^ 
ooa  cell  of  bladder,  or  of  unglazed  earthenware.  The  porous  cell  is  filled  with  dilute  sulphuric 
acid,  and  a  plate  or  rod  of  zinc  is  placed  within  it. .  According  to  the  common  phraseology,  the 
current  proceeds  from  the  zinc  through  the  liquid  to  the  copper  when  the  circuit  is  closed. 

The  advantage  of  the  Daniell*s  battery  is  its  great  constaocy,  and  it  is  found  in  this  respect 
far  to  supersede  any  other  arrangement  at  present  in  use. 

The  following  is  an  account  of  the  chemical  action  that  takes  place  within  it : — ^At  the  zinc 
surface  the  sulphuric  acid  is  decomposed,  sulphate  of  zinc  is  formed,  and  hydrogen  is  liberated. 
This  gives  rise  to  an  action  at  the  surface  of  the  porous  cell,  by  which  the  hydrogen,  thus  set 
free,  is  furnished  with  sulphur  and  oxygen,  and  reconverted  into  sulphuric  acid  at  the  expense 
of  the  sulphate  of  copper  in  the  exterior  cell.  A  third  reaction  takes  place  at  the  surface  of  the 
copper  plate,  by  which  copper,  liberated  in  consequence  of  the  last  reaction,  is  deposited  on  its 
surface.  This  will  be  readily  understood  from  the  following  representation,  in  which  the  ordi- 
nary chemical  R3rmbols  are  used,  the  vertical  line  in  the  middle  representing  the  porous  diaph- 
ragm. The  first  line  shows  the  condition  before  the  chemical  action  begins ;  the  second,  the 
condition  after  one  series  of  changes  has  occurred : — 

Copper  plate,  Cu,  CuSb4,  CuSb^jrf^^.  H^^,  Zn,  Zinc  plate. 

Copper  plate,  CuCu,  SO^u,  So^  |  i^  SO^t^  SO^Zn,  Zinc  plate. 

The  sulphuric  acid  diffuses  towards  the  zinc  plate  through  the  porous  diaphragm.  It  appears 
thus  that  the  polarisation  of  the  copper  plate  due  to  the  deposition  of  hydrogen  is  completely 
avoided.  The  sulphate  of  copper  is  used  up,  but  this  is  continuouslv  supplied  from  a  shelf  within 
the  outer  cell  which  carries  a  heap  of  crystals.  The  only  limit  to  the  constancy  is  the  formation 
of  sulphate  of  zinc  in  such  quantity  as  to  prevent  the  action  of  the  zinc  plate. 

DARK  HEAT-RAYS.     See  Obscure  Meat;  Caloreacence, 

DAWN.     QeeTwUight. 

DAY.  In  its  original  acceptance  this  term  meant  the  interval  between  sunrise  and  sunset. 
We  still  use  the  term  in  this  sense  when  we  compare  day  with  night.  Another  familiar  usage 
of  the  term  refers  to  the  completion  by  the  sun  of  his  apparent  circuit  of  the  heavens,  as  either 
from  sunrise  to  sunrise,  or  fnnn  sunset  to  sunset,  or,  more  exactly  than  either,  from  southing  to 
southing.  The  former  hasbeen  called  iheartificial,  the  latter  the  natural  day,  though  it  would  be  diffi- 
cult to  assign  a  reason  for  the  use  of  the  first  of  these  titles  to  describe  a  purely  natural  phenomenon. 

We  are  concerned  here,  however,  with  those  uses  of  the  term  day  which  are  founded  on 
astronomical  relations.    These  are  the  following : — 

The  apparent  or  true  solar  day, — This  is  the  interval  which  elapses  between  the  successive 
returns  of  the  sun  to  the  meridian.  If  the  earth  travelled  at  a  unifonn  rate  round  the  sun, 
and  her  axis  were  at  right  angles  to  the  plane  of  her  orbit,  so  that  the  ecliptic  and  the  equator 
coincided,  the  solar  day  would  be  of  constant  length.  But  neither  of  these  relations  holds ;  and 
thus  the  solar  day  is  variable,  though  the  limits  of  variation  are  not  very  wide.  The  true 
solar  day  is  not  used  even  among  astronomers  as  a  measure  of  time,  for  which  indeed  it  would 
be  whollv  unsuitable. 

The  eivU  or  mean  iolar  (2ay.— This  is  the  interval  which  would  elapse  between  successive 
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returns  of  the  sun  to  the  meridian  if  the  relations  referred  to  in  the  preceding  paragraph  really 
hold.  It  may  be  described  as  the  mean  length  of  the  true  solar  day.  If  a  stm  were  supposed 
to  travel  uniformly  along  the  celestial  equator,  so  as  to  accomplish  one  complete  revolution  in  a 
year,  the  successive  returns  of  that  sun  to  the  meridian  would  be  separated  by  a  mean  solar 
day.  The  civil  day  is  divided  into  24  hours,  which  are  counted  in  two  sets  of  12.  Astrono- 
mers, when  they  use  mean  solar  time  either  for  reference  or  in  practice,  count  through  24  hours, 
beginning  from  noon.  Thus,  in  astronomical  parlance,  5h.  January  27,  means  5h.  P.M.  January 
27  ;  but  I5h.  January  27  corresponds  to  3h.  a.m.  January  28,  according  to  civil  reckoning. 

The  astronomical  or  sidereal  day. — This  is  the  interval  which  elapses  between  a  star's  successive 
passages  of  the  meridian  of  a  place,  and  therefore  corresponds  to  the  period  of  the  earth's  rota- 
tion on  her  axis.  This  interval  is  appredably  constant.  It  has  been  suspected  indeed  (see 
Acceleration  of  the  Moon's  3fean  Motion)^  that  the  period  of  the  earth's  rotation  is  veiy  slowly 
increasing,  and  it  might  be  urged  that,  since  no  star  is  absolutely  fixed,  the  successive  returns  of 
a  fixed  star  to  the  meridian  are  not  separated  by  an  interval  which  is  exactly  equivalent  to  the 
period  of  the  earth's  rotation.  But  neither  correction  would  be  appreciable,  even  in  the  most 
exact  astronomical  processes,  carried  on  for  many  successive  years ;  so  that  neither  affects  the 
claim  of  the  sidereal  day  to  be  regarded  as  the  most  convenient  unit  of  time-measurement  which 
the  astronomer  can  select.  The  length  of  the  sidereal  day  has  been  calculated  with  a  degree  of 
niceness  proportioned  to  that  of  the  determination  of  the  sidereal  year.  In  fact,  the  two 
periods  are  closely  interdependent,  for  we  have  this  rule — the  number  of  sidereal  days  in  a  side- 
real year  exceeds  by  one  the  number  of  mean  solar  days.  Now  the  determination  of  the  num- 
ber of  solar  days  in  a  sidereal  year  is  a  problem  towards  the  solution  of  which  the  whole  durar 
tion  of  astronomical  observation  is  available.  Whatever  error  there  may  be  in  the  oomparison 
between  the  first  available  observation  and  one  made  yesterday  (if  we  will)  at  Greenwich,  is 
distributed  among  the  whole  number  of  years  separating  the  two  observations,  and  therefore  affects 
in  an  indefinitely  minute  manner  the  determination  of  the  length  of  a  single  year.  Hence  we  can 
rely  with  extreme  confidence  on  the  value  assigned  to  the  sidereal  year — ^that  is,  365*2563612 

days.    And  with  corresponding  confidence  we  can  accept  the  value  of  the  sidereal  day  as 

sMiosaas    -      % 
SM-SKMU  "*  *4"*> 

which  reduces  to  23h.  56m.  4*0928. 

Astronomical  clocks  are  set  to  keep  sidereal  time,  each  sidereal  day  reckoning  from  the 
transit  of  the  first  point  of  Aries.  

DAYLIGHT,  ACTINIC  INTENSITY  OF.  Dr.  Roscoe  has  given  a  method  for  the 
meteorological  registration  of  the  actinic  intensity  of  total  daylight,  (Phil,  Trans.,  1865,  p. 
605),  founded  upon  an  exact  measurement  of  the  tint  which  standard  sensitive  paper  assumes 
when  exposed  for  a  given  time  to  the  action  of  daylight.  Measurements  of  the  actinic  intensity, 
according  to  this  plan,  have  been  made  for  some  years  at  Kew ;  and,  in  1866,  Dr.  Roscoe's 
assistant,  Mr.  Thorjje,  was  enabled  to  take  a  series  of  observations  in  the  same  manner  at  Par^ 
under  the  equator,  in  a  situation  possessing  a  clear  horizon.  By  comparing  the  daily  mean 
intensities  at  Par^  and  Kew,  on  the  same  days,  we  gain  some  idea  of  the  true  chemical  action 
of  the  tropics ;  and  it  becomes  evident  that  the  alleged  failure  of  photographers  working  in 
tropical  countries  cannot,  at  any  rate,  be  ascribed  to  a  diminution  of  the  sun's  chemical 
intensity.  The  following  table  exhibits  the  daily  mean  actinic  intensities  at  Kew  and  ParHL  for 
fifteen  days,  in  April  1866  {Phil.  Trans.,  1867,  p.  564). 

Daily  Meah  Ihtexsitt. 

Date  Kew.  Pari.  Satio. 

1866.     April  4  ...  269*4 

II     6  28*6  242*0  8*46 

II     7  77  301*0  39'09 

II     9  5*9  326*4  55*2? 

It    II  25*4  233*2  9*18 

n    12  55*8  203*1  3*66 

It    13  522  337*8  6*46 

II    14  38s  2655  6*89 

ti   18  39*8  350*1  8*80 

II   19  75*2  3523  4*68 

II  20  38*9  385*0  9*90 

II  23  8o*4  350*1  4*35 

It  24  83*6  362*7  4*34 

t.  25  73*7  307*8  4*17 

ti   26  39*1  261*1  6*67 

Mean  intensity,  46*06  303*2 
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Hence  it  appears  that  the  actinjc  action  of  total  daylight,  in  the  month  of  April  1866,  was  6*58 
times  as  great  at  Panlk  as  at  Kew.  (See  ActinomeUr;  Chemical  Action  of  Light;  Photochemical 
Induction.) 

In  a  communication  to  the  Koyal  Society,  in  April  last,  Drs.  Roscoe  and  Thorpe  give  the 
results  of  a  series  of  observations  of  the  actinic  intensity  of  total  daylight,  made  on  the  flat 
table  land  on  the  southern  side  of  the  Tagus,  near  Lisbon,  under  a  cloudless  sky,  with  the 
object  of  ascertaining  the  relation  exising  between  the  solar  altitude  and  the  chemical  intensity. 
The  chemical  action  of  the  total  daylight  was  first  observed  in  the  ordinary  manner;  the 
chemical  intensity  of  the  diffused  dayUght  was  then  observed  by  throwing  on  to  the  exposed 
paper  the  shadow  of  a  small  blackened  brass  ball,  placed  at  such  a  distance  that  its  apparent 
diameter  seen  from  the  position  of  the  paper  was  slightly  larger  than  the  sun's  disc.  The  sun's 
altitude  was  determined  by  a  sextant  and  artificial  horizon.  134  sets  of  observations  were 
made,  and  they  were  divided  into  seven  groups,  according  to  the  number  of  hours  they  were 
from  noon.  It  had  before  been  proved  that  the  mean  actinic  intensity  of  total  daylight  for 
hours  equidistant  from  noon  is  constant,  and  the  result  of  the  Lisbon  series  of  experiments 
proves  that  this  conclusion  holds  good  generally.  In  the  paper  curves  are  given,  showing  thu 
daily  march  of  chemical  intensity  at  Lisbon  in  August,  compared  with  that  of  Kew  for  the  preced- 
ing, and  at  Pan&  for  the  preceding  April.  The  value  of  the  mean  chemical  intensity  at  Kew  is 
represented  by  the  number  94*5,  that  at  Lisbon  by  1 10,  and  that  at  Par^  by  313*3 ;  light  of  the 
intensity  1*0,  acting  for  24  hours,  being  taken  as  100a  The  following  table  gives  the  results  of 
.the  observations  arranged  according  to  the  son's  altitude  : — 

dumber  of  Otewvatlon.     J^^^^ 

18  19  41 
22                     31  14 

22  42  13 

19  5309 

24  61  oS 

II  64 14 

At  ftltitudes  below  lo**  the  direct  sunlight  is  robbed  of  almost  all  its  actinic  rays.  The  rela-> 
tion  between  the  total  chemical  intensity  and  the  solar  altitude  may  be  represented  graphically 
by  a  straight  line  for  altitudes  above  10  .  A  similar  relation  has  already  been  shown  to  exist 
for  Kew,  Heidelberg,  and  Par^ ;  so  that  although  the  actinic  intensity  for  the  same  altitude  at 
different  places  and  at  different  times  of  the  year,  varies  according  to  the  varying  transparency 
of  the  atmosphere,  yet  the  relation  at  the  same  place,  between  altitude  and  intensity,  is  always 
represented  by  a  straight  line ;  this  variation,  in  the  direction  of  the  straight  line,  is  due  to  the 
opialescence  of  the  atmotphere  (which  see) ;  and  it  is  shown  that  for  equal  altitudes  the  higher 
intensi^  is  always  found  where  the  mean  temperature  of  the  air  is  greater,  as  in  summer, 
when  observations  at  the  same  places  at  different  seasons  are  compak-ed,  or  as  the  equator  is 
approached  when  the  actions  at  different  places  are  examined.  The  differences  in  the  observed 
actions  for  equal  altitudes,  which  may  amount  to  more  than  100  per  cent,  at  different  places,  and 
to  nearly  as  much  at  the  same  place  at  different  times  of  the  year,  serve  as  exact  measurements 
of  the  transparency  of  the  atmosphere. 

DEGANTATION.  {Decanter,  to  pour  off.)  The  act  of  pouring  a  liquid  from  one  yessel  into 
another.  In  chemistry  it  is  generally  practised  for  the  purpose  of  separating  a  clear  liquid 
from  a  precipitate  which  has  settled  to  the  bottom  of  the  vesseL  Washing  by  decantation  is 
performed  by  stirring  up  the  sediment  with  pure  water,  allowing  it  to  settle,  and  tiien  pouring 
off  the  clear  liquid,  and  repeating  the  operation  until  all  the  soluble  salts  are  extracted. 

DECLINATION.  {DecUno,  to  deviate  from.)  The  angular  distance  of  a  celestial  body 
from  the  equator,  measured  along  a  great  circle  passing  through  the  body  and  the  pole  of  the 
equator. 

DECLINATION  CIRCLE.    See  Cfirde  of  the  CdeaOal  Sphere, 

DECLINATION  COMPASS.    See  Declinometer. 

DECLINATION,  MAGNETIC.  A  magnetised  needle  free  to  move  in  a  horizontal  plane^ 
takes  up  a  definite  position  which  depends  upon  its  place  on  the  earth's  surface.  At  certain 
places  it  points  due  north  and  south,  but  in  general  it  makes  a  small  angle  with  the  geographi- 
cal north  and  south  line,  and  the  line  in  which  it  points  is  frequently  called  the  line  of  magnetie 
north  and  south.  A  vertical  plane  passing  through  the  points  where  this  line  cuts  the  horizon, 
is  called  the  plane  of  the  magneUe  meridian^  just  as  the  vertical  plane,  taking  in  the  true  north 
and  south  points,  ii  called  the  plane  of  the  geographical  meridian ;  and  the  angle  between  these 
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Total 

O'OOO 

0038 

0-038 

0*023 

0*063 

0086 

0052 

O'lOO 

0*152 

O'lOO 

0*1x5 

0*215 

0136 

0*126 

0*262 

0-195 

0*132 

0*327 

0*221 

0*138 

0-3S9 
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two  planes  is  called  the  magnetic  dedtnation.     In  England  this  angle  amounts  to  nearly  20"*  at 
present.     (See  also  Magnetism,  Terrestrial.) 

DECLINATION  NEEDLE.    Another  name  for  the  Declinometer,  {q.v.) 

DECLINATION  PAKALLEL.     See  Parallel, 

DECLINOMETER.  {Dedino,  to  deviate  from  ;  and  furpica,  to  measnre. )  Is  an  instnnnent 
for  measuring  the  magnetic  declination  or  the  angle  which  the  plane  of  the  magnetic  meridian 
makes  with  the  plane  of  the  geographical  meridian.  There  are  several  forms  of  declinometer. 
We  shall  describe  one  of  the  most  useful  here.  Under  the  head  MagnHomeUTf  Gauss's,  and 
JBalancCj  BifiUir^  will  be  found  a  description  of  the  instrument  used  in  observatories ;  and  under 
Observatory,  Magnetic,  some  remarks  on  the  self-recording  instrument.  A  declinometerp  in 
order  that  it  may  be  of  use  as  a  portable  instrument,  requires  first  a  needle  for  showing  tho 
magnetic  meridian,  and  secondly  an  arrangement  for  determining  the  geographioal  meridian 
and  for  comparing  the  two  together.  It  consists  of  an  ordinary  compass  with  tiie  needle  very 
delicately  suspended,  and  having  marked  on  the  card  a  circle  divided  into  degrees  and  quarters 
of  a  degree.  To  the  opposite  sides  of  the  compass  box,  at  the  points  marked  90**  and  270**,  are 
attached  two  uprights  which  cany  a  telescope  on  a  horizontal  axis.  The  telescope  is  arranged 
to  determine  the  greatest  altitude,  and  thus  obtain  the  geographical  meridian.  The  whole 
compass  box,  with  the  telescope  attached,  and  furnished  with  a  vernier  moves  on  a  graduated 
circle  which  is  supported  on  a  tripod  and  is  capable  of  being  adjusted  horizontally  by  means 
of  levelling  screws.  Suppose  then,  that  either  by  taking  the  greatest  altitude  of  the  sun  or  by 
observing  a  star,  whose  position  is  known,  the  plane  of  the  astronomical  meridian  is  ascertained 
and  the  compass  box  placed  so  that  the  line  of  the  telescope  shall  be  in  it.  If  then  the  com- 
pass needle  stands  at  zero  of  the  circle  in  which  it  moves,  the  declination  of  the  place  is  zero. 
But  if  it  does  not,  the  angle  to  which  it  pointf  east  or  west  of  the  zero  point  can  be  read  off  and 
is  the  declination  angle  for  that  locality. 

DECOCTION.  {Decoquo,  decoetus  ;  de,  from ;  coquo,  to  boil)  The  act  of  boiling  a  substance 
in  water,  or  other  liquid,  for  the  purpose  of  extracting  its  soluble  constituents.  The  same  term 
is  also  used  for  the  solution  which  has  been  prepared  in  this  manner.  Thus  we  speak  of  a 
decoction  of  logwood. 

DECOMPOSITION  OF  LIGHT.  White  light  consists  of  the  various  colours  which  consti- 
tute the  spectrum ;  it  may  be  decomposed  into  its  component  colours  in  many  ways ;  by  refracr 
lion  through  prisms,  by  rejection  from  coloured  surfaces  which  absorb  some  rays  and  reflect 
others,  or  by  transmission  through  coloured  media  which  allow  some  rays  to  pass  and  stop 
others.  The  colours  of  thin  plates,  of  grooved  surfaces,  and  those  shown  by  polarised  light  and 
diffraction  are  produced  by  interference. 

DECREPITATION.  (Decrepo  ;  de,  from,  and  crepo,  to  crackle.)  A  crackling  noise  made 
when  certain  salts,  chloride  of  sodium  for  instance,  are  suddenly  exposed  to  heat.  It  is  gene- 
rally caused  by  the  expansion  and  volatilisation  of  the  water  mechanically  held  within  them ; 
but  it  is  sometimes  due  to  the  different  expansion  of  the  crystalline  layers. 

DEFERENT.     (Defero,  to  carry  from.)    A  term  belonging  to  the  Ptolemaic  system,  {q.  v.) 

DEFLECTION.  {Defiecto,  to  turn  aside.)  A  ray  of  light  or  heat  is  said  to  be  deflected 
when  it  is  turned  aside  from  its  original  path.     (See  Refraction  ;  Rejlection  ;  InHectien.) 

DEGREE  OF  LATITUDE.  The  distance  separating  two  sUtions  on  the  earth,  both  on 
the  same  longitude-circle,  at  which  the  elevation  of  the  pole  of  the  heavens  differs  by  exactly 
one  degree. 

One  of  the  earliest  problems  of  exact  astronomy  was  the  determination  of  the  length  of  a 
d^;ree  of  latitude  on  the  earth's  surface ;  and,  considering  the  instrumental  means  of 
the  ancient  astronomers,  they  solved  this  problem  with  surprising  accuracy.  It  may  seem, 
indeed,  to  those  unacquainted  with  the  nature  of  the  problem,  that  the  estimates  of  Erastoe- 
thenes  and  Ptolemy  (79I,  and  59^  English  miles,  respectively),  were  but  rough  ;  while  the  esti- 
mate of  Posidonius  (68 '95  English  miles),  may  not  unfairly  be  regarded  as  owing  its  accuracy 
rather  to  accident  than  to  the  exactness  of  his  observations.  But  in  reality  an  error  of  10  or 
12  miles  either  way,  in  the  solution  of  a  problem  of  so  much  diSicnlty,  must  be  regarded  as 
very  minute  compared  with  what  we  might  have  expected  under  the  aictual  circumstances  of 
the  case. 

Since  the  invention  of  the  telescope,  the  problem  has  been  attacked  under  more  favourable 
conditions.  But  we  must  regard  rather  as  a  happy  guess  than  as  a  legitimate  conclusion  from 
the  observations  which  hod  been  marie  in  his  time,  the  suggestion  made  by  Huyghens,  that 
the  degrees  of  latitude  may  vary  in  length  on  account  of  an  oblateness  of  the  earth's  figure, 
resembling  that  observed  in  the  figure  of  Jupiter.  Observatiuns  specially  made  to  test  this 
opinion  (which  was  confirmed  by  the  calculations  of  Newton),  led  to  a  rather  perplexing  result. 
Cassini's  observations  caused  him  to  conclude  that  the  degrees  of  latitude  grow  shorter  as  the  pole 
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IB  approached,  and  he  thought,  at  first,  that  this  result  corresponded  with  the  theonr  that  the 
earth  is  flattened  at  the  poles.  When  it  was  pointed  out  that  the  direct  reverse  is  the  case,  he 
still  asserted  the  accuracy  of  his  oheeirations ;  and  thus  for  a  time  the  figure  cf  the  earth  was 
regarded  by  French  astronomers  as  that  of  a  prolate  instead  of  an  oblate  spheroid.  However, 
expeditions  subsequently  sent  out  to  Lapland  and  to  the  equator,  to  set  the  question  at  rest^ 
resulted  in  the  discovery  that  the  degrees  of  latitude  grow  perceptibly  longer  towards  the  poles 
uf  the  earth.  It  is  readily  seen  that  this  result  proves  the  oblateness  of  the  earth.  For,  if  we 
consider  an  ellipse,  we  see  that  the  curvature  is  least  at  the  ends  of  the  minor  axis  ;  in  other 
words,  the  curvatxire  corresponds  to  that  of  a  larger  circle  at  these  points  than  elsewhere. 
From  the  ends  of  the  major  axis  to  those  of  the  minor  axis,  the  curvature  corresponds  to  that  of 
a  continually  increasing  circle,  so  that  the  degree-divisions  also  continually  increase.  The 
figure  of  the  earth,  then,  is  shown  by  these  measurements  to  be  that  of  a  flattened  or  oblate 
spheroid.  Later  measurements  have  placed  this  result  beyond  all  question.  The  following 
table,  from  Sir  John  Hcrschel's  Outlines  of  A&tronoroy,  indicates  the  mean  length  of  a  degree  of 
latitude  as  estimated  from  observations  made  at  various  stations,  and  by  different  observers : — 


Conntiy. 

Latitude  of 
Middle  of  Arc. 

Arc  measured. 

Mean  length  of  a  degree 

at  the  middle  latitude, 

In  feet 

Sweden,    . 

66?ao'ioo"N, 

,03/  15.6" 

365.744 

Sweden,    . 

66  19  37 

0  57  304 

367,086 

Bnssia,      . 

58  17  37 

2  35     5-a 
8    3  28-9 

365.368 

Bnssia,      . 

56    3  55  "5 

365.291 

Prussia,    . 

54  58  26  0 

I  30  39*0 

365,420 

Denmark, 

54    8  W7 

X  3»  533 

365,087 

Hanover,  . 

5a  32  16  "6 

9     0  574 

355.300 

England,  . 

52  35  45 

3  57  I3« 

364,971 

England,  . 

52    3  19-4 

a  50  33-5 

364.95X 

France,     . 

46  52     9 

8  so    o'3 

364,873 

France,     . 

44  51     a*S 

X3   33   X3'7 

364, 57« 

Borne, 
America,  . 

4a  59 

3    9  47 

364,263 

39  " 

X  38  45*0 

363,786 

India, 

x6    8  31 '5 

15  57  40 '7. 

363,044 

India, 

13  33  so'8 

X  34  564 

362,956 

Peru, 

I  31    04  S. 

3    7    3*5 

362,790 

Gape  of  Good  Hope, 

33  18  30 

X  13  X7'5 

364,713 

Cape  of  Good  Hope, 

35  43  200 

3  34  347 

364,060 

Of  these  measurements,  taking  them  in  order,  the  two  Swedish  are  due  to  Svanberg  and 
Maupertuis ;  the  two  Bussian  to  Strove,  and  to  Strove  and  Tenner ;  tho  Prussian  measxuement 
was  made  by  Bessel  and  Bayer  ;  the  Danish  by  Schumacher ;  the  Hanoverian  by  Gauss ;  the 
two  English  measurements  were  made  by  Roy  and  Kater  ;  the  two  French  by  Lacaille  and 
Gassini,  and  by  Delambre  and  Mechain  ;  Boscovich  made  the  Boman  measurement ;  Mason 
and  Dixon  the  American  ;  Lambton,  and  Lambton  and  Everest  the  two  Indian ;  Laoondamine 
and  Bouguer  the  Peravian ;  while  the  two  measuremente  at  the  Gape  of  Good  Hope  were 
made,  respectively,  by  Lacaille  and  Maclear. 

It  will  be  evident,  from  this  table,  that  the  increase  towards  the  pole,  which  proves  oblateness. 
really  does  take  place,  though  here  and  there  discrepancies  exist,  due  chiefly,  no  doubt,  to  errors  of 
observation,  but  partly  also  to  real  irregularities  in  the  figures  of  the  eaith's  meridians.  These 
irregularities  are,  however,  by  no  means  sufficient  to  interfere  with  the  general  run  of  the  evidence. 

More  recently,  a  series  of  very  careful  measurements  has  been  made  in  India  under  the 
superintendence  of  Sir  George  Everest;  From  these  measurements,  the  length  of  a  meridionid 
degree  was  found  to  be,  for  latitude  26**  49',  363,606  feet;  and  for  latitude  21**  5',  363,187 
feet.  These  results  accoid  well  with  those  in  the  preceding  table,  and  justify  the  following  table 
which  exhibits  the  estimated  length  of  a  degree  of  latitude  in  feet  for  every  tenth  degree  : — 


Latitude. 

Length  of  degree  in 
English  feet. 

LaUtude. 

Length  of  degree  in 
£uglUh  feet. 

oS 
xo 

30 
40 

362,734 

367,?43 
363.158 
363.^41 
364,233 

90 

364,863 
365,454 
365,937 
366,253 
366,361 

See  also  Earth, 
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DEGREE  OF  LONGITUDE.  A  degree  of  longitude  on  the  earth  is  a  degree  of  arc  on  thq 
circumference  of  any  latitude-paralleL  It  will  be  seen  by  a  reference  to  latitude  and  Umgitude^ 
that  the  estimation  of  a  degree  of  longitude  is  a  problem  of  much  greater  difficulty  than  the 
estimation  of  a  degree  of  latitude.  For  in  measuring  a  degree  of  latitude  the  obserren  can 
always  determine  the  latitude  of  either  end  or  of  any  part  of  the  arc  they  are  engaged  upon, 
with  great  ease  and  with  the  utmost  certainty,  whereas  the  exact  determination  of  the  real 
longitude  of  any  part  of  an  arc  of  a  latitude-parallel  is  a  problem  of  great  difficulty.  The 
geometrical  processes  are,  of  course,  the  same  in  both  instances  ;  the  measurement  of  an  arc  of 
longitude  is  as  effective  towards  the  determination  of  the  earth's  figure  (supposed  symmetrical 
about  its  polar  axis,)  as  the  measurement  of  an  arc  of  latitude;  while,  supposing  the 
irregularities  of  the  earth's  figure  to  be  appreciable,  it  is  absolutely  necessary  that  measure- 
ment should  be  made  both  in  longitude  and  in  latitude.  It  is  therefore  satisfactory  that 
attention  has  been  bestowed  upon  the  important  problem  of  measuring  extensive  arcs  in 
longitude,  especially  as  telegraphic  communication  has  now  become  so  complete  as  to  have 
in  great  part  removed  the  difficulty  depending  on  the  determination  of  the  longitudes  of 
stations  along  any  arc  which  is  to  be  measured.  The  chief  astronomers  of  Europe  are  at 
present  engaged  in  completing  a  trigonometrical  survey  by  which  an  arc  of  longitude  extending 
from  Orsk  in  Siberia  to  Yalentia  in  Ireland  is  to  be  measured.  The  following  table  shows  the 
effect  of  the  compression  of  the  earth's  figure  according  to  the  value  at  present  accepted ;  and 
it  will  be  easy  to  infer  the  nature  of  the  quantities  to  be  determined  in  order  that  the  actual 
departure  from  the  spherical  shape  may  be  deduced  from  the  measurement  of  arcs  of 
longitude : — 


LaUtade. 

Length  of  degree,  in 

geographical  miles, 

luppoilng  earth 

sphericaL 

Length  of  degree,  in 

geographical  miles, 

with  the  accepted 

value  of  the  earth's 

Gompressioa. 

Excess  due  to 
elliptldtj. 

o^ 
zo 

30 
30 
40 
50 
60 

1: 

90 

6o'ooo 

59'o88 
56-383 
51-963 

45-963 
38567 
30*000 

90'52X 

XO'419 

O'OOO 

60  000 

59094 
56-403 
53004 
46-03X 
38643 
30074 
ao'sSx 
10453 
0-000 

oooooooooo 

To  reduce  these  results  into  English  feet,  it  is  necessary  to  remember  that  a  geographical  mile 
contains  60,456  English  feet.  Thus,  since  the  above  table  gives  as  the  excess  due  to  eUiptidty 
0*075  ^^^  ^^®  degree  in  latitude  50** ;  we  find  that  a  degree  of  longitude  in  latitude  50*  should 
be  greater  than  on  a  spherical  globe  of  diameter  as  great  as  the  earth's  equator  by  453  English 
feet.  Such  a  difference  would  of  course  be  readily  determined,  but  it  is  by  a  minute  fraction  of 
this  difference  that  any  error  in  the  accepted  estimate  of  the  earth's  compression  ia  to  be 
determined. 

DEGREE  OF  TEMPERATXIRB.    See  Thermometer, 

DEGREES  OF  INCANDESCENCE.    See  Pyrometer, 

DELIQUESCENCE.  {DdiquescOj  to  melt  away ;  de,  from  ;  liqueteo,  to  become  fluid.)  The 
property  which  some  compoundis,  such  as  chloride  of  calcium  and  phosphoric  acid,  possess  of 
rapidly  absorbing  moisture  from  the  atmosphere,  and  dissolving  therein. 

DELPHINUS.  (The  Dolphin.)  One  of  Ptolemy's  Northern  constellations.  It  consists  of 
a  well-marked  cluster  of  small  stars,  bounded  towards  the  north  by  a  space  singularly  clear  of 
ludd  stars.  In  the  Palermo  catalogue  the  two  stars  a  and  /9  are  called  Svalocin  and  Rotanev 
respectively.   These  names  appear  to  be  merely  the  inversion  of  the  name  Nicolaus  Venator. 

DENEB  ADIGE.  (Arabic.)  The  star  a  of  the  oonsteUation  Cygnus.  It  is  also  called 
Arided. 

DENEB  ALEET.  (Arabic.)  The  star /3  of  the  oonsteUation  Leo.  It  is  also  called  Dene&o^o, 
and  sometimes  simply  Deneb. 

DENEB  ALGIEDI.     (Arabic.)    The  star  S  of  the  constellation  Caprioomus. 

DENEBOLA.     (Arabic.)     See  Deneb  AUet, 

DENSITY.  {DensuSf  thick.)  This  term  is  used  in  physics  to  denote  the  ratio  of  the 
quantity  of  matter  in  a  body  to  that  in  an  equal  bulk  of  some  standard  substance.    The 
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standard  for  liquids  and  solids  is  water  at  a  temperature  of  4°  C.  (39'2**  F.)  ;  that  is  to  say,  at 
the  temperature  at  which  a  given  weight  of  water  occupies  the  least  bulk.  For  gases  hydrogen 
is  usually  taken  as  the  standard.  The  quantity  of  matter  in  a  body  is  termed  its  mass.  Hence 
the  densities  of  two  bodies  are  directly  proportional  to  their  masses,  and  inversely  proportional 
to  their  volumes.  At  the  same  spot  on  the  earth's  surface  mass  varies  exactly  as  the  weight, 
hence  at  the  same  place  the  density  and  the  specific  gravity  of  the  body  will  be  the  same. 

DENSITY,  ELECTRIC.  A  term  introduced  by  Coulomb  in  connection  with  his  experi- 
ments on  the  distribution  of  electricity.  The  electric  density  at  any  point  of  the  surface  of  a 
conductor  may  be  defined  as  the  quantity  of  electricity  per  unit  area  at  that  point.  (See 
EUctrostatict ;  Eltctricity.) 

DENSITY,  INFLUENCE  OF,  ON  SPECIFIC  HEAT.     See  Specific  Heat, 

DENSITY  IN  TRANSPARENT  MEDIA,  DETECTING  DIFFERENCES  OF.  See 
WaveB  in  Air,  Inttrutfient  for  JUndering  Visible. 

DENSIITT  OF  THE  EARTH.    See  Earth, 

DEOXIDATION.  The  partial  removal  of  oxygen  from  any  substance,  without^  however, 
totally  abstracting  it ;  in  the  latter  case  reduction  is  the  more  usual  expression. 

DEPOLARISATION.  The  thin  plate  of  a  doubly  refracting  crystal,  which  causes  the 
production  of  colour  when  placed  between  the  polariser  and  analyser  of  a  polariscope,  is  some- 
times called  a  depolarising  film  or  depolariser,  and  the  action  whidi  it  exerts  on  polarised  light 
is  called  depolarisation.  The  depolariser  doubly  refracts  the  plane  polarised  light  which  is 
incident  upon  it,  resolving  it  into  two  rectangularly  polarised  systems  of  waves  which  traverse 
the  plate  with  different  velocities.  (See  P(£iri8Cope.)  The  term  e^olarisation  is  always  em- 
ployed, but  it  is  not  strictly  accurate.  It  would  be  better  to  call  the  phenomenon  (ftpolarisa- 
tion,  as  the  ray  of  polarised  light  is  not,  strictly  speaking,  clepolarised,  but  duplicated.  (See 
Polarised  Light,) 

DEPRESSION  OF  THE  HORIZON.    See  Dip  of  the  Horizon. 

DERIVED  CURRENTS.  A  term  relating  to  the  dividing  up  of  an  electric  current  by 
giving  it  more  than  one  course  to  follow.  Suppose  a  cell  or  other  rheomotor  to  be  transmitting 
a  current  through  a  wire,  and  suppose  that  at  any  two  points  in  the  wire  the  end  of  a  second 
wire  are  joined  on,  at  one  of  these  two  points  the  current  splits  up,  part  passing  through  each 
wire,  and  at  the  other  it  again  unites ;  the  total  quantity  of  current  passing  is  increased  by 
the  putting  in  of  this  extra  wire  since  the  external  resistance  is  diminished.  The  following  terms 
are  used  in  connection  with  this  subject.  The  original  current  which  was  passing  before  the 
introduction  of  the  second  wire  is  called  the  primitive  current ;  the  total  current  which  passes 
after  the  introduction  of  the  new  route  is  called  the  principal  current.  Between  the  two 
points  just  mentioned  the  principal  current  traverses  two  circuits ;  that  part  of  it  which  goes 
through  the  old  wire  is  called  the  partial  cairent ;  and  that  part  of  it  which  passes  in  the  new 
wire  is  called  the  derived  current.  There  may,  of  course,  be  any  number  of  wires  inserted  into 
the  circuit  in  this  way ;  eadi  of  them  will  carry  a  portion  of  the  current,  and  according  to  the 
following  law,  that  the  amount  of  the  currents  in  the  several  courses  are  inversely  proportional 
to  the  respective  resistances  of  those  courses. 

DESCENDING  NODE.    See  Node. 

DESILVERISATION  PROCESS.    See  Lead. 

DEVIATION,  ANGLE  OF  LEAST.    See  Angle  of  Least  Deviation. 

DEVIATION  OF  THE  COMPASS.  A  term  ahnost  synonymous  with  dedinaiion,  which 
F*^..  It  means  the  angle  made  by  a  compass  needle  at  any  place  with  the  true  north  and  south 
lino* 

DEVIATION  OF  THE  LINE  OF  THE  VERTICAL.  A  plumb-line  does  not  in  all 
places  hang  vertically  downwards.  Near  a  mountain,  for  example,  the  weight  is  somewhat 
attracted  towards  the  mountain,  as  is  seen  in  such  a  case  as  Maskelyne's  Schehallien  experi- 
ment. (See  Earth.)  But  it  has  also  been  found  that  the  plumb-line  assumes  a  non-vertical 
direction  where  there  is  no  neighbouring  elevation  to  account  for  the  phenomenon.  In  the 
neighbourhood  of  Moscow,  for  example,  Russian  astronomers  have  found  this  to  be  the  case  ; 
and  some  similarly  anomalous  facts  have  been  noticed  during  the  survey  of  India.  Doubtless 
the  deviation  is  due  to  the  existence,  either  of  subterranean  masses  of  great  density  on  the  side 
towards  which  the  plumb-line  is  deflected,  or  else  of  vast  subterranean  cavities  on  the  contrary 
side.  Whatever  be  the  real  explanation,  it  is  obvious  that  the  observed  fact  is  one  of  extreme 
importance,  and  that  in  idl  geodetical  processes  the  possibility  of  error  arising  from  such 
deviations  should  be  carefully  considered. 

DEW.    A  deposition  of  moisture  from  the  air,  caused  by  cold. 

It  was  observed  in  very  early  times  that  dew  is  only  deposited  on  clear  nights,  and  that  such 
nights  are  commonly  cold.    Hence  it  was  oondnded  that  the  moon,  planets,  and  stars,  pour 
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down  cold  upon  the  earth,  and  that  this  cold  generates  dew.  Aristotle  was  the  first  to  suggest 
a  more  tangible  explanation  of  the  phenomena  of  dew.  He  observed  that  dew  is  generally  (or, 
as  he  supposed,  cdways)  formed  in  serene  weather,  and  that  it  is  not  formed  on  mountain  heights. 
He  argued  that  the  disturbance  of  the  air  interferes  with  the  formation  of  dew.  Now  he  re- 
garded the  vapour  of  water  as  a  mixture  of  heat  and  water,  and  he  reasoned  that  such  vapour 
cannot  extend  to  any  great  height,  because  the  heat  would  get  detached  from  it :  nor  can  it  form 
in  windy  weather  for  a  like  reason.  Hence  he  concluded  that  dew  is  produced  by  the  fall  of 
water,  abandoned  by  the  heat  which  had  raised  it ;  and  he  was  able  to  put  forward  a  very 
obvious  reason,  founded  on  his  views  respecting  vapour,  for  the  fact  that  dew  is  not  seen  in  high 
places,  or  in  windy  weather.  He  derided  the  notion  that  the  stars,  planets,  and  moon,  cause 
dew  to  be  precipitated,  arguing  that  the  sun  is  the  true  cause,  "  since  his  heat  raises  the  vapour 
from  which  the  dew  is  formed  so  soon  as  that  heat  is  no  longer  present  to  sustain  the  vapour." 
In  the  middle  ages  philosophers  preferred  the  view  which  attributed  the  formation  of  dew  to 
the  stars.  Baptista  Porta,  however,  adduced  evidence  showing  that  this  view  is  erroneous ;  for 
he  found  that  dew  is  sometimes  deposited  on  the  inside  of  glass  windows,  and  that  a  bell-glass 
plaoed  over  a  plant  in  cold  weather  is  more  copiously  covered  with  dew  within  than  without. 
He  noticed  also  that  some  metals  are  more  copiously  moistened  with  dew  on  their  under  than 
on  their  upper  surface.  But  though  Porta  had  thus  shown  skill  as  an  observer,  he  waa  yet 
unfortunate  in  rejecting  that  part  of  Aristotle's  theory  which  was  alone  correct.  Instead  of 
viewing  dew  as  arising  from  the  condensation  of  vapour,  Porta  thought  that  the  air  itself  was 
condensed. 

The  progress  of  observation  next  brought  to  light  facts  which  have  a  most  important  beaaring 
on  the  subject  of  dew.  Muschenbroek,  in  making  experiments  on  the  quantity  of  dew  forming 
at  different  heights  from  the  ground,  discovered  that  dew  forms  much  more  freely  on  some 
substances  than  on  others.  This  showed  with  tolerable  deamess  that  the  precipitation  of  dew 
is  not  a  regular  process,  (either  of  precipitation  or  deposition),  going  on  merely  according  to  the 
state  of  the  atmosphere ;  for,  under  such  a  process  all  objects  would  be  moistened  alike.  It 
seemed  clear  that  in  some  way  the  dew  must  be  drawn  from  the  air  by  the  object  itself  which 
it  moistens.  Thus  attention  was  again  attracted  to  Aristotle's  theory  that  dew  is  caused  by 
the  condensation  of  vapour.  But  it  was  recognised  that  Aristotle's  explanation  requires  to  be 
modified,  and  instead  of  supposing  the  condensation  of  vapour  to  result  in  such  a  way  as  Aris- 
totle supposed,  it  was  held  that  there  is  simply  a  discharge  of  vapour  from  the  air,  caused  by 
the  cold  of  the  object  on  which  dew  is  seen  to  form.  J&Kperiments  were  applied  to  test  this 
view,  and  all  doubt  was  removed  by  their  success.  It  was  found  that,  whenever  a  cold  body  is 
introduced  into  an  atmosphere  which  contains  much  aqueous  vapour,  a  portion  of  the  latter  in- 
variably condenses  and  forms  a  dew  upon  the  cold  body.  The  familiar  experiment  of  breathing 
upon  a  window  is  perhaps  the  simplest  illustration  of  the  phenomenon  in  question. 

The  principle  thus  established  is  most  important.  It  is  simply  this.  To  air  at  a  given  tem- 
perature  a  certain  proportion  of  aqueous  vapour  may  be  added  without  condensation  resulting ; 
but  if  in  any  way  the  temperature  of  the  air  be  sufficiently  lowered,  there  will  presently  follow  a 
condensation  of  a  portion  of  the  aqueous  vapour. 

It  should  be  added  that  this  fact  had  been  clearly  enunciated  before  Dr.  WeUs  began  the 
researches  now  to  be  described  ;  so  that  it  is  a  mistake  to  include  it  among  the  results  of  those 
researches,  though  the  evidence  supplied  on  the  point  by  Dr.  Wells's  experiments  is  most 
interesting  and  con  vie  dug. 

We  owe  to  Dr.  Wells  the  most  complete  and  thorough  investigation  yet  made  on  the  subject 
of  dew.  His  observations  were  made  during  the  years  1814-17,  in  a  garden  in  Surrey,  three 
miles  only  from  Blackfriars  Bridge.  He  exposed  little  bundles  of  wool,  carefully  weighed  when 
dry,  and  estimated  the  deposition  of  dew  by  their  increase  of  weight  as  the  dew  moistened  them. 
First  comparing  the  amounts  received  on  different  nights,  he  found  that  though  cloudy 
weather  and  windy  weather  were  alike  unfavourable  to  the  formation  of  dew,  yet  that  dew  waa 
at  times  formed  on  a  cloudy  night,  and  at  times  on  a  windy  night ;  though  never  on  a  night 
that  was  both  cloudy  and  windy.  He  found,  further,  that  the  quantity  of  dew  deposited  was 
less  or  greater,  according  as  the  proportion  of  clouded  sky  was  greater  or  less.  Yet  he  soon 
discovered  that  on  clear  nights  dew  was  not  always  formed  with  equal  freedom.  Not  only 
were  there  differences  apparently  depending  on  the  relative  dryness  of  the  air,  but  others, 
which  he  was  unable  to  explain,  were  noticed.  The  cause  of  these  peculiarities  will  be  given 
further  on.  Wells  noticed  also  that  the  quantity  of  dew  was  less  when  the  woolpacks  were 
near  any  object  which  hid  a  portion  of  the  heavens.  He  tried  the  following  experiment : — 
Placing  a  board  on  four  props,  he  put  one  piece  of  wool  on  the  board,  another  under  it.  He 
found  that  though  both  pieces  of  wool  were  equal  in  weight,  each  weighing  ten  grains,  the 
uppennost  on  a  clear  night  gained  14  grains  in  weight,  while  the  lowest  gained  but  4.    Again, 
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he  made  a  carved  pasteboard  roof  over  one  of  hia  woolpacks,  and  he  found  that  on  a  night 
when  the  protected  piece  gained  but  two  grains  in  weighty  a  piece  placed  on  the  top  of  the 
pasteboard  gained  no  leas  than  i6  grains. 

Next,  midring  experiments  on  the  temperature  of  the  air  near  his  woolpaclo^  he  found  that 
where  dew  was  most  freely  f onned  the  air  was  coldest.  Dr.  Wilson  of  Glasgow  had  asserted 
that  the  formation  of  dew  is  a  prooeas  producing  cold.  But  the  experiments  made  by  Muschen- 
brook  and  those  who  followed  him,  had  shown  conclusively  that  dew  is  the  consequence,  not 
the  cause  of  cold.  We  know,  indeed,  that  the  condensation  of  aqueous  vapour  is  a  process  dar* 
1112  which  heat  and  not  cold  is  given  out.     (See  Deio-PoifU.) 

jBxit  seeing,  thus,  that  the  formation  of  dew  is  caused  by  a  diminution  of  the  temperature  of 
the  air,  WeUs  set  himself  to  inquire  what  his  experiments  taught  as  to  the  wav  in  which  the 
air  becomes  cold.  He  no  longer  inquired,  for  example,  why  dew  was  not  formed  imder  a  paste- 
board cover,  while  above  the  cover  dew  was  copiously  formed,  but  why  the  ai%  under  such  a 
cover,  was  not  as  cold  as  the  air  above  it. 

He  was  thus  led  to  the  formation  of  his  famous  theory  of  dew,  respecting  which  Dr.  Tyndall 
remarks  that  *'it  has  stood  the  test  of  all  subsequent  criticism,  and  is  now  universally 
accepted." 

Dr.  Wells's  explanation  of  the  phenomena  of  dew  is  founded  on  this  general  prin^ple,  that  dew 
results  from  the  condensation  of  the  aqueous  vapour  of  the  atmos^ere,  on  substances  whi<^ 
have  become  cooled  by  the  radiation  of  their  heat. 

All  the  phenomena  of  dew  admit  of  beinff  explained  by  this  principle,    ^us  it  had  been 

noticed  that  plates  of  metal  were  often  dry  waem  dew  was  copiously  deposited  on  wood  or  grass. 

This  is  at  once  seen  to  depend  on  the  well-known  fact  that  metals  are  bad  radiators  of  heat,  so 

that  the  temperature  of  a  metal  plate,  exposed  in  the  open  air  at  night,  la  higher  than  i^t  of 

grass  or  wood  similarly  circumstanced.     Dew  does  not  form  freely  on  gravel  for  a  similar 

reason.      On  glass,  which  is  a  good  radiator,  dew  forms  freely.    The  astronomer  is  often 

troubled  by  thL  quality  of  glass,  for  on  dear  nights  the  object-glass  of  his  telescope  will  become 

covered  with  dew.     The  way  in  which  this  is  prevented  affords  an  illustration  of  the  fact 

already  noticed  by  WeUs,  that  the  mere  concealmg  of  a  part  of  the  heavens  by  an  opaque 

screen  will  prevent  the  formation  of  dew.    If  a  cylinder  of  card  or  tin  is  placed  on  the  end  of 

the  tube,  no  dew  is  formed.    The  reason  is,  that  the  radiation  of  heat  from  the  glass  is  checked. 

In  the  same  way,  of  course,  the  facts  observed  by  Wells  are  explained.    The  wool  under  the 

pasteboard  cover  did  not  radiate  its  heat  into  space  like  the  wool  placed  on  the  top  of  the 

cover.    Dr.  Wells  remarks  on  this  fact,  and  the  consequences  whidi  flow  from  it : — "  I  had 

often,  in  tiie  pride  of  half-loiowlege,  smiled  at  the  means  frequently  employed  by  gardeners  to 

protect  tender  i^iants  from  cold,  as  it  appeared  to  me  impossible  tiiat  a  thin  mat,  or  any  such 

flimsy  substance,  could  prevent  them  from  attaining  the  temperature  of  the  atmosphere,  by 

whi<£  alone  I  thought  them  liable  to  be  injured.    But  when  I  had  learned  that  bodies  on 

the  surface  of  the  earth  become,  during  a  still  and  serene  night,  colder  than  the  atmosphere, 

by  radiating  their  heat  to  the  heavens,  I  perceived  immediately  a  just  reason  for  the  practice  I 

had  before  deemed  useless." 

It  will  be  seen,  further,  how  completely  Wells's  theory  accounts  for  the  two  facts  that  dew 
is  seldom  formed  in  cloudy  weather,  or  when  there  is  much  motion  in  the  air.  We  see  that  in 
one  case  the  clouds  form  a  screen,  oheckinff  the  process  of  radiation,  while,  in  the  other,  the 
motion  of  the  air,  by  bringing  continually  fresh  air  to  the  neighbourhood  of  objects  which  are 
radiating  tiieir  heat  into  space,  prevents  those  objects  from  lowering  the  temperature  of  a 
definite  portion  of  the  air  around  them. 

It  remains  only  to  be  noticed,  that  the  circumstance  that  in  equally  clear  weather  dew  is  not 
always  formed  in  equal  quantities,  is  due  to  the  fact  that,  when  the  air  is  clear,  there  may  yet 
be  aqueous  vapour  in  its  upper  regions  in  quantities  sufficient  to  check  the  radiation  of  heat. 

Dr.  T3mdall  remarks  that,  though  valuable  facts  have  been  accumulated  respecting  dew  by 
Mr.  Glaisher,  M.  Martins,  and  others,  little  has  been  added  to  the  theory  of  dew  since  Dr. 
Wells  completed  his  researches. 

DEW-POINT.  The  degree  of  temperature  at  which  the  vi^Knir  in  the  air  begins  to  be  con- 
densed as  the  air  cools.  (See  Hygrometer.)  The  determination  of  the  dew-point  is  a  matter  of 
great  importance  to  the  meteorologist.  By  comparing  the  dew-point  with  uie  actual  tempera- 
ture of  the  air  he  can  tell  the  reUitive  humidity  of  the  air.  He  knows  that  at  the  actual 
temperature  the  air  would  be  saturated  if  it  contained  a  certidn  quantity  of  moisture,  while  he 
Imows  also  that  the  actual  quantitv  present  is  only  such  as  would  suffice  to  saturate  idr  at  the 
observed  dew-point;  the  ratio  of  this  last  quantity  to  the  former  expresses  the  relation 
between  the  actual  humidity  of  the  air  and  the  humidity  of  saturation  at  the  observed  tempera- 
ture.   The  dew-point  in  the  evening  farther  shows  the  temperature  near  to  which  the  mtnimnm 
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during  the  night  in  likely  to  be.    For  when  the  temperature  ha<i  fallen  bo  as  to  reach  the  dew- 

Soint,  the  aqueous  vapour  in  the  air  will  be  condensed,  and  in  this  process  a  certain  quantity  of 
eat  will  be  set  free  which  will  raise  the  temperature  of  the  air.  Then  the  temperature  will 
again  sink  by  radiation  slightly  below  the  dew-point ;  dew  will  be  deposited  and  the  tempera- 
ture will  agam  be  raised ;  and  so  on  through  the  night,  without  any  fall  of  temperature  far 
below  the  dew-point. 

DEXTRIN  ;  or,  British  Oum.  A  gummy  substance  produced  by  the  action  of  heat,  diastase, 
or  acids  upon  starch.  It  owes  its  name  to  its  property  of  rotating  the  plane  of  polarisation  to 
the  right  {dexter^  right).  (See  Circtdar  PciaritcUion  of  Idquidt.)  Its  composition  is  the  same 
as  starch,  O^HjoOg ;  it  possesses  a  light  brown  colour  and  a  peculiar  odour,  resembling  that  of 
toasted  bread  ;  it  does  not  crystallise,  and  has  the  appearance  of  Gum  Arabic  ;  it  dissolves  in 
water,  and  is  largely  used  in  the  arts  and  manufactures.  Postage  stamps  are  rendered  adhesive 
by  means  of  dextrin.  

DEXTROGYBATE  AND  LiSyOGYBATE.    See  Bight  and  Left-handed  Polarisation. 

DEXTROSE.     See  Sugar. 

DIAGrOMETER.  (did^w,  to  conduct ;  f*frpov,  a  measure.)  An  instrument  invented  by  M. 
Rousseau  for  measuring  the  conducting  power  of  oils.  He  used  it  as  a  method  of  examining 
their  purity.  It  consisted  of  a  dry  pile,  by  means  of  which  a  current  was  passed  through  the 
oil ;  and  the  strength  of  the  current  determined  by  a  magnetised  needle.  Want  of  conducting 
power,  of  course,  diminished  the  current,  and  therefore  the  deviation  of  the  needle. 

DIACAUSTIC.    See  Cauttie. 

DIACTINIG.  {SuLf  through ;  and  aKTw,  a  ray.)  Transparent  to  the  actinic  or  chemical 
rays  of  light.     (See  Actinism.) 

DIAL.  The  diid  or  sun-dial  is  a  contrivance  for  determining  the  time  by  means  of  the 
shadow  of  a  straight  rod  on  a  plane  surface.  The  essential  principle  of  the  dial  is  that  the  rod 
shall  point  to  the  pole  of  the  heavens.  Since  the  apparent  motion  of  the  sun  due  to  the  earth'a 
rotation  carries  him  round  the  polar  axis  of  the  heavens  at  a  rate  appreciably  uniform,  the  piano 
through  the  sun  and  the  rod  must  turn  uniformly  round  the  latter,  and  thus  at  any  given  hoar 
of  sokr  time  on  one  day  the  shadow  of  the  rod  will  have  the  same  position  on  any  plane  as  at 
the  same  hour  of  solar  time  on  another  day.  It  only  requires,  therefore,  that  a  correction  should 
be  made  for  the  equation  of  time  (q.  v.),  in  order  that,  from  the  indications  of  the  dial,  the  dvil 
or  mean  solar  time  should  be  deduced.    (See  Day.) 

DIALYSER.  The  parchment  paper  or  septum,  stretched  over  a  gutta-percha  ring  nsed  in 
the  operation  of  Dialysis. 

DIALYSIS.  {diaXvaes,  dto,  through,  and  Xvw,  to  loose.)  During  his  experiments  on  the 
diffusion  of  liquids.  Professor  Graham  discovered  that  solutions  of  certain  bodies  pass  through 
membranes  wiUi  considerable  facility,  whilst  others  pass  through  very  slowly.  He  soon  found 
that  the  former  class  embraced  bodies  which  were  of  a  crystalline  character,  such  as  metallic 
salts,  and  organic  bodies,  such  as  sugar,  morphia^  and  oxalic  acid  ;  whilst  the  latter  class  con- 
sisted of  bodies  devoid  of  crystalline  power,  such  as  gum,  albumen,  gelatine,  &c.  He  therefore 
gave  to  one  class,  consisting  of  easily  diffusible  substances,  the  name  of  crystaUoid,  and  to  the 
other  the  name  of  colloid.  Amongst  the  crystalloids  alcohol  is  classed,  and  amongst  the  colloids 
many  soluble  oxides,  which  are  in  an  uncrystalline  modification,  such  as  hydrated  soluble 
silicic  add,  soluble  sesquioxide  of  iron,  soluble  alumina,  &c.  The  most  convenient  dividing 
film  or  septum^  as  the  duwoverer  named  it,  is  made  of  p<irdinieni  paper.  A  sheet  of  this  sub- 
stance is  stretched  over  a  gutta  percha  hoop,  and  its  edges  are  well  drawn  up  and  confined  by  an 
outer  hoop ;  it  is  then  allowed  to  float  on  a  basin  of  pure  water,  and  in  it  is  poured  a  mixed 
solution  of  colloid  and  crystalloid.  Diffusion  commences  at  once  ;  the  crystalloid  rapidly  passes 
through  and  dissolves  in  the  pure  water  beneath,  whilst  the  colloid  for  the  most  part  remains 
behind.  Professor  Graham  gave  this  process  of  separation  the  name  of  dialysis^  and  it  is  now  in 
constant  use  in  chemical  laboratories  for  effecting  separations  which  would  be  extremely  difficulty 
if  not  impossible,  by  other  processes.  Thus,  gruel  or  broth,  containing  a  very  little  arsenic 
{arsenious  cicid),  dissolved  in  it  and  submitted  to  dialysis,  gives  up  the  whole  of  its  arsenic  to 
the  pure  water,  whilst  scarcely  a  trace  of  the  organic  substances  pass  through.  The  arsenic  can 
be  detected  with  the  greatest  facility  in  the  water,  although  if  it  had  remained  mixed  with  the 
great  excess  of  organic  matter,  its  separation  and  detection  would  have  offered  considerable 
difficulties.  In  cases  of  suspected  poisoning  the  course  now  generally  pursued  is  to  pour  the 
whole  contents  of  the  stomach,  or  other  liquid  which  the  analyst  has  to  examine,  upon  a  dialyser^ 
and  after  allowing  it  to  stay  there  for  twenty-four  hours  to  examine  the  aqueous  solution. 
Almost  all  the  poisons  in  common  use,  such  as  arsenic,  strychnine,  corrosive  sublimate,  oxalic 
acid,  acetate  of  lead,  morphia,  (the  active  agent  in  laudaniun  and  opium),  being  crystalloids,  easily 
pass  thzough,  and  the  work  of  the  tozioologist  is  very  mneh  simplified,  as  he  has  only  an  aqu^ 
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OOB  eolation  of  a  comparatively  pure  Babttance  to  deal  with,  instead  of  a  highly  complex  mixtoro 
of  organic  substancee.  If  urine  is  dialysed  and  the  aqueous  solution  evaporated  and  extracted 
witii  alcohol,  pure  urea  is  obtained  in  beautiful  white  ccystalB.  (See  ParchmaU  Paper;  Diffn^ 
man  of  lAqaida.) 

DTATiKATiAMTDES.    Seoilmuiet. 

DIAMAGNETIC.  (dcd,  through.)  A  term  due  to  Faraday,  and  first  used  by  him  in  describ- 
ing his  discovery  of  the  action  of  magnets  on  light.  He  defined  it  then  to  mean  ^'  a  body 
through  which  the  lines  of  magnetic  force  are  passmff,  and  which  does  not  by  their  action  assume 
the  usual  magnetic  state  of  iron  or  loadstone.  {PmL  Ttoml,  1846.)  But  before  long  he  had 
proved  the  action  of  magnets  upon  all  bodies,  bad  called  them  all  magnetic^  and  divided  them 
into  two  classes,  paramagnetic  and  diamagnetict  aooordinff  to  their  action  in  and  upon  a  magnetic 
fifild.  In  experimenting  optically  upon  heavy  glass,  as  described  in  the  article  above  referred 
to,  he  was  attracted  by  an  action  which  he  observed  of  the  magnet  on  the  glass  itself.  He  had 
a  btf  of  glass  suspended  horizontally  between  the  poles  of  •  powerful-  electro-magnet, 
and  he  found  that  on  making  connection  with  the  battery,  and  thus  producing  a  magnet, 
the  bar  of  glass,  if  it  were  out  of  this  position,  immediately  swung  round  and  plaoed  itself 
with  its  longer  axis  across  the  line  joining  the  poles  of  the  electro-magnet ;  or,  eqwUoriaUy^ 
(he  calls  the  line  which  joins  the  poles  the  axud,  a  line  perpendicular  to  it  the  equatorial  line.) 
Hie  bar  on  being  displaced  from  tins  position  swings  back  to  it  again,  and  after  a  few  oscillations 
comes  to  rest  as  before.  It  thus  takes  a  position  perpendicular  to  the  lines  of  force  and  at  riffht 
angles  to  that  which  would  be  taken  by  a  similar  bar  of  iron  or  nickel ;  these  being  in  stude 

Suilibrium  in  the  axial  direction,  that  is,  parallel  to  the  line  joining  the  poles  of  l^e  magnet, 
tiie  bar  of  glass  was  placed  nearer  to  one  pole  than  to  the  other,  it  set  as  before  equatorially ; 
but  it  was  also  found  to  be  repelled  from  the  nearest  pole ;  and  if  it  was  placed  a  littie  to  one 
side  of  the  axial  line  it  was  driven  farther  from  this  line^  and  turned  with  its  length  perpen- 
dicular to  the  lines  of  magnetic  force.  The  effects  were  very  similar  when  one  pole  of  the 
magnet  was  made  to  act  alone  on  the  body ;  and  the  repulsion  was  well  manifested  on  using  a 
boll  or  a  cube  of  glass  instead  of  an  elongated  bar.  He  then  proceeded  to  examine  a  luge 
number  of  other  bodies  of  all  kinds,  simple  and  compound,  organic  and  inorganic,  transparent 
and  opaque ;  and  he  gives  a  list  of  fifty-six  in  his  first  paper  on  the  subject  (PhiL  Trans,  1846, 
p.  21),  ali  of  which  he  found  to  be  acted  on  bv  the  magnet,  and  all  in  the  same  way  as  the  heavy 
glaas.  Liquids  and  gases  were  enclosed  m  tubes  and  thus  examined.  The  condusion  he 
came  to  after  a  long  s^es  of  experiments  was  this^  that  all  bodies  are  acted  on  by  the  magnet, 
and  may  be  divided  into  two  dasses,  those  which  are  affected  like  iron  and  nidcel,  which  are 
attracted  bv  the  magnet  and  set  axially ;  and  those  which  are  affected  like  heav^  glass,  which 
are  repellea  by  the  magnet  and  set  equatorially ;  and  these  he  subsequentiy  CAHeaparamagneUe 
and  dMmagnetie,  respectively  ;  and  he  showed  that  the  motione  displayed  by  diamagnetie  bodies  in 
a  magnetic  fidd  are  all  reducible  to  one  simple  laWf  namdythat  the  partidesqf  the  diamagnetiG  tend 
to  move  into  the  positions  of  weakest  magnetic  force. 

Of  the  large  number  of  bodies  he  examined  he  found  that  the  greatest  parts  were  diamagnetie ; 
he  tested  a  hurge  number  of  crystals,  rock  crystal,  sulphate  of  calcium,  sulphate  of  Wium, 
alum,  &C.  Of  orsanic  bodies,  Uquid  and  solid,  alcohol,  ether,  wax,  caoutchouc,  blood,  mutton, 
beef,  leatiier,  apples,  bread ;  also  water,  sulphuric  add,  hydro-chloric  add,  and  many  others, 
and  found  these  diamagnetie ;  he  also  examined  the  metals,  and  of  these  he  added  a  few  to  the 
magnetic  dass,  whidi  already  contained  iron,  nickd,  and  cobalt,  namdy,  platinum,  palladium, 
titMiiTmi,  mancanese,  cerium,  chromium,  and  oinnium.  The  others,  bismuth,  antimony,  anp, 
Ac.,  were  found  diamagnetie.  He  proved  also  that  in  whatever  state  a  body  is,  whether  shnple 
or  compound,  it  still  produces  the  same  effect.  Thus,  in  the  case  of  a  compound  eadi  of  tiie 
elements  of  which  it  consists  produces  its  own  effect,  and  the  result  obtained  from  the  body 
depends  on  whether  the  magnetic  or  the  diamagnetie  part,  if  there  be  both,  preponderates. 

On  examining  still  farther,  it  appears  that  there  is  still  a  condition  to  be  taken  account  of — 
namely,  that  wluch  depends  on  the  medium  in  which  the  body  is  plaoed.  To  determine  the  effect 
of  it,  Faradav  made  use  of  the  law  which  we  have  just  mentioned — ^that  each  component  of 
the  body  produces  its  own  effect.  He  found  that  sulphate  of  iron  is  strongly  paramagnetic^ 
and  knowing  that  water  is  diamagnetie,  he  was  able  to  produce  three  solutiona  of  different 
strengths,  with  which  he  proceeded  with  the  following  experiment : — ^Filling  glass  tnbes  with 
each  of  the  solutions,  he  found  that  they  all  pointed  axially — ^that  is,  exhibited  paramagnetic 
properties  when  suspended  in  air.  He  then  to<)k  vessels  containing  the  solutions,  and  suspended 
the  tube  in  these  solutions  under  the  influence  of  the  magnet.  Each  tube  when  in  its  own  solu- 
tion was  quite  indifferent,  or  pointed  slightiy  equatorially,  owing  to  the  diamagnetie  property 
of  the  glass  of  which  it  was  constructed ;  but  on  suspending  them  in  the  other  solutions^  it  was 
fovrnd  that  a  tube  suspended  in  a  solution  weaker  than  that  whidi  it  contained  was  para- 
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magnetic,  a  tube  sugpended  in  a  eolution  stronger  tliaa  its  own  was  diamagnetic.  It  appeaaped, 
then,  that  the  explanation  of  the  phenomenon  must  stand  in  this  way,  that  all  bodies  kare  a 
tendency  to  move  into  the  stronger  parts  of  the  magnetic  field,  but  tliat  some  haye  more  power 
than  others,  and  that  any  body  is  paramagnetic  or  diamagnetic  according  as  it  is  snnomided 
by  a  medium  whose  power  is  weaker  or  stronger  that  that  of  tiie  body  itself. 

He  then  proceeded  to  examine  gases,  and  here  at  first  he  was  Tmsuooessfol ;  for  he  could 
obtain  no  result  but  a  negative  one — ^namely,  that  gases  and  a  Taouinn  are  not  different  in  power. 
The  difficulty  was,  that  Ira  required  to  enclose  the  gas  in  a  glass  tube,  which,  being  diamagnetic 
itself,  and  of  large  mass  compared  with  the  mass  of  all  the  gas,  rendered  the  effect  produced  by 
the  gas  insensible.  Afterwutis,  however,  he  returned  to  the  subject,  and  by  driving  a  stream 
of  gas  towards  the  poles,  he  found  that,  in  the  case  of  oxygen,  the  stream  turned  axially,  and  was 
attracted  into  the  axial  line ;  but  all  other  gases  he  examined  were  diamagnetic.  It  appears, 
however,  probable,  from  the  later  experiments  of  Graham,  that  hydrogen  is  paramagnetic  On 
examining  the  gases  again  in  glass  tubes,  witii  the  assistance  of  a  torsion  baLknoe,  Faraday  was 
able  to  compare  the  magnetic  powers  of  the  various  gases,  and  the  powers  of  the  same  gas 
nnder  different  conditions,  as  to  pressui^  and  temperature. 

Some  farther  information  on  this  subject  will  be  found  under  our  article  on  MagnetisMf  and 
the  list  of  the  order  of  bodies  as  to  magnetic  power  determined  by  Faraday  is  given  tiiere. 
For  full  information  on  this  subject,  however,  the  papers  of  Faraday  himself,  ought  to  be  con- 
sulted, ^ey  are  pubHahed  in  the  Philosophical  Transactions,  from  1846  onward,  and  reprinted 
in  voL  iii.  of  his  Experimental  Researches.    (See  also  Diamagnetitm  by  Professor  Tyndall.) 

DIAMETER,  APPARENT.  {Sid,  through,  and  /lirpw,  a  measure.)  The  apparent  dia- 
meter of  a  heav^y  body  is  the  angle  that  body  subtends  as  viewed  from  the  earth. 

BIAMIDES.    Bee  Amides, 

DIAMINES.    See  AnUdes. 

DIAMOND.  (Corrupted  from  alkifjuii,  aSafuurros,  adamant,  from  a,  not,  and  Safuto,  to 
break.)  Pure  carbon  in  a  transparent  crystalline  form,  and  the  hardest  substance  known  (10 
on  Mohr^s  scale).  (Aee  Hardness  of  MiriauU.)  Specific  gravity,  3*5to  3*6.  It  is  generally 
colourless,  but  sometimes  tinged  red,  orange,  yellow,  green,  or  blae.  The  index  of  refraction  is 
2*439,  being  exceeded  only  by  chromate  of  lead  and  orpiment.  (See  Index  of  Sefraetion.)  It 
is  uxiaffected  by  any  liquid,  and  infusible  at  the  highest  attainable  temperature.  Before  the 
oxy-hydrogen  blowpipe  it  gradually  bums  away,  and  the  same  takes  plswce  when  it  is  heated 
white  hot,  and  plunged  into  an  atmosphere  of  oxygen,  carbonic  add  being  produced.  When 
exposed  to  the  intense  heat  of  the  voltaic  are,  the  diamond  becomes  converted  into  graphite. 
Besides  its  value  as  a  gem,  it  is  of  great  use  in  the  arts  and  manufactures.  Diamond  dast  is 
used  for  cutting  and  polishing  other  gems ;  the  edge  of  a  native  ciystal  is  used  bv  glaziers  for 
cutting  glass  ;  a  sharp  point  is  used  for  scratching  and  engraving  on  glass ;  a  spliirter  is  also 
used  as  a  tool  for  turning  glass  lenses  in  a  lathe  ;  and  rough  diamonds,  too  imperfect  to  be  used 
as  gems,  are  mounted  as  boring  tools  for  perforating  rocks.  Many  attempts  have  been  made  to 
prepare  diamonds  artificially,  but  hitherto  they  have  been  unsuccessfuL 

DIAPHANOUS.  (Suupmnp — dui,  through,  and  ipoutw,  to  shine.)  Transparent ;  allowing 
light  to  pass  through. 

DIASTASE.  A  white  amorphous  substance  soluble  in  water.  It  is  extracted  from  malt, 
and  is  the  substance  to  which  that  body  owes  its  property  of  converting  starch  into  dextrin. 
(See  Dextrin.) 

DIATHERMANC7.  (dia,  through;  Ocpfijf,  heat.)  A  term  employed  by  Mellon!  to 
designate  the  property  of  transmitting  radiant  heat.  It  therefore  corresponds  to  transparency 
in  the  case  of  light,  and  the  expression  '*  transparent  to  heat-rays  "  is  occasionally  employed. 
If  we  have  a  source  of  heat  placed  near  a  thermometer,  a  rise  of  ^e  mercury  will  be  produced  ; 
if  now  a  thin  plate  of  rock-salt  is  introduced  between  the  source  and  the  thermometer,  the 
mercury  will  fall  but  slightly,  because  the  rock-salt  permits  nearly  all  the  heat  from  the  source 
to  pass  through  it,  in  virtue  of  its  diathermancy  ;  but  if  a  plate  of  the  same  thickness  of 
selenite  or  amber  is  placed  between  the  source  and  the  thermometer,  a  veiy  marked  difference 
will  be  observed,  nearly  aU  the  heat  will  be  cut  off,  and  the  thermometer  will  therefore  indicate 
a  very  slight  rise  of  temperature,  because  selenite  and  amber  possess  very  slight  diathermancy, 
that  is,  uiev  are  more  or  less  opaque  to  heat-rays.  Rock-salt  is  said  to  be  a  diathermanous 
substance,  while  selenite  and  amb^  are  called  alhermanous  substances  (a,  not,  Bcpfirj^  heat,)  but 
this  latter  term  is  not  much  used  because  all  substances  allow  a  certain  amount  of  radiant  heat 
to  pass  through  them.  The  following  table  shows  the  diathermancy  of  various  solids  to  radiant 
heat  from  d&erent  sources.  The  total  radiation  from  each  source  was  first  measured  by  a 
thermo-electric  pile,  and  delicate  galvanometer ;  a  plate  of  the  substance  one-tenth  of  an  inch 
thick  was  then  introiduced  between  the  face  of  the  pile  and  the  source  of  heat>  and  the  diminution 
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of  tnuiBmitied  heat  (aa  shown  by  a  decreaBed  deflaction  of  the  noedle  of  the  galvaQometer),  was 

noted. 

Tab£x  SHOwiNa  TBB  Transiobsion  ov  Radiant  Hbat  BHANAmra  raox  DirrsBjaiT  Soubcb^ 
THBOUGH  VASiouB  SoLiDS  OF  A  Unifobx  TmcKifxss.  Total  radiatioii  =ioo.  The 
following  nmnbers  show  the  percentage  of  the  total  radiation  transmitted.    (MtUom.) 


Names  of  subitanoes  emplojed. 
Thicknaas  s*  3-6  milUoMtnfl^ 

(^incb.) 

Locatem 
lamp. 

Incandescent 

Copper  at 
40o<'C. 

Copper  at 
xoo?0. 

Bock  salt,      .... 
SldUan  solphor,    . 

9* 
74 

93 
77 

i; 

9a 

54 

Flnorspar,     .... 

7a 

69 

4a 

33 

BM7I. 

54 

u 

'1 

0 

Iceland  spar, .... 

39 

0 

Glass 

Bock  exystal  (transparentX  . 

H 

li 

6 
0 

• 
3 

_„        „      (smoky;,   , 

37 

a8 

6 

3 

C!hromate  of  potash,     . 

34 

38 

15 

0 

White  topac. .       .       . 
Carbonate  of  lead,. 

33 

84 

4 

0 

39 

li 

4 

0 

Sulphate  of  baiyta. 
Feldspar,       .... 

»4 

0 

33 

Z9t 

6 

0 

Violet  amethyst^    . 

9Z 

9 

a 

0 

Artificial  amber,    . 

ax 

s 

0 

0 

Borate  of  soda. 

x8 

xa 

8 

0 

Green  tovrmalino, . 

x8 

z6l 

3 

0 

Common  gum. 

z8 

3 

0 

0 

Selenlte,         .... 

X4 

5 

0 

0 

Citric  add,     .... 

XX 

a 

0 

0 

Tartrate  of  potash. 
Natural  amber,     . 

XI 

3 

0 

0 

xz 

5 

0 

0 

Alum, 

1 

a 

0 

0 

Sugar  candj,  .... 

x 

0 

0 

Ice, 

6 

OS 

0 

0 

We  notice  in  the  aboye  table  that  with  the  exception  of  roek«salt,  the  diatbeimancy  Taries 
with  the  nature  of  the  sonroe  of  heat,  and  this  arises  from  the  fact  that  heat-rays  vary  in 
gudUty  with  the  nature  of  the  source.  (See  Quality  cf  HeOt. )  Thus  luminous  heat-rays  have  a 
shorter  wave-length  than  obscure  heat-rays.  We  must  specially  bear  in  mind,  therefore,  that 
the  above  results  obtain  only  with  regard  to  the  sources  of  heat  there  mentioned ;  rock-salt^ 
the  most  diathermic  substance  of  all,  has  been  f oimd  by  Prof.  Balfour  Stewart  to  be  very 
athermic  or  opaque  to  rays  issuing  from  its  own  substance ;  in  fact  a  thick  plate  was  found  to 
stop  three-fourths  of  the  heat  radiated  from  a  thin  plate  of  heated  rook-salt.  Transparency  for 
light  has  nothing  to  do  with  transparency  for  heat ;  thu%  dear  rock-crystal  which  is  transparent 
to  light,  and  smoky  rock-crystal  which  is  opaque,  are  almost  equally  diathermic  ;  and  transparent 
sugar  and  iee  cut  off  far  more  heat  than  opaque  sulphur  and  sulphate  of  baryta.  Again  the 
solution  of  iodine  in  bisulphide  of  carbon  used  by  iSrndaU  in  his  experiments  on  calorescence, 
is  absolutely  opaque  to  light,  while  it  is  extremely  diathermic  in  regard  to  radiant  heat. 
Melloni  also  determined  the  diathermancy  of  various  liquids,  but  as  be  employed  glass  cells  to 
contain  them,  the  radiant  heat  was  considerably  influenced  by  means  external  to  the  liquid  itself. 
Tyndall  employed  cells  of  rock-salt  and  a  different  source  of  heat.    (See  Abiorplion  of  Seat.) 

Thickness  has  a  considerable  effect  on  diathermancy,  as  on  transparency.  In  the  case  of 
light  we  know  that  many  things — glass,  and  water,  for  instance,  when  seen  in  a  thin  layer, 
appear  absolutely  colourless,  whereas  when  we  look  through  a  considerable  thickness  they  are 
seen  to  be  distinctly  coloured,  because  an  absorption  of  certain  light  rays  has  taken  place 
within  the  mass  of  the  substance,  which  a  thin  layer  of  that  substance  could  not  effect.  It  is 
thus  aLbo  in  regard  to  radiant  heat,  a  thick  layer  of  a  substance  is  less  diathemic  than  a  thin 
layer.  In  the  above  table  the  uniform  thickness  was  2*6  millimetres ;  by  i^imiTiialiing  this 
thickness  a  less  amount  of  heat  is  absorbed,  and  hence  a  greater  amount  is  transmitted ;  on  the 
other  hand,  by  increasing  the  thickness  a  greater  amount  of  heat  is  absorbed,  and  a  less  amount 
transmitted.  A  thin  plate  of  glass  may  be  aa  diathermanous  as  a  thick  plate  of  rock-salt,  and 
this  proves  that  the  absorption  of  heat  like  that  of  light  takes  place  within  a  substance,  not 
alone  at  its  surface.  Pouillet  gives  the  following  table  to  show  the  influence  of  thickness  on 
diathermancy.  The  intensity  of  the  incident  beam  is  represented  by  100 ;  thus,  if  a  thickness 
of  o'5  millimetre  of  glass  allows  77*5  per  cent  of  the  total  radiation  from  a  Locatelli  lamp  to 
pass  through  it,  a  thickness  of  5'0  millimetres  allows  62X>  per  cent  of;  the  total  radiation. 


DIA 


166 


BIO 


Comparing  colza  oil  »t  thicknesses  of  0'5  millimetre,  and  200  millimetres,  we  observe  that  aboot 
twelve  times  as  much  heat  is  transmitted  through  iJie  former  thickness  than  through  the  latter, 
or,  otherwise  expressed,  that  the  absorption  l^  the  layer  of  2CX>  millimetres  in  thickneBS,  » 
twelve  times  greater  than  that  of  the  layer  of  0*5  millimetre,  while  water  in  layers  greater  than 
1 1  millimitres  in  thicknefw  does  not  transmit  any  of  the  heat,  emitted  from  an  incandescent 
spiral  of  platinum  wire.  It  is  noticeable  in  the  case  of  glass,  that  after  a  certain  limit  has  been 
passed,  an  increase  of  thickness  does  not  appear  to  diminish  the  transmission. 

Table  showing  thb  iNrLuxNGB  ov  TmoKinEss  on  the  Diathbbxanot  or  Substances. 


ThickneM 
of  layers  in 

mflllmAtnuL 

Thickness 

In 

inehfls. 

OlsM.    (&GobaIn.) 

OolnOiL 

Water. 

LocateTU 
lamp. 

Inean- 

deaoent 

platiniun. 

Copper  at 
400^0. 

LocatdU 
lamp. 

Incan- 

deaoent 

platinam. 

LocateUi 
lamp. 

Incan- 
desoent 

O'S 

i*o 
IS 

3-0 

2'5 
30 
40 

SO 

60 

1:0 

9-0 

xo'o 
xx'o 
50*0 

86-0 

xoo'o 
xso'o 
3000 

0*019 

0030 

0-058 

0*078 

0-097 

0-II7 

0-156 

0-195 

0*234 

0-273 

0-313 

o'35X 

039 
0-429 

x*95 
3'354 

m 

7-80 

77*5 
733 
70-4 
68-3 
66-0 
653 
634 
630 
6o'9 
60-0 
S9'a 

•  • 
■  • 

a  a 

•  • 
a  9 
m  a 

•  • 

63'z 

SI'S 
46*1 
43-8 

•  • 

358 
340 

3«"3 
30-9 
39-7 

«  • 
a  • 

•  « 

•  a 

•  • 

•  a 
a  • 
a  • 

I4'4 

6.7 
50 

a  « 

a*9 
a-o 

i*S 
x-4 
x'a 

x-i 

•  a 

•  a 

•  • 

a  a 

•  a 

a  a 
a  a 

•  a 

64*0 

48-3 
410 

36-1 

327 
30-6 
37*8 

957 

939 
33 '6 

31-8 
31*3 
21 '0 
30'9 
X3S 

•  • 

8x 
6-1 

S-3 

33-0 
33-8 
X8-7 

i6-3 

•  • 

X3-6 

X3'0 

XO-8 

f, 

8*1 
7S 
7" 
6-7 

3-X 

a  a 

X'a 

•  a 

•  • 

9S*x 

19-3 
160 

13'9 

a  • 

XI  4 
xo-o 

U 

8*3 
8*0 
7-8 

7*7 
7'7 
a'4 

a  • 

1-3 

o*7 

a  • 

8-7 
S-7 

4*9 

3a 

a  a 

a'o 

x'S 
x*z 

z'o 
0-8 
o*6 
o*5 
04 
03 
0-0 

•  a 
a  a 
a  a 
■  a 

See  also  Ahsorpium  of  Heat, 

DIATHERMOMETEB.  (dca,  through ;  BepfiTfy  heat ;  /lerpibtf  to  measure.)  An  infltrument 
devised  by  Prof.  Guthrie  for  determining  the  thermal  resistance  of  liquids.  It  consists  of  an  air 
thermometer  terminated  above  by  a  brass  cone  faced  with  platinum,  having  its  base  uppermost^ 
and  in  a  perfectly  horizontal  plane  ;  the  base  of  a  second  cone  of  precisely  the  same  area  can 
be  approximated  to  the  cone  of  the  air  thermometer,  and  between  the  opposite  bases  the  liquid 
to  bie  examined  is  introduced.  Now  if  we  have  a  constant  source  of  heat  in  the  upper  oone 
(such  as  a  current  of  water  of  known  and  invariable  temperature),  it  is  obvious  that  by  varying 
the  liquids  between  the  cones,  and  noting  the  effect  in  a  given  time  on  the  column  of  liquid  in 
the  air  thermometer,  we  can  obtain  r^ults  (comparable  among  themselves),  of  the  relative 
thermal  resistance  of  the  various  liquids  employed.    (See  also  Conduction  of  Heat.) 

DIATOMIC  ALCOHOLS.    See  AlcokoU,  Series  of 

DICHROIC  CRYSTALS.  Sir  David  Brewster  {Optics,  page  250)  gives  a  table  of  the  oolours 
which  certain  dichroic  crystals  exhibit  when  examined  in  polarised  light,  from  which  the  follow- 
ing list  is  taken  : — 

Optic  axis  in  plane 
of  Polarisauon. 

Yellowish  green. 
Pale  yellow. 


Uniaxial  Crystals-^ 
Sapphire. 
Ruby. 
Emerald. 
Blue  beryl. 
Green  boryl. 
Quartz  yellow* 
Amethyst. 
Tourmaline. 
RubeUite. 
Idocrase. 
Mellite. 
Ulac  apatite. 
Olive  apatite. 


Yellowish  green. 
Bluish  white. 
Whitish. 
Yellowish  white. 
Blue. 

Greenish  white. 
Reddish  white. 
Yellow. 
Yellow. 
Bluish. 
Bluish  green. 


Optic  azlB  in  plane 
perpendicolar  to  tJ^t 
of  Polarisation. 
Blue. 

Bright  pink. 
Bluish  green. 
Blue. 

Bluish  green. 
Yellow. 
Pink. 

Bluish  green. 
Faint  red. 
Green. 

Bluish  white. 
Reddish. 
Yellowish  green. 
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Optic  uds  in  plane 
of  PolarisaUoQ. 

Optic  axis  in  plane 

perpendicular  to  that 

of  Polariaation. 

Unuudal  Oryttals — 

Phosphate  of  lead. 

Bright  green. 

Orange  yellow. 

Iceland  spar. 

Orange  yellow. 

Yellowifih  white. 

Octohediite. 

Whitish  brown. 

Yellowish  brown. 

Biaadal  Crystal^^ 

Blue  topaz. 

White. 

Blue. 

Green  topaz. 

White. 

Green* 

Greenish  blue  topai^ 

Beddish  gray. 

Blue. 

Pink  topaz. 

Pink. 

White. 

Pink  yellow  topa^ 

Pink. 

Yellow. 

Yellow  topaz. 

Yellowish  white. 

Orange. 

Yellowish  purple. 

Sulphate  of  baryta. 

Lemon  yellow. 

Purple. 

Yellow  sulphate  of  baryta. 

Lemon  yellow. 

Yellowish  white. 

Orange  yeUow  sulphate  of  baiyta^ 

Gamboge  yellow. 

Yellowish  white. 

Cyanite. 

White. 

Blue. 

IHchroiie. 

Blue. 

Yellowish  white. 

Gymophane. 

VeUowish  white. 

Yellowish. 

Olive  green  epidote. 

Brown. 

Sap  gfreen. 

Whitish  green  epidote. 

Pink  white. 

YeUowish  white. 

Mica. 

Beddish  brown. 

Beddish  white. 

^ee  DtdirotMn.) 

DICHBOIC  MICROSCOPE.  A  double  image  prism  is  sometimes  attached  to  a  compound 
microscope,  so  as  to  form  two  images  of  a  crystal  or  other  substance  in  the  field  of  view,  and 
exyikble  it  to  be  examined  for  dichroism.    (See  JHchroacope;  Dichroism,) 

DICHROISM.  -  (dif,  two,  and  xP^f^*  colour.)  A  property  which  some  crystals  possess  of 
appearing  of  two  different  colours  where  light  passes  through  them  in  different  directions.  If 
three  colours  are  produced  it  is  called  tri-chroism,  and,  if  more,  poly-chroism.  The  general 
property  is  termed  pleo-chroism.  The  crystals  of  the  double  chloride  of  palladium  and 
potassium  appear  of  a  deep  red  colour  along  the  axis,  and  of  a  vivid  green  in  a  transverse 
direction.  A  similar  phenomenon  is  observed  in  the  mineral  iolite  or  dichroite.  The  pheno- 
menon of  dichroism  depends  upon  the  fact  that  the  absorption  of  light  is  regulated  by  the 
inclination  of  the  incident  ray  to  the  axis  of  double  refraction,  and  on  a  difference  of  colour  in 
the  two  pencils  formed  by  double  refraction. — (Sir  D.  Brewster.)  Examined  in  the  dichrosobpe 
many  natural  and  artificial  crystals  are  seen  to  possess  the  property  of  dichroism.  (See 
JHchroic  CryaUds ;  DickroU  Microtcope.) 

DICHBOITE  ;  or,  lolite.  A  mineral  so  named  by  Hauy  on  account  of  certain  optical  pro- 
perties which  it  possesses.  (See  DickroUm.)  It  occurs  in  prisms  belonging  to  the  trimetrio 
system ;  it  appears  deep  blue  in  the  direction  of  the  principal  axis,  and  brownish  yellow,  or 
yellow  gray  at  right  angles  to  it.  Chemically  considered  it  itf  a  silicate  of  magnesia^  alumina^ 
and  iron,  and  is  sometimes  used  as  a  gem. 

DICHROSCOPE.  An  instrument  devised  by  Haidenger  for  examining  the  property  of 
dichroism.  It  consists  of  an  achromatised  double  image  prism  of  Iceland  spar,  fixed  in  a  brass 
tube,  having  a  small  square  aperture  at  one  end,  and  a  convex  lens  at  the  other,  of  such  a 

Sower  as  to  give  a  sharp  image  of  the  square  hole.  On  looking  through  the  instrument  this 
ole  appears  double,  and  if  a  dichroio  crystal  be  placed  in  front  of  it  the  two  images  will  appear 
of  different  colours.  By  causing  the  tube  to  revolve,  the  colours  alternately  disappear  and 
appear ;  in  this  manner  dichroism  may  be  detected  in  crystals  by  viewing  them  in  one  direc- 
tion only.  A  diohroscope  is  frequently  combined  with  the  polarising  apparatus  of  a  microscope. 
(See  JHchroic  Mieroacope,) 

DIDYMIUM.  {diivfios,  a  twin.)  A  raie  and  unimportant  metal,  occurring  with  cerium 
and  lanthanum.  It  was  discovered  by  Mosander  in  1S41.  The  name  owes  ito  origin  to  the 
resemblance  of  the  metal  to  lanthanum,  and  the  difiiculty  of  separating  the  two.  Symbol  Di. 
Atomic  weight,  48.  It  forms  a  protoxide  (l>i«0),  and  a  peroxide  of  undetermined  composition  ; 
the  protoxide  is  a  powerful  base,  and  forms  salts  with  adds  which  possess  a  rose  or  violet  colour. 
DIELECTRIC,  (did,  through.)  Any  medium  through  or  across  which  static  induction 
takes  place  is  called  by  Faraday  a  dideetrie.  In  his  Experimental  Researches,  vol  L,  he  con- 
siders the  part  which  the  dielectric  plays,  with  respect  to  two  oonductors  between  which 
induction  is  taking  place ;  and  he  proves  that  its  function  is  not  merelv  the  passive  one  of  pre- 
senting a  medium  across  which  the  electricity  cannot  pass,  but  that  tne  inductive  influence  is 
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traDflmitted  from  particle  to  particle  of  the  dielectric,  each  molecule  of  it  in  any  line  connect- 
ing the  two  surfaces  being  polarised,  that  is  electrified  positively  on  one  side,  and  negatively  on 
the  other.  Hence  he  was  led  to  the  idea  that  some  dielectrics  may  transmit  the  electric 
influence  with  more  facility  than  others,  and  may  assume  the  polarised  condition  with  greater  or 
less  intensity.  On  examination  this  turned  out  to  be  the  case,  and  hence  arose  his  discovery  of 
Spteifie  Inductive  Capacity.    (See  Induction,  and  Capacity,  Specific  Inductive.) 

DIFFERENTIAL  SCREW,  HUNTER'S.  So  named  from  the  principle  of  its  action,  de- 
pending on  the  difference  between  the  size  of  the  threads  of  two  screws.  The  distance  between 
the  thx«ads  of  a  screw,  on  which  its  mechanical  effect  depends,  cannot  be  indefinitely  diminished 
without  so  diminishing  the  strength  of  the  machine  as  to  make  it  practically  useless.  Hunter's 
machine  is  a  contrivance  for  increasing  tiie  power  of  the  screw  without  greatly  <^iTwmia>img  the 
stroigth  of  the  threads.  It  consists  of  two  screws,  with  threads  differing  but  Uttle  in  thinknww, 
the  smaller  working  within  the  other.  When  the  inner  screw  rises  the  larger  screw  is  made  to 
descend.  Thus,  during  one  revolution,  the  entire  movement  ib  equal  o^y  to  the  difference 
between  the  height  of  the  threads,  and  consequently  the  board  or  other  surface  used  in  com- 
pression passes  through  a  much  smaller  distance  than  in  a  simple  screw-press,  but  exerts  a 
proportionately  increased  pressure  on  the  substance  compressed. 

DIFFERENTIAL  THERMOMETER.  This  instrument  consists  of  two  glass  bulbs  con- 
taining  air,  and  separated  from  each  other  by  a  narrow  tube  in  which  there  is  a  column  of 
mercury  or  sulphuric  add.  The  tube  is  usually  bent  into  the  form  of  an  U,  the  two  bulbs  being 
uppermost.  The  bulbs  contain  the  same  quantity  of  air,  and  if  they  possess  the  same  tempera- 
ture the  air  in  each  will  obviously  possess  the  same  degree  of  elasticity,  and  the  included 
column  of  liquid  will  be  at  rest  midway  between  them.  If  now  one  of  the  bulbs  be  heated,  the 
air  within  it  will  be  expanded,  and  its  pressure  wiU  be  greater  than  that  in  the  other  bulb, 
hence  the  liquid  will  move  from  the  warmer  to  the  cooler  bulb.  It  ia  equally  obvious  that 
however  high  the  temperature  may  be,  if  both  bulbs  equally  possess  it,  there  will  be  no  motion 
of  the  liquid  column.  It  is  essentially  a  differential  action,  caused  by  the  difference  in  the 
amount  of  heat  possessed  ^  the  two  equal  volumes  of  air.  A  very  rude  instrument  of  this 
nature  ia  mentioned  by  J.  C.  Sturmius  m  his  Collegium  Experimentale  give  Ouriotum  (1676) ; 
but  the  instrument  as  described  above  was  invented  by  Sir  John  Leslie,  and  described  in  1804 
in  his  "  Experimental  Enquiry  into  the  Nature  and  Propagation  of  Heat."  Count  Rumford 
somewhat  modified  the  instrument  by  largely  increasing  the  size  of  the  bulbs,  shortening  the 
length  of  the  connecting  tube,  and  employing  a  very  short  column  of  liquid  as  an  index.  In 
both  Leslie's  and  Rumford's  thermometer  the  movement  of  the  liquid  is  indicated  by  a  graduated 
scale,  and  since  gases  expand  far  more  than  solids  or  liquids,  for  the  same  amount  of  heat,  this 
instrument  is  infinitely  more  sensitive  than  mercurial  or  alcohol  thermometers.  It  has  been 
estimated  that  by  its  means  a  change  of  not  more  than  the  6,000th  part  of  a  degree  of  Fahren- 
heit can  be  indicated.  Formerly  the  differential  thermometer  was  much  used  for  researches  on 
radiant  heat,  but  the  invention  of  the  thermo-electric  pile  by  Nobili,  and  its  application  to  the 
measurement  of  infinitely  small  temperatures  by  Melloni,  has  caused  this  latt^  instrument  to 
be  now  universally  employed  for  researches  on  radiant  heat,  and  for  all  delicate  measurements, 
such  as  Lord  Rosse's  recent  experiments  on  the  heat  of  the  moon,  and  those  of  Messrs.  Huggins 
and  Stone  on  the  heat  of  the  s&rs.  The  differential  thermometer  is  still  useful  for  lecture 
experiments,  and  a  recent  improvement  of  it  by  Professor  Matthiessen  has  greatly  increased  its 
adaptability  to  this  purpose.     (See  also  Thermcmeter;  Air  Thermometer.) 

DIFFRACTION.  {Diffrango,  die,  apart ;  and  frango,  to  break.)  A  disturbance  of  the 
straight  path  of  a  ray  of  light  occasioned  by  its  passage  close  to  the  edge  of  an  opaque  body.  The 
phenomenon  is  best  observed  by  holding  a  pin  in  a  beam  of  divergent  light,  and  allowing  its 
shadow  to  fall  on  a  sheet  of  white  paper.  The  shadow  will  not  be  sharp  and  black,  but  wm  be 
surrounded  by  luminous  fringes  tinted  with  the  colours  of  the  spectrum,  the  centre,  where  the 
black  shadow  should  be,  being  a  limiinous  line  as  if  the  pin  were  transparent.  The  explanation 
of  this  is  simple  :  the  rays  of  light  inflected  in  passing  along  one  edge  of  the  pin  meet  the  rays 
inflected  by  the  other  edige,  and  interfere,  producing  alternate  increase  and  diminution  of  wave 
length,  and  giving  rise  to  coloured  fringes  if  ordinary  light  is  used,  or  alternate  bands  of  light 
and  dajrk  if  homogeneous  light  is  employed,  the  centre  always  being  luminous.  If  the  conditions 
are  reversed,  and  the  divergent  light  passes  through  a  small  hole  in  a  plate  of  metal,  the  same 
phenomena  of  interference  are  observed  between  the  rays  passing  direct  through  the  aperture 
and  those  inflected  obliquely  by  the  edges  ;  the  central  portion  in  this  case  being  a  black  patch 
corresponding  in  shape  and  size  to  the  opening,  and  surrounded  as  before  with  coloured  frin^;es. 
Experiments  in  diffraction  may  be  varied  in  an  almost  endless  manner  by  having  holes  of  differ- 
ent sizes  and  shapes,  or  by  arranging  several  near  together.  (See  Fringes.) 
DIFFRACTION  SPECTRA.    By  arranging  the  apparatus  for  diffraction  experiments,  in 
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sodi  a  manner  that  the  coloured  fringes  are  prodaced  of  oonsiderable  dze,  and  of  the  utmost 
attainable  purity  of  tint,  a  series  of  very  beautiful  spectra  are  produced,  in  which  the  principal 
Fraunhofer  lines  are  seen.  The  best  arrangement  for  this  purpose  is  to  pass  sunli^t  through 
a  narrow  slit,  and  adjust  a  telescope  to  distinct  vision  of  the  slit.  A  yeiy  fine  grating  is  now 
placed  over  the  object  glass,  the  ban  being  parallel  with  the  slit.  This  cluinges  the  appearance 
of  the  slit  altogether ;  in  the  centre  a  luminous  line  is  seen,  while  almost  unchanged  on  each 
side  is  a  broad  black  bond,  and  beyond  this  stretch  away  a  series  of  spectra  overlapping  each 
oilier.  Those  nearest  the  centre  are  the  most  perfect^  and  show  the  iVaunhof er  Imes  to 
greatest  perfection,  and  they  gradually  fade  away  on  each  side  into  darlmem.    (Sea  jPtvtmAo/er^s 

DIFFUSION  COEFFICIENTS.  Bielstein  (Ann.  Ch.  Pharm.,  zdz.  165)  has  given  the 
following  table  of  diffusion  coefficients.  The  temperature  being  6*^0.  (42'8°F.),  the  strength 
4  per  cent.,  and  chloride  of  potassium  taken  as  unity : — 


Kames  of  Salt 

Diffiuloii 
Ck>eflieieQt. 

Kamei  of  Salt 

DUfoflion 
Co«ffld«nt. 

Chloride  of  Potassium  . 

I'OOOO 

Sulphate  of  Potassium . 
Can)onate  of  Sodium   . 

0-6987 

Nitrate  of  Potassium     .        . 

0-9487 

0-5436 

Chloride  of  Sodium 

08337 

Sulphate  of  Sodixmi      .        , 

05369 

Bichromate  of  Potassium 

07543 

Sulphate  of  Magnesium 

.        03587 

Carbonate  of  Potassium 

07371 

Sulphate  of  Copper 

03440 

DIFFUSION  OF  HEAT.  {Jhffvm^y  to  spread  abroad.)  Heat  is  readily  reflected  from 
polished  metallic  surfaces,  and  the  angle  of  incidence  of  the  rays  is  equal  to  the  angle  of  reflec- 
tion, but  there  is  also  a  certain  oblique  reflection  whereby  some  of  tbie  heat  is  diffused,  and,  so 
to  speak,  scattered  in  different  directions  irregularly. 

DIFFUSION  OF  LIGHT.  When  parallei  or  divergent  rays  of  Ught^  as  from  the  sun  or 
a  candle,  fall  upon  a  sheet  of  white  paper,  unglazed  porcelain,  ground  glass,  or  bodies  having  a 
similar  surface,  they  are  diffused  in  all  directions,  as  if  the  surface  were  self-luminous. 

DIFFUSION  OF  GASES.  The  intermizture  of  two  gases  which  axe  free  to  communicate 
with  one  another.  When  two  gases,  of  different  densities,  are  mixed,  they  do  not  separate  in 
consequence  of  gravity,  as  liquids  da  Thus  although  oxygen  is  sixteen  times  as  dense  as  hydro- 
gen, yet  if  the  two  gases  be  mixed,  they  will  not  separate  however  long  they  may  be  allowed  to 
remain  at  rest.  A^in,  when  two  gases  are  separated  by  a  porous  membrane,  an  interchange  of 
particles  takes  place  through  the  membrane,  until  ultimately  the  composition  of  the  mixture  on 
both  sides  is  the  same,  but  the  rapidity  with  which  the  interchange  is  effected  is  different  with 
different  gases.  These  are  the  two  main  features  of  the  phenomenon  of  diffusion.  The  laws 
regulating  the  nature  and  the  rapidity  of  the  intermixture  htive  been  fullv  investigated  by 
Graham,  and  may  be  illustrated  by  the  following  experiments.  Two  jars  filled  with  diflferent 
gases,  as,  for  example,  oxygen  and  hydrogen,  are  connected  by  means  of  a  long  glass  tube  pass- 
ing through  perforated  corks.  The  jar  of  hydrogen  is  placed  uppermost.  In  the  course  of  a 
few  hours  the  oxygen  will  ascend  to  the  upper  jar,  and  the  hydrogen  will  descend  to  the  lower. 
Ultimately  both  jars  will  contain  a  mixture  in  the  same  proportion,  which  will  continue  uni- 
form and  permanent.  The  same  result  will  take  place  with  any  other  gases  or  vapours  which 
do  not  act  chemically  on  one  another. 

As  a  second  experiment^  let  a  glass  vessel  be  filled  with  oxygen  gas,  tied  over  with  a 
membrane,  and  placed  under  a  bell-jar  of  hydrogen.  The  gases  w^  diffuse  through  the  porous 
membrane,  but^  after  an  interval  of  an  hour  or  more,  it  ^iU  be  found  that  the  volume  of  hvdro- 
gen,  which  has  passed  into  the  smaller  vessel,  is  greater  than  the  volume  of  oxygen  which  has 
passed  outwards,  and  the  membrane  wHl,  in  consequence^  be  distended  outwards.  If  the  small 
vessel  be  filled  witii  hydrogen,  and  tiie  bell- jar  with  oxygen  gas,  the  membrane  will  be 
concave  instead  of  convex,  showing  that  in  this  case,  as  in  the  firsts  more  hygrogen  has  passed 
through  the  membrane  outwards,  than  oxygen  gas  inwards. 

The  rates  of  diffusion  of  different  gases  may  be  compared  by  means  of  a  diffusion  tube.  This 
is  a  graduated  tube,  10  or  12  inches  long,  dosed  at  one  end  by  a  dry  plug  of  plaster  of  Paris, 
or  compressed  plumbaco.  If  the  tube  \k  filled  with  hydrogen,  and  the  open  end  be  placed  in  a 
vessel  of  mercury,  so  ^t  the  surface  of  the  mercurv,  within  and  without  the  tube,  stands  at 
the  same  level,  it  will  be  found  that  the  mercury  in  the  tube  will  immediately  b^gin  to  rise,  in 
opposition  to  gravity,  and  that»  in  a  few  minutes,  it  will  stand  several  inches  mgher  within  than 
without.  Hydrogen  will  have  passed  out  of  the  tube,  and  air  will  have  entered  through  the 
porous  plug,  but  the  passage  of  the  former  will  have  been  much  more  rapid  than  that  of  the 
latter.  By  experiments  similar  to  this,  made  with  different  gases,  Graham  has  determined  the 
lates  of  gaseous  diffoiion,  and  has  found  that  the  diffusion  volume  of  a  gas  is  in  the  inverse 


DIF 


170 


DIM 


proportion  to  the  sqitare  root  of  its  density.  Thus,  in  the  second  experiment  described  aboTe, 
since  the  densities  of  hydrogen  and  oxygen  are  as  one  to  sixteen,  and  the  square  root,  therefore, 
as  one  to  four,  four  times  as  much  hydrogen  would  pass  through  the  membrane  as  oxygen. 
The  density  of  air  is  to  that  of  hydrogen  as  I  :  '0692 ;  and  the  square  roots,  therefore,  as 
I :  '2632  ;  hence,  in  the  third  experiment,  for  every  volume  of  hydrogen  which  passed  out 
'2632  volumes  of  air  passed  in ;  or  for  eveiy  measure  of  air  passed  in  (i  by  '2632)  or  3*7994 
measures  of  hydrogen  passed  out.  Henoe,  if  air  be  taken  as  unity,  Graham's  law  gives  the 
difiPusion  volume  of  hydrogen  as  3*7994.  Actual  experiment  gives  3*83.  The  following  table 
gives  the  results  of  calculation  and  experiment,  in  the  cases  of  several  important  gases : — 


Dmaitj 
Air»i. 

Bquare 

Root 

of  Density. 

I 

Diffnsioii 

Qis. 

^  Density. 

Volume  firom 
Experiment. 

Hydrogen       • 

X>692 

•2632 

37994 

3-83 

Marsh  Gras     . 

•559 

7476 

1-3375 

1344 

Carbonic  Oxide 

•968 

0-9837 

1-0165 

1*015 

Nitrogen 

•971 

0-9856 
0*9889 

I -0147 

ix>i4 

Olefiant  Gas 

•978 

1*0112 

1*019 

Oxygen 

1*1056 

1-0515 

0-9510 

0949 

Sulphuretted  Hydrogen 

t'1912 

1-0914 

0*9162 

o*95 

Nitrous  Oxide 

•        • 

1-527 

1-2357 

0*8093 

0-82 

Carbonic  Acid 

•        • 

1-529 

1-2365 

08087 

0'8l2 

Sulphurous  Add 

•        • 

2247 

1-4991 

0*6671 

0-68 

When  a  mixture  of  gases  is  introduced  into  the  diffusion  tube,  each  preserves  the  rate  of 
diffusion  peculiar  to  itself,  so  that  a  partial  mechanical  separation  of  two  gases  of  different  densi- 
ties, which  are  mixed,  may  be  effected  by  diffusion.  If  two  gases  have  the  same  temperature, 
and  be  heated  through  the  same  number  of  degrees,  the  relation  of  their  densities  remains  nn« 
altered,  consequently  the  relative  rates  of  diffusion  also  remain  the  same,  but  since  the  density 
of  each  is  diminished  by  a  rise  of  temperature,  the  rate  of  diffusion  is  accelerated.  The  in- 
crease in  the  velocity  of  diffusion  is  not,  however,  proportional  to  the  increase  of  volume  due  to 
the  rise  of  temperature,  the  second  being  more  rapid  than  the  first,  consequently  a  given  weight 
of  gas  will  be  diffused  more  quickly  at  a  lower  than  at  a  higher  temperature.  (Graham,  PhiL 
Mag.,  1833,  vol.  ii.,  p.  352;  1840^  vol.  I;  1846,  pp.  574,  591 ;  1849,  p.  349;  1863,  pp.  385, 
and  405.) 

DIFFUSION  OF  LIQUIDS.  When  c  glass  phial,  containing  a  saline  solution  is  gently 
introduced  into  a  larger  vessel  containing  water,  or  a  solution  of  different  density  from  the  first, 
in  such  a  manner  that  they  do  not  immediately  mix,  diffusion  gradually  takes  place,  and,  after 
a  certain  time,  depending  on  the  nature  of  the  liquids,  the  temperature,  and  the  degree  of  con- 
centration, the  liquid  inside  and  outside  the  glass  phial  will  be  identical  in  composition.  These 
phenomena  were  first  minutely  investigated  by  Professor  Graham.  (See  PhiL  Trans.  1850^ 
1862.  Journal  of  the  Chem.  Soc.,  iii  &,  257  ;  iv.  83  ;  and  xv.  216.)  With  crystalline  bodies 
it  has  been  found  that  different  salts,  in  solutions  of  equal  strength,  diffuse  unequally  in  equal 
times,  and  the  rate  of  diffusion  increases  with  the  temperature,  the  general  law  for  one  salt 
being  that  the  velocity  with  which  a  soluble  salt  diffuses  from  a  stronger  into  a  weaker  solu- 
tion is  proportional  to  the  difference  of  concentration  between  two  contiguous  strata.  The  rate 
of  diffusion  coincides  in  many  cases,  the  groups  being  identical  with  those  of  isomorphous  bodies. 
Thus  hydrochloric,  hydrobromic,  and  hydriodic  acids  diffuse  at  equal  rates  ;  and  the  same  rule 
holds  good  with  the  chlorides,  bromides,  and  iodides  of  the  alkalme  metals,  with  the  sulphates 
of  magnesium  and  zinc,  &c.  Some  bodies — ^namely,  those  classed  by  Graham  as  coUoidt — 
diffuse  with  extreme  slowness.  Thus  taking  the  time  required  for  a  certain  amount  of  hydro- 
chloric acid  to  diffu'-.e,  as  unity,  the  following  table  exhibits  the  time  required  for  the  same 
quantities  of  other  substances : — 


Hydrochloric  acid, 
Chloride  of  b^xlium, 
Sugar, 


I 

2-33 
7 


Sulphate  of  magnesium,  7 

Albumen,    .        •        •        •      49 
Caramel 98 


The  two  Itetter  substances  are  coUoids.  Diffusion  takes  place  with  great  regularity  through 
tk8eptu7Aoi  bladder,  or,  ^reierAhly,  parchment  paper;  and  this  principle  has  been  applied  by 
Professor  Graham  as  the  foundation  of  a  most  important  branch  of  analysis  for  the  separation 
of  different  substances,  to  which  he  has  given  the  name  of  Dialysis,  (q.v,) 

DIGESTER.     See  PapirCs  DigeHer, 
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gives  the  following  table  in  bis  lectures  on  ooftl  gas,  delivered  before  the  Boyal  Institution  of 
Great  Britain  in  l^e  spring  of  1867: — 


Bnbttance  bnmt. 

nimnioatliig 
power. 

Babetance  bomi 

BliunJnatiiig 
power. 

Puregas, 

• 

100 

Gas  with  8  per 

cent. 

of 

air, 

42 

Graavith  i  per 

cent,  of 

air, 

§^ 

II 

9 

II 

.        36 

If         2 

n 

^ 

II 

10 

n 

33 

3 

n 

82 

II 

15 

II 

20 

.1         4 

II 

74 

II 

20 

II 

7 

S 

II 

67 

II 

30 

II 

2 

t.         6 

II 

5^ 

ft 

40 

II 

0 

II         7 

n 

47 

ins,  when  coal  ft 

asia 

burnt  with  an  admixture  of  4 

10  pe 

r  cent,  oi 

I  atm 

08P 

heric 

sir.  it  ceaaei 

to  be  luminous ;  in  fact,  the  particles  of  carbon  which  exist  in  an  ordinary  flame,  and  by  their 
incandescence  render  it  luminous,  are  now  oxidised  in  the  flame,  and  we  obtain  a  flame  similar 
to  that  afforded  by  a  Bunsen's  burner,  that  is,  of  great  heating  power,  but  no  luminosity. 

BIPHDA.     (Arabic.^    The  star  p  of  the  constellation  Cetus. 

DIP,  MAGNETIC,  is  the  angle  which  the  direction  of  a  magnetised  needle,  free  to  move 
in  the  plane  of  the  magnetic  meridian,  makes  with  the  horizontal  plane  at  the  place.  Let  a 
magnetised  needle,  free  to  turn  in  a  vertical  plane,  be  placed  so  that  that  plane  may  coincide 
witib  the  plane  of  the  magnetic  meridian,  it  will  be  found  that  in  most  localities  one  end  or 
other  will  dip  downward,  and  thus  the  direction  of  the  needle  will  make  a  certain  angle  with 
the  horizontal  plane  at  the  place.  This  angle  is  called  the  angle  of  dip,  or  the  magnetic  dip.  For 
example,  in  England,  a  needle  so  placed  dips  its  north  end  downwards,  and  the  angle  of  dip  is 
about  68^.  At  all  places  north  of  a  certain  line,  called  the  magnetic  equator,  at  which  the  dip  is  zero, 
and  which  lies  near  to  the  geographical  equator,  the  north  end  of  the  needle  dips  downwards^ 
and  the  angle  increases  as  we  go  northwards.  The  same  is  the  case  south  of  the  magnetic  equator, 
except  that  the  south  end  of  the  needle  dips  downward.     (See  also  Ma^gnetitm,  Terrettrial.) 

DIP  OF  THE  HORIZON.  The  angle  which  a  Ime  drawn  from  the  eye  to  the  apparent 
horizon  makes  with  the  plane  of  the  rational  horizon.  The  earth  being  a  sphere,  if  the  eye  is 
raised  above  the  earth's  surface,  a  line  from  the  eye  to  the  apparent  horizon — that  is,  to  the' 
farthest  visible  point  of  the  earth  in  any  direction — is  a  tangent  to  the  earth  at  that  point.  On 
the  other  hand,  the  plane  of  the  rational  horizon  is  a  tangent  plane  to  the  earth  at  the  point 
vertically  below  the  observer.  Thus  it  is  easfly  seen  that  the  dip  of  the  horizon  is  equal  to  the 
angle  between  the  vertical  at  the  observer's  station,  and  the  vertical  at  the  farthest  visible  point 
of  the  earth.  Here  no  account  has  been  taken  of  the  irregularities  of  the  earth's  surface.  Be- 
fraction  tX^o  affects  the  apparent  dip  of  the  horizon.     (See  JlefracHon,  Atm4>8pkeric.) 

DIPPING-NEEDLE.  An  instrument  for  measuring  the  angle  of  dip  or  magnetic  tndination 
at  a  given  place — ^that  is,  the  angle  which  a  magnet,  free  to  move  about  a  horizontal  axis,  and 
placed  in  the  magnetic  meridian,  makes  with  the  horizontal  plane. 

The  dipping-n^le  consists  of  a  light  magnetised  bar,  supported  by  a  horizontal  axis,  and 
thus  capable  of  turning  in  a  horizontal  plane.  The  axis  is  either  a  fine  knife  edge,  resting  on 
an  agate  plate,  or  a  d^cate  steel  wire  on  friction  rollers.  The  axis  is  at  the  centre  of  a  verti- 
cal naduated  circle,  and  the  point  of  the  needle,  or  of  an  index  attached  to  it,  moves  over  the 
graduations,  so  that  the  inclination  of  the  needle  to  the  horizontal  plane  can  be  read  off  by 
means  of  them.  This  vertical  circle  is  supported  on  a  short  vertical  pillar,  which  turns  round 
its  own  axis  at  the  centre  of  a  horizontal  graduated  circle ;  the  pillar  carries  an  arm  which 
is  furnished  at  its  extremity  with  a  vernier  and  clamping  screw,  and  the  vernier  moves  over 
the  divisions  of  the  horizontal  drcle.  A  three-legged  support,  having  levelling  screws  at  its 
f  eet^  completes  the  instrument. 

To  use  the  instrument,  it  is  first  carefully  levelled,  and  the  vertical  circle  is  then  turned 
round  upon  its  pivot  till  the  needle  stands  vertical  When  thia  is  the  case,  the  only  force  act- 
ing upon  it  is  the  vertical  component  of  the  earth's  magnetism,  and  we  know  that  in  this  case 
the  plane  of  the  circle  in  which  it  swings  must  be  at  right  angles  to  the  magnetic  meridian, 
whidi  we  thus  determine.  This  done,  ue  drde  containing  the  magnet  is  turned  through  90" 
exactiy,  by  means  of  the  vernier  moving  on  the  horizontal  circle  beneath.  Thus  the  needle 
will  be  free  to  move  in  the  plane  of  the  magnetic  meridian.  It  will  take  up  a  certain  position 
inclined  at  an  angle,  depending  on  the  locality,  to  the  horizontal  plane.  This  angle  is  read  off 
on  the  graduated  drde,  and  is  the  magnetic  dip  or  inclination  at  the  place  of  obMrx'ation. 

DIRECT  MOTION  OF  A  COMET.  A  comet  is  said  to  have  direct  motion  whenit  travels 
round  the  sim  in  the  same  direction  as  the  planets. 
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DIRECTION  OF  FORCE.  When  a  foroe  mebu  upon  a  point  at  rest,  thB  directicHi  of  the 
force  is  the  line  along  which  the  point  would  commence  to  move  if  it  were  free  to  do  so ; 
when  only  one  force  acts  upon  a  point  the  direction  of  the  force  la  the  direction  of  motion. 
Direction  is  one  of  the  properties  of  forces  which  can  be  represented  by  straight  lines,  and  on 
this  account  it  is  sometimes  termed  a  geometrical  property.  (See  Qrapkic  JUpretentadon  of 
Forcet.)     

DIRECTIVE  FORCE.  The  action  of  the  earth  upon  a  magnetised  needle  is  generally 
spoken  of  in  these  terms.  For  the  influence  of  the  earth  upon  the  magnet  is  simply  directive. 
It  tends  to  place  the  axis  of  the  magnet  in  a  certain  line,  but  there  is  no  foroe  of  translation, 
that  is,  no  tendency  to  make  the  magnet  moye  bodily  from  place  to  place.  This  may  be  shown 
experimentally  by  placing  a  magnetised  needle  on  a  piece  of  cork  floating  on  water.  The  needle, 
and  the  cork  with  it,  tonis  round  so  that  it  points  north  and  south  ;  but  it  only  turns  about  its 
centre,  and  does  not  move  either  northward  or  southward.  But  if  another  magnetised  bar  be 
brought  near  to  the  needle,  not  only  does  it  give  it  a  definite  directioQ,  but  it  luao  exerts  upon 
it  an  attractive  foroe  which  makes  the  needle  move  bodily  towards  the  bar.  The  reason  is  uiat 
in  the  latter  case  the  attracted  pole  is  sensibly  nearer  than  the  repelled  pole,  and  hence  the 
foroe  of  attraction  exerted  upon  the  needle  preponderates.  (See  AttracUon,  Mtigndic,)  In  the 
case  of  the  earth,  on  the  other  hand,  the  length  of  any  needle  or  bar  is  so  short  compared  with 
the  dJBtancfl  of  the  needle  from  the  centre  of  the  earth's  magnetic  force,  that  both  poles  of  the 
needle  are  sensibly  at  the  same  distance  from  that  point,  henoe  the  force  of  attraction  exerted  cm 
one  pole  is  equal  to  the  force  of  repulsion  exerted  on  the  other  pole,  and  there  is  no  tendency  in 
the  magnet  to  move  one  way  more  than  another.  The  force  exerted  upon  the  needle  is  of  the 
nature  of  a  wvLpU  (see  CcupCe)^  and  the  tendency  to  turn  the  magnetic  axis  into  a  certain  line- is 
measured  by  the  moment  of  the  couple ;  that  is,  the  product  of  the  number  which  expresses 
the  length  of  the  bar  and  the  number  which  expresses  the  absolute  force  exerted  on  either  end. 
The  latter  depends  upon  the  intensity  of  magnetiBation  and  on.  the  position  of  the  bar  on  the 
earth's  surface.     (See  Magnetism ;  Magnetumf  TerrettrictL) 

DIRECT  VISION  PRISM.    See  Priim,  Diireet  Vitiim, 

DISC.  (iLcKOiy  a  round  plate.)  A  term  applied  to  the  visible  surface  of  the  son,  the  moon, 
or  a  planet 

DISCHARGE.  When  an  electrified  body  loses  its  electricity  and  returns  to  its  normal  un- 
exoited  state,  it  is  said  to  be  dUcharged,  There  are  various  ways  in  which  discharge  may  take 
place. 

(a)  Disruptive  Discharge,  which  consists  in  the  breaking  through  of  the  insulating  medium 
which  surrounds  the  charged  body.  This  occurs  in  three  forms — ^the  discharge  by  a  sparky  the 
brush  discharge,  and  the  silent  or  p2oiD  discharge.  The  phenomena  of  disruptive  discharge  were 
investigated  very  completely  by  Faraday  in  connection  with  his  theory  of  induction  (Exp.  Re- 
searches, ser.  xiL,  PhiL  Trans.  1838).  Harris  (PhiL  Trans.  1834)  examined  the  laws  for  the 
electric  spark.  The  best  way  of  observing  the  spark  is  between  a  small  ball,  about  an  inch  in 
diameter,  and  one  very  much  larger ;  one  of  them  is  electrified  positively  by  means  of  a  good 
dectric  machine,  and  the  other  connected  with  the  earth.  On  turning  the  machine,  keeping 
the  balls  from  one  to  two  inches  apart,  bright  sparks  may  be  seen  passing,  accompanied  by  a 
sharp  report  like  the  cracking  of  a  whip.  At  this  distance  the  sparks  appear  to  pass  straight 
between  the  two  balls,  and  to  the  unprotected  eye  look  like  lines  of  fire  of  oonsiderable  thick- 
ness.  If  the  distance  between  the  balls  be  increased  beyond  two  inches  the  spark  takes  a 
branching  form,  having  a  root  upon  the  smaller  ball,  and  extending  with  lateral  forks  towards 
the  larger  balL  The  direction,  too,  of  the  sparks  is  crooked  and  irregular.  With  a  Winter's 
machine,  furnished  with  a  large  ring,  qiarks  may  be  obtained  from  twelve  to  fourteen  inches 
long,  wliich,  when  viewed  in  a  darkened  room,  ^ow  beautiful  branches  ando&hoots.  The  ap- 
pearance of  the  sparks  depends  somewhat  upon  whether  the  large  or  the  small  ball  is  electrified 
positively.  Hie  distance  which  the  sparks  will  pass  depends  upon  the  quantity  of  electricity 
upon  the  balls,  and  also  upon  the  nature  and  condition  of  the  insulator  or  dielectric  which  is 
between  them ;  the  kind  of  electrification  of  the  balls  also  affects  it.    EEarris  showed  that  the 

Quantity  on  the  charged  ball  required  to  produce  a  spark  varies  directiy  and  simply  with  the 
istance  between  the  balls  ;  and  that,  the  quantity  remaining  the  same,  the  distance  at  which  a 
spark  will  pass  is  greater  as  the  density  of  the  air  between  the  balls  is  less ;  or,  the  distance 
remaining  the  same,  the  quantity  required  to  produce  sparks  varies  directiy  with  the  density  of 
the  air.  Faraday  showed  that  the  nature  of  the  gas  likewiBC  affects  the  production  of  a  spark, 
and  that  not  on  account  of  the  density  of  the  gas*  He  showed  that  hydrogen  has  very  little 
fagnOfrti^g  power,  that  hydroddoric  acid  gas  has  nearly  three  times  the  insulating  power  of 
hydrogen,  nearly  twice  that  of  oxygen,  and  is  considerably  higher  than  that  of  nitr^^en,  which 
again  stands  higher  than  oxygen.   Faraday  also  found  that  the  colour  of  the  electric  spark  depends 


DIS  X73  DIS 

upon  the  mediiun  through  Tvliich  it  pasaeB.  Thus,  m  air  it  is  of  a  weU'knowu  purplish  white. 
In  nitrogen  gas  the  purple  or  red  colour  is  more  powerful  than  in  air.  In  oxygen  and  in  carbonic 
add  tiie  spark  ia  very  white,  while  in  hydrogen  its  colour  mproaches  crimson. 

The  Bnuh  Ditehaaye  is  thus  described  by  f  araday.  He  produces  it  by  attaching  to  the 
prime  conductor  of  an  electric  machine  a  metal  rod,  o '3  of  an  mch  in  diameter,  and  terminated 
by  a  rounded  end  or  small  ball ;  and,  if  necessary,  bringing  near  to  it  some  large  conducting  sur- 
face. "  The  brush,*'  he  says, "  was  obtained  by  a  powerful  machine  on  a  ball  about  07  of  an  inch  in 
diameter,  attached  to  the  positive  prime  conductor — a  short  conical  bright  part  or  root  appeared 
at  the  middle  part  of  the  ball,  projecting  directly  from  it,  which,  at  a  little  distance  from  the 
ball,  broke  out  suddenly  into  a  wide  bnuih  of  pue  ramifications,  having  a  quivering  motion,  and 
being  accompanied  at  the  same  time  with  a  low  dull  chattering  soimd.  On  usmg  a  smaller  ball 
the  general  brush  was  smaller,  and  the  sound  though  weaker  more  continuouB."  The  nature  of 
the  gas  in  which  the  brush  occurs  is  found  to  influence  the  appearance  of  it.  In  nitroeen  the 
brush  is  veiv  easily  obtained,'and  it  is  remarkably  fine  in  form,  colour,  and  in  the  light  exhibited. 
In  oxygen  the  brush  is  close  andfoompound,  and  not  so  brilliant.  In  hydrogen  it  is  better  than 
in  oxygen,  the  colour  of  it  is  greianish  sray ;  while  in  carbonic  add  gas  and  in  hydrochloric  add 
gas  it  is  difficult  to  obtain  a  brash  at  alL 

When  a  thinner  metallic  rod  than  that  described  as  above,  such  as  0'2  In.  or  even  less  in 
diameter  teiminated  by  a  conical  point,  is  attached  to  the  prime  conductor  of  an  electric  machine, 
the  glow  dUcharge  is  obtained.  It  consists  of  a  silent  steady  flame  playing  around  tiie  point  of 
the  rod  accompanied  by  powerful  currents  of  air  proceeding  from  it.  H  the  air  around  the 
point  be  rarefied,  either  by  means  of  the  air  pump  or  by  heating,  the  glow  may  be  obtained 
much  larger  and  finer  in  respect  of  light.  In  both  uie  brush  and  glow  discharge  the  appearance 
is  considerably  altered  if  the  negative  conductor  of  the  electric  machine  be  uMd  instead  of  the 
positive  or  prune  conductor. 

As  we  have  already  mentioned,  in  all  these  cases  a  breaking  down  of  the  molecular  arrange- 
ment of  the  partides  of  the  dielectric  accompanies  the  disruptive  discharge.  Induction  pre- 
cedes the  discharge,  and  by  it  the  molecules  are  thrown  into  a  strained  or  polarised  state  (see 
Induction) ;  when  the  strain  becomes  ^too  great  to  be  any  longer  sustained,  a  subyezsion  of  the 
molecules  takes  place,  and  disdiarge  is  the  consequence. 

(P)  Conductive  Discharge.  VHien  an  electrified  body  is  touched  by  a  conductor  connected 
witii  the  earth,  or  more  generally  when  two  points  having  a  difierence  of  dectric  potential,  as 
for  instance  the  two  ends  of  a  voltaic  pile  or  battery,  are  joined  by  means  of  a  conductor  a 
passage  of  dectridty,  according  to  common  phrasedogy,  or  a  ditdarge,  takes  place  :  this  is 
called  conductive  duchargcy  or  disduuge  by  conduction.  Particulars  on  the  subject  will  be  found 
under  Conductor;  Conduction, 

(7)  There  is,  iastiy,  discharge  by  eonveethn  or  coweective  discharge.  When  an  electrified  body 
is  surrounded  by  a  gas,  the  pivtides  of  the  gas,  continually  moving  from  place  to  place,  come  m 
contact  with  the  dectrified  body ;  each  little  particle  becomes  charged  and  repelled  from  the 
body,  and  thus  carries  away  a  portion  of  the  electridty.  This  is  convective  discharge.  Coulomb, 
in  investigating  the  laws  of  the  distribution  of  eleoferid^  npon  oonductorB^  was  obliged  to  take 
into  account  vie  loss  sustained  by  his  conductors  standing  changed  for  some  time  in  air.  He 
showed  that  the  quantity  lost  ly  conveatMn  tfi  a  given  time  te  prof»rtional  to  the  charge  of  tJte 
conductoTm  

DISGHAB6EB.  An  instrument  used  for  dischaxging  a  Lejden  jar,  an  dectrio  battery  or 
other  condenser,  in  order  to  avoid  the  danger  of  allowing  &e  duvge  to  pass  through  the  body  of 
the  experimenter.  It  consists  of  two  bent  brass  wires  connected  together  by  a  joint  at  one  end, 
the  other  extremities  bdng  furnished  with  knobs  of  brass  ;  thus  by  means  of  the  joint  the  knobs 
may  be  placed  at  different  distancfts  from  eadi  other.  At  the  joint  there  is  a  glass  handle,  by 
means  of  which  the  tongs  may  be  held,  glass  being  a  non^xmductor  of  dectrid^. 

DISCHARGER^  UNIY^RSAL.  An  apparatus  mudi  used  in  connection  with  Leyden 
batteries  or  heavily  charged  condensers.  On  a  convenient  stand  are  placed  two  glass  pillars 
which  are  surmounted  by  universal  joints,  and  through  each  of  these  passes  a  moveable  brass 
rod,  one  end  of  which  bears  a  ring  for  convenience  of  attachment  to  the  battery,  and  the  other 
a  knob.    Between  these  knobs  is  a  small  ivory  table,  the  height  of  which  can  be  altwed  at 

Sleasure,  and  on  whidi  may  be  placed  any  object  through  which  it  is  wished  to  pass  an  dectric 
ischarge. 

DISPERSION.  {Ditpergo,  ditpertui—di.  asunder ;  and  spargo^  to  scatter.)  ,The  dispersion 
of  light  is  its  separation  into  coloured  rays  by  passa^  through  a  prism ;  the  ainount  of  disper- 
sion varies  with  the  substance  of  the  prisnL    (See  Ihtpertion^  Confidents  of.) 

DISPERSION,  COEFFICIENTS  OF.  When  a  ray  of  light  is  passed  through  a  prism,  it 
suffers  besidee  refraction,  dispersion,  ie.,  it  is  separated  into  its  component  oolouzs.    But  for 


DIS 


174 


DIS 


the  same  amount  of  refraction  different  media  disperBe  these  colours  differently,  and  the  differ- 
ence between  the  indices  of  refraction  of  the  fixed  lines  B  and  A  produced  by  a  refracting 
medium  is  <»Ued  its  coefficient  of  dispersion,  or  simply  its  dispersion. 

The  following  table  of  Coefficients  of  Dispersion  is  an  abstract  of  one  given  by  Sir  D.  BrewBter, 
in  hia  "  Treatise  on  Optics,"  page  372-374. 


Substance. 

Coeffleients 
of  DlipenloiL 

CkMfBdenti 
of  IMipeTBion. 

Oil  of  cassia,          •        • 

0-089 

Beiyl, 

0*022 

Phosphorus,  .        .        •        . 

0-156 

Ether,    .        .        •        .        . 

OX)I2 

Bi-sulphide  of  carbon,   . 

0077 

Selenite^        .        •        •        . 

0*020 

Balsam  of  Peru,     .        •        . 

0*058 

Ahim, 

0*017 
0*018 

Oil  of  bitter  almonds,    . 

0-048 

Castor  oil,     .        .        •        . 

Oil  of  anise  seed,    ... 

0044 

Crown  glass,  green, 

0*020 

Oil  of  cumin,         .        • 

0-033 

Gum  Arabic, 

0*018 

Oil  of  cloves. 

0033 

Water 

0*012 

Oil  of  Sassafras,     . 

0032 

Citric  add,    .        .        .        . 

O'OIO 
O'OlS 

Bosin, 

0-032 

Glass  of  borax. 

Rock  salt,      .        .        •        . 

0*029 

Garnet,          .        .        .        . 

0-018 

Caoutchouc,  .        •        •        . 

0*028 

Chrysolite,     .        •        .        , 

0*022 

Flint  glass,    .        .        .        . 

0*026 

Crown  glaiss. 

0*018 

Do.,        another  sample,    , 

0-029 

Plate  glass,    .        .        .        . 

0017 

Oil  of  juniper. 

0'022 

Sulphuric  acid. 

0*014 

Nitric  acid,   .        .        •        . 

0-0x9 

Tartaric  add. 

0*016 

Canada  balsam,     • 

0'02I 

Nitre,            .        .        .        . 

0*009 

Cajeput  oil,   . 

0-021 

Borax, 

OX>I4 

Oil  of  poppy, 

0*022 

Alcohol,         .        .        .        , 

0101 1 

Zircon,          .        . 

0045 

Sulphate  of  baiyta, 

0*011 

Hydrochloric  acid,         • 

0*016 

Bock  crystal. 

0*014 

Gum  copal,    .        .        •        1 

0*024 

Borax  glass,  i  bor.  2  silica^  , 

0-014 

Nut  oil,         .        .        •        . 

0'022 

Blue  sapphire. 

0*021 

Oil  of  turpentine,  . 

0'020 

Chrysoberyl,           .        . 

0*019 

Felspar,         .        .        •        < 

0'022 

Blue  topaz,    .        .        .        , 

ox)i6 

Amber,          .        .        •        • 

0*023 

Sulphate  of  strcmtia^ 

0*015 
oocS 

Calcspar,  greatest,         • 

0-027 

Hydrocyanic  add. 

Diamond,       .        •        • 

0*056 

Fluorspar,    .        •        • 

o-oio 

Oil  of  olives, 

0*018 

Cryolite,        .        «       • 

0*007 

Gum  mastic, 

0022 

1 

DISPERSION,  EPIPOLIC.    See  Ruoreseenee. 

DISPERSION,  FALSE.    See  Fluorescence, 

DISPERSION,  INTERNAL.     See  Fluoreicenee, 

DISPERSION,  IRRATIONALITY  OF.  It  has  been  found  that  two  enbstanoes,  when 
made  into  prisms,  may  produce  spectra  of  equal  lengths,  but  in  one,  oil  of  Cassia  for  instance, 
the  blue  end  is  more  expanded  than  the  red  end,  whilst  in  the  other,  sulphuric  acid  for  instance, 
the  red  end  is  more  expanded  than  the  blue.  This  phenomenon  is  odled  the  irrationality  of  dis- 
persion, and  must  be  taken  into  account  in  the  formation  of  achromatic  lenses.  (See  AehromaHmn,) 

DISPERSION,  PARTIAL.     See  PaHial  Dispersion, 

DISPLACEMENT  OF  LIQUIDS.  If  we  take  a  vessel  exactly  brimful  of  water,  and 
totally  immerse  in  the  water  a  body  which  is  ndther  soluble  ia  the  water  nor  penetrable  by  it, 
it  is  clear  that  the  body  displaces  a  volume  of  water  equal  to  its  own  volume,  and  that  the 
volume  of  the  water,  whidi  overflows,  is  equal  to  the  volume  of  the  body  immersed.  Again,  if 
the  water  be  contained  in  a  vessel  (say  cylindrical)  of  suffident  capadty  to  reodve  the  body 
without  an  overflow  resulting,  the  water  will  rise  higher  and  higher  in  the  cylinder,  as  the  body 
sinks  beneath  its  surface  until  it  is  wholly  immersed.  In  order  that  the  body  may  M 
immersed,  an  equal  volume  of  water  must  be  lifted ;  in  other  words,  the  weight  must  be  over- 
oome  of  a  volume  of  water  equal  in  volume  to  the  body.  Consequently,  whenever  a  bodv  is 
immersed  in  a  liquid,  it  is  pressed  upwards  by  a  force  equal  to  the  weight  of  the  liquid  it 
displaces.  Whether,  therefore,  a  body  will  sink  or  rise  when  plunged  hito  the  midst  of  a 
liquid,  depends  upon  whether  the  weight  of  the  body  is  greater  or  less  than  the  weight  of  an 
equal  vohune  of  tiie  liquid.  If  the  former  is  the  case  the  body  will  sink  in  the  liquid ;  but  the 
force  with  whidi  it  sinks,  that  is,  its  weight  in  the  liquid,  must  be  less  than  its  weight  m  voctio, 
because  it  is  pressed  upwazds  by  a  force  equal  to  the  weight  of  the  liquid  diaplaoed.    Its 
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wnlriTig  force  is  therefore  equal  to  its  oiigmaL  weight,  minus  the  weight  of  an  equal 
volume  of  liquid.  If  the  body  be  lighter  than  an  equal  Tolume  of  liquid  it  wil],  if  it  have 
the  same  size  as  the  one  previously  considered,  be  drawn  to  the  earth  by  a  less  force  than 
before ;  but  it  will  be  pressed  upwards  by  a  force  equal  to  the  upward  force  in  the  former  case, 
namely,  the  force  equal  to  the  bulk  of  the  dii^laoed  liquid.  The  upward  force  will  now  be 
greater  than  the  downward  one,  and  the  body  will  rise  with  a  force  equal  to  the  difference  of 
the  two  forces  acting  on  it,  which  will,  in  this  case,  be  the  weight  of  a  volume  of  liquid  equal 
In  volume  to  the  body,  miniu  the  weight  of  the  body.  The  force  with  which  such  a  body  rises 
is  called  its  buoyancy,  11  a  body,  which  is  lighter  that  an  equal  volume  of  water,  be  held  so  as 
to  touch  the  surface  of  the  water,  and  then  let  go,  it  will  sink  until  it  floats  ;  or,  if  the  same 
body  be  allowed  to  rise  from  a  state  of  total  immersion,  until  it  floats,  it  will  attain  a  position  of 
eqmlibrium  in  which  only  a  portion  of  it  is  immersed,  that  is,  below  the  horizontal  surface  of 
the  liauid.  In  this  state  of  equilibrium  the  upward  and  downward  forces  must  be  equal.  The 
second  is  the  actual  weight  of  the  body,  the  first  is  a  force  equal  to  the  weight  of  the  liquid 
displaced.  These  principles  collectively  constitute  the  ** Principle  of  ArchitMdes.*^  The  same 
principle  becomes  more  clear  from  anoUier  method  of  consideration.  Imagine  a  vessel  of  liquid 
to  be  at  rest.  Conceive  any  volume  in  it  (say  a  cubic  inch)  to  be  isolated  from  the  rest  by  six 
rigid  walls,  without  thickness  and  without  weight.  It  is  self-evident  that  isolation  of  this  kind 
would  not  influence  the  equilibrium  either  of  the  included  or  excluded  portion.  We  know, 
however,  that  the  inclosed  portion  is  being  acted  on  by  gravity,  and  urged  down  by  its  own 
weight.  Since,  however,  it  is  at  rest,  this  downward  tendency  must  be  counteracted  by  an 
equal  and  opposite  force.  In  other  words,  the  cubic  inch  must  be  pressed  upwards  by  a  force 
equal  to  the  weight  of  a  cubic  inch  of  the  liquid.  If,  now,  we  imagine  the  rigid  cubic  inch 
to  be  emptied  of  liquid,  we  disturb  the  condition  of  equilibrium  by  removing  one  of  the 
ojmosing  forces.  Consequently,  the  cubic  inch  will  rise  with  a  force  equal  to  the  weight  of  a 
cobio  inch  of  liquid.  If  now  this  rigid,  empty,  weightless  cubio  box  be  filled  with  olive  oil,  it 
will,  indeed,  be  pressed  down  by  the  weight  of  that  cubic  inch  of  oil,  but  it  will  be  pressed 
np^rards,  as  before,  by  a  force  equal  to  the  weight  of  a  cubic  inch  of  liquid  (say  water).  Now  a 
cubio  inch  of  water  weighs  more  than  a  cubic  inch  of  olive  oil,  conseouently  the  cube  of  oil  will 
rise  with  a  force  equal  to  the  difference  of  tiiese  two  weights.  If,  however,  the  rigid  empty 
cube  be  filled  with  mercury,  it  will  be  pulled  down  by  a  force  greater  than  the  weight  of  a  cubic 
inch  of  water,  and  will  still  be  pushed  upvrards  by  a  force  equal  to  the  weight  of  a  cubic  inch  of 
water.  It  will,  therefore,  sink  with  a  force  wjqbI  to  the  difference  between  the  weights  of  a 
cubic  Inch  of  mercury  and  »  cubic  Inch  of  water. 

DISSECTED  JAB  ;  or  Jar  with  Moveable  Coatings.  Ib  used  to  show  that  in  a  charged 
Leyden  jar  the  electricity  is  distributed  upon  tiie  suif  ace  of  the  dielectric,  and  not  upon  the 
coatinga  It  consists  of  a  glass  jar,  whose  shape  Is  that  of  a  truncated  cone,  furnished  with 
coatings  of  thin  brass  plato,  or  of  tinfoil  pasted  upon  a  form  of  card-board.  The  stem 
which  carries  the  knob  of  the  jar  Is  firmly  attached  to  the  bottom  of  the  Inside  coating,  and  is 
generally  tuned  into  a  hook  at  the  top,  so  that  by  means  of  it  the  Inside  coating  may,  it  neces- 
sary, be  lifted  out  on  a  rod  of  glass.  "Wlien  the  jar  is  to  be  used  it  is  charged,  t'  i  inner  coating 
is  then  removed  by  means  of  a  glass  rod  :  otherwise  it  may  be  set  on  a  insulating  stool,  and 
removed  by  the  hand.  The  glass  jar  is  then  lifted  out  of  the  outer  coating.  The  coatings  may 
be  handled  or  applied  to  the  electroscope,  and  afterwards  replaced,  when  it  Is  found  that  the 
electricity  had  not  left  the  Jar  with  them,  the  jar  beinff  still  charged. 

DISSIMULATED  ELECTRICITY.  A  term  used  to  denote  those  parts  of  the  electric  force 
in  the  outside  and  inside  coatings  of  a  Leyden  jar  or  other  condenser  which  act  inductively 
towards  each  other  In  contradistinction  to  the  portion  which  may  be  made  to  act  towards  ex- 
ternal objects.  The  dimmulaUd  ekelrieiiy  cannot  be  discovered  by  means  of  the  proof  plane^ 
or  by  an  electroscope.    (See  Charge,  Fftit ;  and  Faraday's  Exp,  JUiBarch.,  ser.  xiv.) 

DISSIPATION  OF  ELECTRICITY.  The  gradual  loss  of  electricity,  which  a  charged 
conductor,  surrounded  by  non-conductorB,  sustains  by  means  of  them,  is  spoken  of  as  the 
dmipaUon  of  the  charge.  However  sood  the  arrangements  for  insulation  may  be,  there  is 
always  a  slow  loss  of  electricity,  and  this,  in  the  matter  of  determining  the  laws  of  attraction 
and  repukion,  and  of  the  duttribution  of  electridW  upon  the  surface  of  conductors,  becomes  a 
matter  of  very  high  importance.  Coulomb,  In  his  Investigations  of  these  laws,  arranged  his 
experiments  so  as  to  diminish  as  much  as  possible  the  loss  by  dissipation,  and  he  then  examined 
the  reasons  for  the  loss  which  his  conductors  still  sustained,  and  the  amount  of  it. 

There  are  two  chief  causes  of  loss  In  the  case  of  bodies  insulated  by  being  supported  upon  an 
Insulator,  and  surrounded  with  air.  In  the  first  place  the  insulating  support  is  never  perfect. 
Coulomb  found  that  glass  stems  are  excessively  bad  Insulators.  This  Is  due  to  the  thin  invisible 
fiLm  of  moistoie  whiSi  always  ooUeots  over  them,  unlaM  they  are  In  an-artifidally  dried  atmoa- 
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phere.  The  inmiUfcing  power  of  a  glan  stem  is  very  much  improved  by  TuniAhiiig  it  thinly 
over  with  diell-lac  diBsolved  in  nmits  of  wine.  Moisture  does  not  adhere  with  anything  like 
the  same  restdinees  to  a  glass  rod  treated  in  this  way.  For  light  bodies  Coulomb  f ovmd  that 
thin  stems  of  shell-lac  drawn  out  make  the  best  support. 

The  second  cause  of  loss  is  that  due  to  the  air  itself.  The  molecules  of  sir  in  contact  with 
the  conductor  become  charged,  and  therefore  repelled  from  the  body.  They  thus,  by  degrees, 
carry  away  the  electricity  of  the  body ;  the  amount  lost  in  a  given  time  depends  upon  the 
quantity  of  electricity  with  which  the  conductor  is  charged,  and  diminishes  as  the  charge  gets 
weskker  and  weaker,  according  to  logarithmic  law.    (See  also  Discharge, ) 

DISSOCIATION.  {JHa,  apart ;  todus,"  a  companion.)  A  term  first  employed  by  Sta 
Claire  Deville,  to  express  a  partial  decomposition  which  takes  place  when  chemi<»l  compounds 
are  exposed  to  a  very  high  temperature ;  thus,  when  a  rapid  cuirent  of  steam  is  passed  through  a 
white  hot  platinum  tube,  some  of  it  is  decomposed,  and  an  explosive  mixture  of  oxygen  and 
hydrogen  can  be  collected  by  passing  the  mixed  vapour  and  gases  into  water ;  carbonic  acid  may 
likewise  be  decomposed,  by  transmission  through  a  white  hot  porcelain  tube  filled  with  frag- 
ments of  porcelain,  into  a  mixture  of  carbonic  oxide  and  oxygen,  and  by  a  modification  of  the 
appazatuB  Deville  has  further  decomposed  carbonic  oxide  into  carbon  and  oxygen,  whidi  unites 
with  a  further  quantity  of  carbonic  oxide  to  f oim  carbonic  add.  Sulphurous  add,  under  similar 
circumstances,  may  be  resolved  into  sulphur  and  sulpUurio  add ;  and  in  the  presence  of  cold 
metallic  silver  hydrochloric  add  is  decomposed  into  its  elements.  The  decomposiUon  of  water 
into  its  elements  may  readily  be  effected  by  throwing  a  lump  of  white  hot  platinum  into  it ;  a 
copious  evolution  of  steam  takes  place,  and  along  with  tlus  bubbles  of  permanent  gas  are  seen 
to  rise,  which,  on  being  collected,  proved  to  be  mixed  oxygen  and  hydrogen  gases.  From  these 
experiments  it  is  seen  that  the  force  of  chemical  combination  appears  to  be  suspended  by  great 
heat,  so  that  at  a  high  temperature  like  that  of  the  sun  we  may  imaffine  that  chemical  elements^ 
sodi  as  oxygen,  hydrogen,  chlorine,  potassium,  ftc.,  can  exist  in  the  gaseous  state,  intimately 
mixed,  but  chemically  uncombined. 

DISSONANCE,  or  DISCORD.    See  BeaU. 

DISTILLATION.  (Ditmo,  to  drop  down  slowly.)  An  operation  by  which  a  liquid  is  con- 
verted into  vapour  by  heat,  which  vapour  is  condensed  by  cold  in  a  separate  vesseL  It  may 
be  employed  for  various  purposes ;  thus  simple  distillation  purifies  liquids ;  it  enables  a  more 
volatile  to  be  separated  from  a  less  volatile  substance;  by  its  means  a  liquid  possessiqg  a 
definite  boiling  point  may  be  separated  from  other  liquids  possessing  other  boiling  points. 
This  latter  is  known  as  fractUmoL  dUtiJjUUum,  and  is  much  used  in  we  separation  of  hydro- 
carbons, the  various  products  being  collected  at  intervaJs  of,  say  ten  degrees  of  temperature. 
Detbrwctive  dutiUation  is  a  term  applied  to  the  distillation  of  solid  organic  matter  witiiout  access 
of  air,  &c.,  usually  on  the  large  scale,  when  various  gaseous  and  liquid  products  result ;  thus 
coal  and  wood  are  submitted  to  destructive  distillation  on  the  large  scale,  and  the  iHH>dacts  in 
each  case  are  most  numerous,  and  of  vaiying  compodtions.  The  essential  parts  of  a  distilling 
apparatus  are  a  vessel  in  which  the  substance  is  heated,  called  sometimes  a  MtiUj  and  sometimes 
a  retort ;  a  cofiidenHT  or  rtfrigerator,  in  which  the  vapour  is  cooled,  and  a  receiver  in  which  the 
condensed  products  are  collected.  Distillation  was  an  important  operation  in  tiie  earliest 
alchemical  processes  of  which  we  have  any  record ;  it  does  not,  however,  appear  to  have  been 
known  before  the  time  of  Pliny. 

DISTRIBUTION,  ELECTRIC.    See  ElearottaUcs. 

DIURNAL  ABERRATION.    See  Aberration  of  the  CeUsUal  Bodies. 

DIURNAL  ROTATION  OF  THE  EARTH.    See  £arth,  Day, 

DIVERGING  RAYS.  (Dis,  asunder,  and  vergOy  to  incline.)  These  are  rays  which  start 
from  one  point,  and  spread  outwards  as  they  advance.  Light  from  a  candle  consists  of  diverg- 
ing rays ;  as  they  diverge  their  intensity  diminishes  inversely  as  the  square  of  the  distance  from 
the  point  of  emission.    The  point  whence  they  emanate  is  aUled  the  radiant  point. 

DIVING  BELL.  The  materiality  of  air  was  demonstrated  by  Atm-TiTnAnfta  who  inverted 
a  vessel,  dosed  at  one  end,  and  pressed  it  under  water  with  the  mouth  downwards.  No  air  was 
seen  to  enter,  because  air  is  matter,  and  it  is  impossible  for  two  kinds  of  matter  to  exist  in  the 
same  space.  This  experiment  may  easily  be  tried  by  depressing  a  tumbler,  mouth  downwards, 
into  a  pail  of  water,  and  if  a  cork  has  been  previously  induded  within  it,  the  upper  surface  will 
be  found  to  be  diy  when  the  tumbler  is  taken  from  the  water.  This  illustrates  the  piindple  of 
the  diving  bell,  which  is  a  contrivance  for  enabling  persons  to  descend  and  remain  below  the 
surface  of  water.  It  is  usually  of  a  bell-shape,  hence  the  name.  The  earlier  diving  bells  were 
not  supplied  with  air  from  above,  from  which  cause  the  diver  could  not  remain  long  under 
water,  as  the  air  in  the  bell  soon  became  vitiated,  and  unfit  for  respiration.  In  1788,  Smeaton 
added  a  foroe-pump  to  the  diving  bdl,  by  which  means  air  could  be  pumped  into  the  bell  from 
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above,  and  the  diver  coiild  remain  for  a  length  of  time  under  water.  Varioiui  improyements 
oozmected  with  raising  and  lowering  the  bel^  supplying  it  with  air,  and  with  light,  removing 
the  foul  air,  &c.,  were  introduced  by  Spalding,  and  by  the  Swedish  engineer,  Triewald.  The 
diving  bell  is  much  used  for  recovering  property  from  wrecks,  and  for  all  under-water  opera* 
tions  connected  with  the  foundations  of  bridgu^  &c. ' 

DIVISIBILITY.  The  property  common  to  all  substances,  by  which  they  may  be  divided 
into  particles  of  unlimited  minuteness,  each  of  which  possesses  the  qualities  of  the  original  mass. 
AH  bodies  probably  consist  of  ultimate  particles  or  molecules,  but  by  no  process  of  science  or  art 
have  the  ultimate  constituent  atoms  which  admit  of  no  further  subdivision  been  obtained. 

DOG-DAYS.     See  Canicular  Days. 

DOG-STAR.    See5«rit«. 

DOLOMITE.  A  compact  and  granular  variety  of  magnesian  limestone,  a  double  carbon- 
ate of  magnesia  and  lime. 

DORADO.  (The  Swordjish.)  One  of  Bayer's  southern  oonstellationa.  Half  of  the  greater 
Magellanic  Cloud  falls  within  this  constellation. 

DOUBLE  CONCAVE  PRISM.     See  Prismatic  Lens. 

DOUBLE  CONVEX  PRISM.     See  PrismaHc  Lens. 

DOUBLE  DECOMPOSITION,  PRIMARY  TYPES  OF.    According  to  Dr.  Odling  :— 


H'Cl' 

Chloride  or  Hydxide^ 

a'Cl' 

Ka'Q' 

Bt'Cl' 

i}o" 

Oxide  or  Hydrate. 

g}0" 

H    -N'" 

h) 

Na) 

H   VN'" 
H  / 

Et) 

H     N'" 
Hj 

H     N'" 

Nitride  or  Amide. 

I  \  N'" 
HJ 

"N"' 
H  ) 

Et) 

Et  y  N'" 

H) 

CI) 

a  y  N'" 
a) 

Na) 

Na  [  N'" 
Naj 

Et) 

Et  •  N'" 
Etj 

5) 

H    C'" 

H  [  ^"' 

H  K" 

Caxbide  or  Methlde. 

CljHjC"" 

HJ 

CljHC"" 
CUC" 

DOUBLE  IMAGE  MICR01£ETER.  This  consiBta  of  an  eye-piece  of  four  lenses,  one  of 
which  is  cut  in  half ;  each  semi-lens  being  fixed  in  a  frame  connected  with  screw  adjustment  and 
graduated  scale.  When  the  two  semi-lenses  are  together  in  the  position  they  occupied  before 
they  were  cut,  only  one  image  is  seen,  and  the  graduated  scale  &ould  mark  zero ;  but  when 
the  semi-lenses  are  moved  parallel  to  their  line  of  division,  the  single  image  divides  into  two, 
each  of  which  follows  the  movement  of  the  semi-lens  which  forms  it.  By  separating  the  axis 
in  this  manner  until  the  opposite  sides  of  the  image,  (the  moon  or  a  planet,  for  instance,)  touch, 
and  observing  the  scale  micrometer,  observations  can  readily  be  made.  See  Micrometer;  Dyna- 
meter^  Double  Imoffe. 

DOUBLE  IMAGE  PRISM.    See  Prism;  Double  Image. 

DOUBLE  REFRACTION.  Under  the  head  of  polarisation,  the  phenomena  of  double 
refraction  by  Iceland  spar  are  explained.  Few  dystals  possess  this  property  in  a  sufficiently 
high  degree  to  diow  two  images.  The  polariscope  is,  however,  a  veiy  dehcate  test  for  this 
property,  and  when  examined  in  it,  many  crystalline  and  other  bodies  are  seen  to  be  doubly 
refinKstive.  Amongst  these  may  be  mentioned  horn,  scales  of  insects,  many  animalcule,  ffelatine^ 
tmannealed  glass,  starch  grains,  hair,  sections  of  bone,  &o.  Even  a  piece  of  glass  whum  is  free 
from  double  refraction  is  seen  to  assume  this  property  when  it  is  submitted  to  a  strain  either  of 
pressure,  or  torsion.  If  this  property  is  not  strong  enough  by  itself  to  produce  colour,  a  thin 
film  of  selenite  may  be  employed  to  intensify  it.    (See  PoLarised  Light.) 

DOUBLE  REFBACTION,  POLARISATION  BY.    See  PUarisatian,  Plane. 
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DOUBLE  STABS.    See  Stan,  Double, 

DOUBLET.  A  simple  form  of  microscope  first  proposed  by  Dr.  Wollaston.  It  consists  of 
two  plano-oonyez  lenses  vhose  focal  lengths  are  in  the  proportion  of  one  to  three.  The  lens 
of  shortest  focus  is  placed  next  the  object,  and  the  convex  sides  are  tamed  towards  the  eye. 
See  Microscope. 

DOUBLE  TOUCH.  A  technical  term  applied  in  practical  magnetism  to  a  method  of 
magnetisation,  in  which  a  pair  of  powerful  bar  magnets  are  held,  inclined  to  the  bar  to  be 
magnetised,  and  with  their  unlike  poles  touching  it  and  very  nearly  touching  each  other,  and 
in  this  position  are  drawn  bacJEwsurds  and  forwards  from  end  to  end,  and  finally  lifted  off  in 
the  middle.  Magnetisation  by  double  touch  was  invented  by  Mitchell  and  perfected  by  Epinus. 
See  MagnetiscUicn. 

DOUBLY  REFRACTING  CRYSTALS.    See  OrystdU,  DoubU  Refraetum  of, 

DRACO.  (The  Dragon.)  A  large  Northern  constellation,  one  of  Ptolemy*s.  It  follows  a 
winding  course  around  the  Lesser  Bear.  This  constellation  is  interesting  as  containing  a  star 
which  has  been  supposed  to  have  been  the  first  pole-star  recognised  by  astronomers.  This  orb^ 
Alpha  Draconis,  once  far  brighter  than  at  present,  would  seem  to  have  been  near  the  place  of 
the  northern  pole  at  the  epoch  when  the  great  pyramid  was  constructed.  A  long  inclined 
passage  within  that  structure  has  a  position  indicating  that  about  2000  years  before  the 
Christian  era,  the  star  Alpha  Draconis  must  have  been  visible  from  the  lower  end  of  the  passage 
(and  therefore  in  the  day-time  as  well  as  by  night)  at  its  lower  meridional  passage.  Draco 
contains  a  planetary  nebula  (close  by  the  pole  of  the  ecliptic,)  which  was  the  fint  whose  gaseity 
was  detected  by  Mr.  Huggins. 

DROPS.  The  size  of  a  drop  furnishes  data  for  determining  the  relative  cohesions  of  two 
liquids.  That  size  depends,  (i.)  Upon  the  attraction  of  cohesion  of  the  liquid ;  (2.)  Its  adhesion 
to  the  matter  upon  which  the  drop  is  formed ;  (3.)  The  shape  of  the  matter  from  which  the  drop 
moves ;  (4.)  The  physical  relation  of  the  medium  through  which  the  drop  moves  on  the  one 
hand,  to  the  liqtdd  of  which  the  drop  is  formed,  and  on  the  other,  to  the  matter  on  which  it  is 
formed  ;  (5.)  The  rate  at  which  drops  succeed  one  another.  The  following  are  the  chief  oonchi- 
sions  arrived  at  by  Professor  Guthrie  with  regard  to  the  size  of  a  drop  under  different 
conditions  (Proceedings,  R.  Soc,  xiii.,  pp.  444,  457.)  Law  i.  The  drop-size  depends  upon  the 
rate  of  dropping ;  generally,  the  quicker  the  succession  the  greater  the  drop.  The  slower  the 
rate,  the  more  strictly  is  this  the  case.  This  law  depends  upon  the  difference,  at  different  rates, 
of  the  thickness  of  the  film  from  which  the  drop  falls.  Law  2.  The  drop-size  depends  upon  the 
nature  and  quantity  of  the  solid  which  the  dropping  liquid  holds  in  solution.  If  the  liquid 
stands  in  no  chemical  relation  to  the  solid,  in  general  the  droprsize  diminishes  as  the  qtiantity 
of  solid  contained  in  the  liquid  increases.  The  cohesion  of  the  liquid  is  diminished  by  the 
dissolved  solid.  Law  3.  The  drop-size  depends  upon  the  chemical  nature  of  the  dropping 
liquid,  and  only  in  a  secondary  degree  upon  its  density.  Of  all  liquids  examined,  water  has  the 
greatest  drop-size.  Law  4.  The  drop-size  depends  upon  the  geometric  relation  between  the 
solid  and  liquid.  If  the  solid  be  spherical,  the  largest  drops  fall  from  the  largest  spheres. 
Absolute  difference  of  radii  takes  a  greater  dffect  upon  drops  formed  from  smaller,  than  upon 
those  formed  from  larger  spheres.  Of  circular  horizontal  planes,  within  certain  limits  (with 
small  planes),  the  size  of  the  drop  varies  directly  with  the  size  of  the  plane.  Law  5.  The  drop- 
size  depends  upon  the  chemical  nature  of  the  solid  from  which  the  drop  falls,  and  little  or 
nothing  upon  its  density.  Of  all  the  solids  examined,  antimony  delivers  the  smallest,  and  tin 
the  la^st  drops.  Law  6.  The  drop-size  depends  upon  temperature.  Generally  the  higher 
the  temperature  the  smaller  the  drop.  With  water  about  86°  F.  a  change  of  36""  F.  effects  small 
alteration.  Law  7.  The  nature  or  tension  of  the  gaseous  medium  has  little  or  no  effect  upon 
drop-size.  « 

The  above  laws  apply  to  a  liquid  dropping  from  a  solid  through  a  gas.  If  a  liquid  drops 
from  a  solid  through  a  liquid,  tiie  drop  may  ascend  or  descend^  according  to  the  relative 
densities.  The  following  are  the  genenJ  laws  observed.  Law  8.  The  drop-size  of  a  liquid 
which,  under  like  conditions,  drops  through  various  media,  does  not  depend  wholly  upon  the 
density  of  the  medium,  and  consequent  variation  in  weight  in  the  medium,  of  the  dropping 
liquid.  Law  9.  If  there  be  two  liquids,  A  and  B,  which  drop  under  like  conditions  through 
air,  and  the  drop-size  of  the  one,  A,  be  greater  than  the  drop-size  of  the  other,  B ;  then  if  a  th^rd 
liquid,  C,  be  made  to  drop  through  A  and  through  B,  the  drop-size  of  C  through  A  is  greater 
than  its  drop-size  through  B.  Law  10.  If  the  drop-size  of  A  through  B  be  greater  t£ui  the 
drop-size  of  A  through  C,  then  the  drop-size  of  a  fourth  liquid,  D,  through  B  is  also  greater  than 
the  drop-size  of  D  througii  C.  Law  11.  If  a  liquid.  A,  drop  under  like  conditions,  in  succession, 
through  two  liquids,  B  and  C,  then  its  drop-size  through  any  mixture  of  B  and  C  is  intermeaiate 
between  its  drop-size  through  B  and  its  diopniize  through  C ;  and  the  greater  proportion  of  one 
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ol  the  oonstitaents  in  the  liquid  the  more  nearly  does  the  drop-dze  of  A,  through  the  mixture, 
approach  to  its  drop^ize  through  that  constituent  alone.  Luid  12.  The  drop-size  of  the  mixture 
of  any  two  liquids,  A  and  B,  dropping  through  a  third  liquid,  C,  is  intermediate  between  the 
drop-dze  of  A  through  G,  and  that  of  B  through  G  ;  and  the  greater  the  proportion  of  one 
ooDstitaent  in  the  mixture,  the  more  nearly  does  the  drop4dze  of  the  mixture  approach  to  that 
of  that  constituent.  Imw  13.  If  the  liquid  X  has  a  larger  drop-size  than  the  liquid  Y  in  the 
liquid  Z,  then  the  liquid  Z  has  a  larger  drop-size  in  X  than  it  has  in  T.  Lav)  14.  If  a  liquid 
X  has  a  larger  drop-size  in  air  than  a  liquid  T,  then  the  drop-size  of  X  through  Y  is  larger 
than  the  drop-size  of  Y  through  X.  Lom  15.  If  the  drop-size  of  X  be  greater  than  the  drop- 
size  of  Y  in  air,  and  the  drop-size  of  Y  be  greater  than  tiie  drop-size  of  Z  in  air,  then  the  ratio 
between  the  drop-sizes  of  X  in  any  mixture  of  Y  and  Z,  and  the  drop-size  of  that  mixture  of  Y 
aid  Z  in  X  is  greatest  when  the  ratio  between  the  drop-sizes  of  Y  and  Z  is  nearest  to 
unity. 

DRUMMOND  LIGHT.    (So  named  from  Lieut.  Drommond^  the  inyentor.)    See  lAme 
Light. 

D^'Y  FILE.  This  apparatus  is  an  ordinazy  Voltaic  pile,  in  which  the  liqiud  is  replaced  by 

some  hygrometric  substance,  such  as  paper  which  has  been  moistened  with  sugar  and  water, 

and  allowed  to  dry.    Zamboni's  dry  pile,  which  is  one  of  the  most  common,  is  constructed  in  the 

following  way.    Paper  so  prepared  is  silyered  or  tinned  on  one  side,  and  coyered  on  the  other  with 

finely  ground  black  oxide  of  manganese,  which,  being  slightly  moistened,  may  be  rubbed  on 

with  a  cork.    From  one  to  two  thousand  discs  of  this  paper  are  cut  with  a  punch,  and  put  into 

a  glass  tube,  arranged  so  that  the  silver  of  one  disc  may  be  in  contact  with  the  manganese  of 

the  next.     The  tube  is  closed  at  each  end  with  a  brass  cap  furnished  with  a  knob.    The  knob 

at  the  manganese  end  is  positively  electrified,  that  at  the  other  end  negatively.     A  pile,  such 

as  we  have  described,  and  consisting  of  20cx>  discs,  wiU  charge  a  Leyden  jar  or  condenser.    The 

pile  lasts  for  a  very  long  time,  often  for  many  years.    If  over  dried,  however,  it  loses  its  power 

at  least  temporarily,  not  recovering  it  till  it  has  absorbed  moisture  from  the  air. 

DUBHE.    (Arabic.)    The  star  a  of  the  constellation  Ursa  Major.     It  is  a  variable  star. 

DUCTILITY.    {Duco,  to  lead,  draw  out ;  duetUit,  capable  of  being  drawn  out.)    A  property, 

belonging  chiefly  to  certain  metab,  by  which  they  are  capable  of  being  drawn  out  into  wire  ; 

that  is,  of  being  increased  in  length  and  diminished  in  thickness,  without  fracture.    The  most 

ductile  substances,  with  which  we  are  familiar,  are  gold,  silver,  platinum,  iron,  and  softened 

glass.   Wollaston  obtained  a  platinum  wire  of  0*00003  of  an  inch  in  diamet^,  by  first  coating  a 

fine  platinum  wire  with  silver,  and  drawing  the  cylinder,  thus  formed,  into  as  fine  a  wire  as 

possible,  and  then  dissolving  the  silver  in  <ulute  nitric  acid.    By  this  means  a  platinum  wire 

was  obtained,  having  a  diameter  so  fine  that  1060  yards  of  it  weighed  only  three-quarters  of  a 

grain.     (Bee  MaUetMUy. ) 

DUTCH  TEARS.    See  Prince  Rupert's  Droja, 

DYN AM.  A  term  proposed  by  Dr.  WheweU  for  the  unit  of  work  or  dynamical  unit.  See 
Dj/namical  Unit. 

DYNAMETEB.  {Swafui,  force ;  fi£Tp4<a,  to  measure.)  An  instrument  for  measuring  the 
intensity  or  magnitude  of  forces  derived  from  different  sources.    See  Force;  Spring-Balance, 

DYNAMETEB)  DOUBLE  IMAGE.  In  optics  an  instrument  for  measuring  the  power 
of  a  telescope.  It  acts  by  enabling  the  observer  to  measure  the  image  of  an  object-glass  upon 
^he  eye-glass.  The  simple  dynameter  consists  essentially  of  a  small  compound  microscope, 
containing  a  graduated  scjeJc,  which  is  placed  against  the  eye-piece  of  the  telescope  ;  the  image 
of  the  object-glass  is  then  measured  by  comparison  with  this  scale.  The  double  image  dyna- 
meter is  a  similar  instrument,  but  containing  two  semi-lenses,  one  of  which  is  moved  by  a 
micrometer  screw.  The  measurement  is  here  obtained  by  observing  the  contacts  on  opposite 
sides  of  the  two  circular  discs  representing  the  object-glass.  (See  Double-Image  Micro- 
meter.) 

DYNAMICAL  UNIT.  A  unit  adopted  in  measuring  or  comparing  mechanical  forces  which 
produce  motion.  It  is  usually  the  force  required  to  lift  a  given  unit  of  weight.  In  this  country 
the  units  adopted  are  the  foot-pound,  and  ihe  horse-power ;  in  France  the  kilogrammetre,  and 
the  cheval-vapeur,  (see  these  terms).  Since  every  resistance  can  be  estimated  in  pounds,  and 
every  space  in  feet,  the  force  which  will  overcome  a  given  resLstance  through  a  given  space  can 
always  be  measured  in  foot-pounds.     (See  Foot-Pound.) 

DYNAMIC  ABSOBPTION  OP  GASES  AND  VAPOUBS.  See  JDyMmie  Heating  oj 
Gates. 

DYNAMIC  HEATING  OF  GASES.  When  the  receiver  of  an  air-pump  is  exhausted 
cold  is  produced,  as  is  shown  by  the  deposit  of  moisture  on  the  inside  of  the  receiver,  and  by 
the  slight  haainftHs  which  follows  the  first  few  rapid  strokes  of  the  pump ;  moreover,  a  delicate 
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thermometer,  when  placed  in  the  receiver,  indicates  cold.  When  the  air  is  re-admitted  the 
deposit  of  moisture  disappears,  and  the  thermometer  indicates  warmth.  The  chilling  lesnlta 
from  the  fact  that  the  air  in  expanding  performs  work,  and  a  certain  amount  of  heat  is  thns 
removed  from  the  gas,  which  is  no  longer  able  to  retain  its  aqueous  vapour ;  the  latter  is  there- 
fore deposited  on  ti^e  sides  of  the  receiver.  When  air  is  aLjwed  to  rush  into  the  vacuum  it 
strikes  against  the  sides  of  the  receiver,  smd  its  motion  is  converted  into  heat,  hence  results  the 
warming,  and  the  disappearance  of  the  deposited  vapour.  The  air  has  been  heated  dynamically  ; 
it  has  been  heated  by  the  impact  of  its  own  molecules ;  by  the  resolution  of  their  motion  of 
translation  into  the  motion  of  heat. 

Professor  Tyndall,  in  the  course  of  his  experiments  on  the  radiation  of  heat  by  gases,  used  a 
glass  tube  closed  at  both  ends  by  rock-salt  plates,  and  capable  of  being  exhausted  by  an  air- 
pump,  it  was  subsequently  filled  with  any  gas  or  vapour  that  might  be  desired,  at  any  given 
pressure.  In  front  of  one  of  the  rocknsalt  plates  a  very  delicate  thermopile  was  placed  to 
indicate  the  amount  of  absOTption,  or  radiation  of  heat,  by  the  gas  within  the  tube.  On  one 
occasion  the  tube  contained  a  small  quantity  of  alcohol  vapour,  and  the  absorption  of  heat 
(issuing  from  a  cube  of  hot  water  at  the  remote  end  of  the  tube)  by  this  vapoiur  was  consider- 
able. On  admitting  air  into  the  tube  the  absorption  was  neutralised,  radiation  from  the  vapour 
took  place,  and  heat  was  indicated.  The  external  source  of  heat  was  now  omitted,  and  the 
apparatus  arranged  as  follows  : — The  glass  tube  had  one  end  closed  by  a  rock-salt  plate,  the 
other  by  a  plate  of  glass,  and  the  thermoelectric  pile  was  placed  opposite  the  rock-salt  plate. 
The  tube  was  exhausted  as  completely  as  possible,  and  air  then  pennitted  to  enter  the  tube ; 
the  air  became  dynamically  heated,  and  the  needle  of  the  galvanometer,  connected  with  the 
thermopile,  moved  through  an  arc  of  7^  Now  air  is  a  very  bad  radiator  of  heat,  and  tiiis 
indication  arose  from  the  heat  of  the  warmed  air  being  radiated  from  the  surface  >f  the  tube. 
This  was  proved  by  lining  the  inside  of  the  tube  with  black  paper,  when,  on  repeating  the 
experiment,  the  needle  of  the  galvanometer  moved  through  an  arc  of  70**^  because  the  black 
paper  absorbed  and  radiated  more  heat  than  the  glass.  The  lining  was  now  removed  from  the 
tube,  which  was  exhausted,  and  nitrous  oxide  gas  was  allowed  to  ent^ ;  it  became  heated  dynami- 
cally,  and  the  needle  of  the  galvanometer  showed  a  deflection  of  28**,  proving  that  nitrous  oxide 
radiates  better  than  air.  When  the  tube  was  exhausted  the  gas  was  chilled,  and  the  needle 
moved  through  20°  in  an  opposite  direction.  With  defiant  gas  the  deflection  due  to  heating 
was  67**,  and  the  deflection  due  to  cooling  40°.  Tyndall  calls  Sie  heating  of  the  gas,  on  entering 
the  vacuom,  the  dynamia  heating  of  gases;  the  radiation  which  follows,  dynamic  radiaiunif  ana 
the  absorption  of  heat  when  the  gas  is  pumped  out  and  chilled  by  performing  work,  dynamu 
ixbsorption.  The  following  table  shows  the  dynamic  radiation  of  certain  gases,  in  degrees  of 
arc,  through  which  the  n^dle  of  the  galvanometer  moved  on  the  first  admission  of  the  gas  into 
the  vacuous  tube.    The  results  are  obviously  relative. 


Dtnaxic  Badiatios  of  Gases.    (TyndaU,) 

Air 7" 

Oxygen 7 

Hydrogen       •        •        •        •  7 

Nitrogen         .        •        •        «  7 


Carbonic  oxide       •        •  •  19* 

Carbonic  add        •        •  •  21 

Nitrous  oxide         .  •  31 

defiant  gas  ...  63 


These  results  agree  with  those  determined  by  a  different  method  for  the  same  gases. 

The  dynamic  raidiation  of  the  first  four  gases  is,  as  we  see,  vezy  slight,  and  presumably,  ac 
before  stated,  is  the  radiation  of  the  heat  of  the  wanned  gas  by  the  sides  of  the  tube ;  but  i£ 
while  we  heat  any  one  of  these  gases  dynamically,  we  mix  with  it  a  very  small  amount  of  a 
gas  or  vapour  which  is  a  good  radiator  of  heat,  the  heated  gas  transmits  its  heat  thiou£^  the 
medium  of  the  vapour,  just  as  in  the  case  of  a  polished  cube  containing  hot  water,  which 
radiates  but  slightly  until  its  surface  is  blackened,  or  rendered  rough,  or  varnished  A  smaD 
quantity  of  the  vapour  of  acetic  ether  was  allowed  to  pass  into*  the  exhausted  tube  described 
above  ;  now  this  substance  is  a  powerful  absorber  and  radiator  of  heat,  and  when  oxygen  wac 
allowed  to  rush  into  the  vacuum,  the  deflection  of  the  galvanometer  needle  instead  of  being 
7°,  as  in  the  case  of  the  gas  alone,  was  70°,  because  the  heat  of  the  dynamically  heated  oxygen 
had  been  communicated  to  the  molecules  of  acetic  ether  vapour,  and  by  them  radiated.  l\ndaU 
calls  this  the  varnishing  of  a  gas  by  a  vapour,  in  allusion  to  the  analogous  varnishing  of  a  bright 
metal.  On  exhausting  the  tube  cold  was  produced,  the  vapour  now  absorbed  heat  from  the 
thermopile,  instead  of  radiating  heat  upon  it,  and  the  needle  moved  to  nearly  45**  in  the 
opposite  direction— that  is,  in  the  direction  of  cold.  By  this  means  the  following  results  were 
obtained ;  (they  are  given  as  before  in  degrees  of  arc,  through  which  the  needle  of  the  galvano- 
meter was  deflected,  and  are  hence  strictly  relative). 
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Dtkamio  Radiation  and  Absobption  or  Vapoubb. 


Bisulphide  of  carbon 
ludide  oi  methyl    . 
Benzol    . 
Iodide  of  ethyl 
Methylic  alcohol     . 
Chloride  of  amyl    . 


BadlAtion. 

14" 
20 

30 

34 
36 
41 


AbtozptioiL 
6* 
8 

14 
16 

18 
23 


Amylene 
Alcohol 
Sulphuric  ether 
Formic  ether 
Acetic  ether  «. 


(^doZZ.) 

Sadlation. 

AbBorptton* 

.        48' 

26» 

:    K 
.    69 

28 

•    70 

43 

The  radiation  and  absorption  are  here  seen  to  increase  and  diminish  together,  as  is  the  case 
when  a  source  of  heat  external  to  the  gas  is  employed  for  similar  experiments.  An  extremely 
minute  quantity  of  a  good  radiator  has  a  greater  effect  than  a  large  quantity  of  a  bad  radiator. 
The  vapour  of  boracic  ether  exceeds  all  oUiers  as  an  absorber  and  radiator  of  heat.  The  tube 
employed  in  the  foregoing  experiments  was  perfectly  exhausted,  and  a  quantity  of  boracic  ether 
T»poar,  equal  in  pressure  to  ~th  of  the  atmospheric  pressure,  was  introduced ;  on  admitting 
dry  air  into  the  vacuum  the  needle  of  the  galvanometer  was  deflected  through  56°  of  arc  by 
the  dynamic  heating  of  the  air  due  to  impact,  and  the  dynamic  radiation  of  the  heat  so 
generated,  by  the  trace  of  boracic  ether  vapour  in  the  tube.  The  tube  was  again  and  sucoea- 
nvely  exhausted,  until  the  pressure  of  boracic  ether  vapour  amounted  to  ui^ooobth  of  an  atmos- 
phere ;  the  deflection  was  now  14°,  and  allowing  7**  for  the  radiation  from  the  interior  of  the 
tube  from  direct  warming  by  the  djmamically  heated  sir,  we  have  7**  for  the  dynamic  radiation 
of  a  quantity  of  boracic  ether  vapour  which  would  have  to  be  increased  more  than  one  thousand 
million  fold  before  its  pressure  would  equal  that  of  the  atmosphere.  Even  a  quantity  of  vapour 
amounting  to  uigrsdoooob^^  ^^  ^"^  atmosphere  furnished  a  sensible  dynamic  radiation. 

DYNAMIC  RADIATION  OF  GASES  AND  VAPOURS.  See  Dynamic  Heating  0/ 
Oaaet, 

DYNAMICS.  (8vm/ds^  force  or  power.)  The  science  which  treats  of  the  action  of  force 
in  producing  motion.  It  is  a  branch  of  mechanics,  and  treats  of  bodies  not  in  equilibrium,  as 
statics  treats  of  bodies  at  rest.  Dynamics  is  divided  into  two  parts — kinemaiicMf  which  investi- 
gates the  drcumstanoes  of  mere  motion  without  reference  to  the  bodies  moved,  the  forces  pro- 
ducing the  motion,  or  to  the  forces  called  into  action  by  the  motion ;  and  kinetics^  which  inves- 
tigate the  nature  and  relation  of  the  forces  which  produce  motion. 

Dynamics  has  to  do  with  the  primary  conceptions  of  space,  matter,  time,  and  velocity,  each 
of  which  admits  of  numerical  estimation  by  comparison  with  units  arbitnrily  chosen  ;  hence 
dynamics  is  a  science  of  numbers.  It  is  usual  to  consider  the  subject  in  two  parts,  the  dyna- 
mics of  a  particle,  and  the  dynamics  of  a  rigid  body.  The  science  owes  its  origin  to  Galileo,  to 
whom  is  due  the  law  of  the  acceleration  of  falling  oodles.  Huygheus  added  the  theories  of  the 
pendulum  and  centrifugal  force,  and  Newton  developed  the  science,  and  applied  to  it  the  infini- 
teomal  calculus.  Further  information  will  be  afforded  by  the  following  works : — Professor 
Cayley's  Report  on  the  Recent  Progress  of  Theoretical  Dynamics  at  the  British  Association, 
1857,  Lagrange's  Mecanique  Analytique,  and  Poisson  s  Traits  de  Mecaiuque.  (See  Aecdavt- 
Isbn  ;  Central  Forces ;  Falling  Bodvet ;  Latm  of  Motion  ;  Pendtdum,) 

DYNAMOMETER,  CHROMATIC.  An  instrument  devised  by  Sir  David  Brewster  for 
measuring  intensity  of  force,  founded  on  the  phenomena  of  polarisetf  light.  (See  Polariscope  ; 
jyoiuhle  JRrfraction.)  It  consists  of  a  bundle  of  narrow  and  thick  plates  of  glass,  fixed  at  CAch 
end  in  brass  caps.  Then  when  any  force  is  applied  to  a  ring  in  the  centre  of  the  bundle,  they 
assume  double  refractinff  properties,  rendered  evident  in  the  polariscope  hj  the  production  of 
bands  of  colour ;  from  the  width  and  intensity  of  these  bands  the  amount  ox  force  can  be  ascer- 
tained. 


EAR. — ^The  ear  as  an  aoonstical  insfcrnment.  The  oigan  of  hearing  may  be  considered  in 
three  parts — ^Uie  external  ear,  the  tympanum  or  middle  ear,  and  the  labyrinth  or  internal  ear. 
The  external  ear  consists  of  the  pinn%  the  part  of  the  outer  ear  which  projects  from  ^e  side  of 
the  head ;  and  the  meatus,  or  passage  whioi  leads  to  the  ir^panum.  llie  extremity  of  this 
passage  is  dosed  by  a  membrane  {membrema  tympam),  which  therefore  separates  the  external 
^om  the  middle  ear.  The  pinna  or  auricle  is  concave^  and  is  thrown  into  various  elevationB 
and  hollows,  which  so  reflect  the  undulationB  of  sound,  as  to  collect  and  concentrate  them 
within  the  auditory  canal  (meotos  auditoritu  extenUt),  by  which  they  are  conveyed  to  the 
middle  chamber  of  the  ear. 
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The  middle  ear  or  tympanum  is  a  narrow  irregular  cavity  in  the  substance  of  the  temp(»Bl 
bone,  filled  with  air  by  means  of  the  Eustachian  tube  from  the  pharynx  or  back  of  the  montiL 
It  containB  a  chain  of  small  bones,  by  means  of  which  the  vibrations,  communicated  from  with* 
out  to  the  membrana  tympani,  are  in  part  conveyed  across  the  cavity  to  the  inner  wall  of  the 
tympanum.  These  bones  have  been  named  from  their  shape  respectively  the  maUeus,  the  incua, 
tne  08  orbicidare,  and  the  stapes.  The  handle  of  the  malleus  descends  between  the  two  inner 
layers  of  the  membrane  to  a  little  below  the  centre,  where  it  is  fixed,  drawing  the  centre  of  the 
membrane  inwards,  so  as  to  give  it  the  shape  of  a  shallow  cone.  The  inner  wall  of  the  middle 
ear,  separating  it  from  the  internal  ear,  is  very  uneven,  presenting  several  elevations  and  fora- 
mina. Near  its  upper  part  is  a  reniform  opening  (the  fenestra  ovalis)  which  is  occupied  by 
the  base  of  the  stapes.  Above  this  point  is  a  uightly  oval  aperture  (the  fenestra  rotunda), 
which  is  closed  by  another  membrane,  and  connects  the  tympanum  with  a  part  of  the  internal 
ear  termed  the  cochlea. 

The  internal  ear  or  labyrinth  is  the  sentient  portion  of  the  organ  of  hearing.  It  is  hollowed 
out  of  the  petrous  portion  of  the  temporal  bone.  It  consists  of  two  cavities,  the  osseous  or 
bony  labyrinth,  and  the  membranous  labyrinth,  the  former  of  which  contains  the  latter.  The 
osseous  labyrinth  is  divided  into  three  parts — ^the  vestibule,  the  semicircular  canals,  and  the 
cochlea,  all  of  which  are  lined  throughout  by  a  thin  membrane,  and  enclose  a  dear  fluid  named 
perilymph.  The  membranous  labyrinth  has  a  general  resemblance  in  form  to  the  complicated 
cavity  in  which  it  is  contained,  and  has,  therefore,  five  jwrts  corresponding  to  the  vestibule, 
three  semicircular  canals,  and  the  cochlea.  It  contains  a  liquid  termed  enddymph.  Over  this 
membranous  structure  the  ultimate  ramifications  of  the  auditory  nerve  are  spread.  Thus  the 
conditions  necessary  to  the  sensation  of  hearing  are  realised.  The  vibrations  of  the  air  are 
oollected  and  concentrated  by  the  external  ear,  and  conveyed  to  the  membrana  tympani  ;  they 
are  thence  transmitted  to  the  internal  ear  partly  by  the  air  within  the  tympanum,  partly  by 
the  chain  of  bones,  and  partiy  by  the  walls  of  the  cavity.  The  vibrations  of  the  membrane  of 
the  fenestras  are  then  transmitted  to  the  fluid  of  the  labyrinths,  and  to  the  auditory  nerve,  and 
this  nerve  transmits  its  impressions  to  the  brain,  and  gives  the  sensation  of  hearing.  (For 
further  description  see  Quain's  Anatomy,  and  Bain  on  the  Human  Mind,) 

EARTH,  THE.  The  globe  on  which  we  live,  and  the  third  planet  in  order  of  distance  from 
the  sun.  The  earth  travels  at  a  mean  distance  of  91,430,000  miles  from  the  sun.  The  eccen- 
tricity of  her  orbit,  though  not  sufficient  to  make  its  figure  appreciably  elliptical,  yet  is  such  that 
in  perihelion  she  is  1,533,000  miles  nearer  to  the  sun,  and  in  aphelion  as  mucn  further  from 
him  than  when  at  her  mean  distance.  The  earth's  revolution  around  the  sun  is  accomplished 
in  365'2564  days.  (See  Year.)  The  mean  diameter  of  the  earth  is  7912  miles,  the  polar  diameter 
7898  miles,  the  equatorial  7926  miles.  The  density  of  the  earth  is  about  54  times  that  of 
water.    She  rotates  once  upon  her  axis  in  23h.  56m.  4s.  of  mean  solar  time.     (See  Day,) 

The  Motions  of  the  Earth,  The  most  obvious  of  all  astronomical  facts,  the  apparent  diurnal 
motion  of  the  sun,  appears  to  have  suggested  in  very  early  times  the  idea  that  the  earth  rotates 
upon  her  axis ;  though,  until  a  comparatively  recent  epodi  the  number  of  those  astronomers, 
who  believed  in  the  absolute  fixity  of  the  earth,  largely  exceeded  the  number  of  those  who  were 
bold  enough  to  assert  that  she  is  in  motion,  either  on  her  axis  or  around  the  sun.  And,  indeed, 
it  must  not  be  forgotten  in  forming  an  opinion  respecting  the  theories  of  andent  astronomers, 
that  the  evidence  on  which  the  accepted  theories  in  our  day  are  founded,  was  for  the  most  part 
unknown  to  them.  The  whole  system  of  modem  astronomy  is  founded  on  evidence  of  a  most 
complicated  character,  no  one  part  of  the  system  being  separable  from  the  rest.  So  that  our 
belief  in  the  earth's  rotation  is  derived  from  evidence  bearing  on  the  revolution  of  the  earth  on 
the  earth's  figure,  on  the  law  of  gravitation,  and  so  on ;  and  in  turn  the  rotation  of  the  earth 
supplies  evidence  in  favour  of  each  of  those  other  relations. 

So  far  as  the  apparent  motions  of  the  heavenly  bodies  seen  from  any  one  station  on  the  earth 
are  considered,  there  is  nothing  to  prove  that  the  earth  is  really  in  motion.  But  when  we 
notice  the  effects  which  appear  on  a  change  of  station,  when,  extending  our  researches  north- 
wards or  southwards,  we  find  the  apparent  axis  of  the  earth's  rotation  i»>iiffeiTig  its  position  ;  and 
when  voyaging  towards  the  east  or  west  we  find  the  actual  progress  of  the  diurnal  cdeetial 
motions  appreciably  affected  as  regards  the  time  of  thdr  occurrence,  the  idea  presents  itself  that 
the  diurnal  motion  is  due  to  a  motion  of  the  earth  upon  her  axis.  For  the  evidence  adduced, 
when  such  inquiries  have  been  extended  to  the  whole  surface  of  the  earth,  proves  the  earth  to 
be  globe-shaped,  to  be  suspended  freely  in  space,  to  be  minute  compared  with  the  distances 
separating  her  from  the  celestial  bodies ;  so  that  the  idea  is  suggested  that  far  more  probably 
this  relativdy  small  globe  turns  on  its  axis,  than  that  those  bodies  obviously  so  distant  and 
presumably  so  vast,  travd  each  day  around  the  enormous  dzdes  which  they  would  have  to 
traverse  if  their  diurnal  motions  were  reaL 
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Then,  agam,  the  proof  of  the  earth's  rotation  depends  in  large  part  on  the  proof  of  the  earth's 
zevx>lation.  Observation  shows  that  besides  their  apparent  diunial  motion,  the  sun  and  a  certain 
number  of  the  stars  have  motions  upon  the  celestial  sphere,  the  sun  seeming  to  circle  once  a  year 
round  that  sphere,  and  those  particular  stars  (the  planets)  seeming  to  follow  looped  and  twisted 
paths  round  the  celestial  sphere  in  different  periods.  These  motions  are  found,  when  carefully 
studied,  to  be  only  explicable  in  a  satisfactory  manner  by  supposing  that  the  earth  travels  round 
the  sun,  and  that  the  sun  is  likewise  the  centre  of  the  motions  of  the  planets.  (See  Ptoltmaie 
Sywtem;  Tychcnic  Syttem;  Copemican  SyUem,  &c.)  And  all  question  as  to  the  reality  of  the 
earth's  motion  is  finally  removed  when  the  phenomenon  of  aberration  is  considered  and  under- 
stood. Now  when  once  it  is  recognised  that  the  earth  is  travelling  around  the  sun  in  a  wide 
orbit  once  a  year,  the  supposition  that  she  does  not  rotate  on  her  axis,  but  that  the  sun  is  car- 
ried once  a  day  round  her  becomes  altogether  absurd  and  untenable. 

Tet  again,  when  the  rotation  of  the  earth  is  established,  we  obtain  fresh  evidence  as  to  the 
earth's  figure,  as  will  presently  be  seen. 

So  that  our  ideas  respecting  the  earth's  rotation,  revolution,  and  figure,  are  associated  together 
In  the  most  intimate  nianner,  through  the  circumstance  that  nearly  all  the  evidence  we  have 
respecting  each  relation  is  either  founded  on,  or  else  affords,  evidence  respecting  the  others. 

The  proofs  of  the  earth's  rotation,  which  are  really  independent,  though  numerous  and  suffici- 
ently convincing  to  the  student  of  science,  are  of  such  a  nature  as  not  to  appear  very  striking 
to  the  generality  of  minds.  There  is  a  minute  displacement  of  the  stars  due  to  the  earth's 
rotation  ;  but  as,  even  at  the  equator,  the  displacement  is  but  about  one-third  of  a  second,  it  is 
impossible  to  render  its  determination  a  matter  of  absolute  certainty,  as  in  the  case  of  the 
aberration  resulting  from  the  earth's  orbital  motion.  Again,  it  has  been  shown  tha*^  bodies 
which  are  dropped  from  a  considerable  height  fall  slightly  to  the  east  of  the  point  below  that 
from  which  they  were  let  falL  Newton  had  shown  that  this  should  be  the  case,  because  the 
point  of  suspension  is  at  a  greater  distance  from  the  earth's  centre  than  the  surface  of  the  earth. 
But  the  experiments  by  Tniich  this  easterly  direction  of  fall  is  established  are  delicate  and 
difficult,  and  it  is  only  on  the  average  of  many  experiments  that  the  peculiarity  is  exhibited, 
many  of  the  bodies  dropped  falling  north,  south,  or  west  of  the  spot  vertically  beneath  the 
point  of  suspension.  Again,  Foucault's  experiments  with  the  pendulum  and  gyroscope  (see 
jPendulum  Experiment,  and  Gyroscope)  serve  to  prove  the  fact  of  the  earth's  rotation,  but  the 
arguments  on  which  the  proof  rests  are  not  so  simple  and  direct  as  to  be  easily  made  dear  to 
the  non-mathematician.  In  fact,  there  is  no  direct  evidence  of  the  earth's  rotation  which 
is  nearly  so  satisfactory  as  the  indirect  evidence  derived  from  the  earth's  revolution  round  the 
sun. 

The  revolution  of  the  earth  is  proved,  as  we  have  said,  by  the  evidence  derived  from  the 
aberration  of  the  fixed  stars.  It  must  be  remembered  that  to  the  astronomer  the  displacement 
due  to  this  cause  is  not  one  of  those  minute  quantities  which  can  only  be  detected  by  the  most 
delicate  observations.  It  has  been  rightly  said  respecting  it  that  it  is  asobvious  to  the  astronomer  as 
the  motion  of  the  sun  or  moon  to  the  ordinary  observer.  Now,  the  evidence  it  supplies  amounts 
in  effect  to  this : — Every  star  seems  to  sway  isochronously  with  the  sun's  apparent  yearly 
motion  round  the  earth ;  stars  on  the  ecliptic  moving  backwards  and  forwards  along  a  sti'aight 
line,  other  stars  swaying  round  and  round  in  an  ellipse,  and  stars  dose  by  the  pole  of  the  ecliptic 
traversing  a  circular  path.  A  simple  explanation  of  all  these  motions  is  given  by  the  theory 
that  the  earth  moves  round  the  sun ;  but  if  the  earth  be  supposed  at  rest,  then  all  these  motions 
remain  unaccounted  for.  It  need  hardly  be  said,  then,  that  independently  of  the  evidence  we 
have  respectinff  the  enormous  distances  and  dimensions  of  the  stars,  we  are  forced  to  accept 
the  simple  explanation  afforded  by  the  theory  of  the  earth's  motion,  rather  than  the  view  that 
the  sun  sweeps  in  a  wide  orbit  round  the  earth,  while  all  the  stars  sway  responsive  to  his 
motions. 

If  further  evidence  were  needed,  it  would  be  supplied  by  the  iq>pazent  motions  of  the  planets^ 
and  the  fact  established  by  Copernicus  and  Kepler,  that,  assuming  the  sun  as  the  centre  of 
motion,  all  those  complicated  apparent  motions  receive  a  simple  interpretation. 

But  by  the  modem  astronomer  the  motions  of  the  earth  are  not  referred  for  proof  even  to 
such  striking  evidences  as  these,  but  to  the  enormous  and  ever-increasing  mass  of  evidence 
derived  from  the  exact  accordance  of  the  minutest  peculiarities  of  planetary  motion  with 
those  which  calculation  shows  should  result  from  the  law  of  universal  gravitation 

The  Earth's  MofftUtude  and  Figure,  The  general  proofs  that  the  earth  is  globe-shaped  are 
too  well  known  to  be  insisted  upon  here  at  any  length.  The  appearance  of  the  horizon  at  sea^ 
the  fact  that  objects  oome  into  viewer  pass  out  of  view  beyond  that  horizon  as  beyond  a  convex 
hill,  the  shape  of  the  earth's  shadow  in  lunar  edipses,  the  devation  or  depression  of  the  pole  ci 
the  heavens  with  northward  or  southward  voyages,  the  fact  that  the  earth  can  be  drcomnavi- 
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gated,  and  that  it  can  be  voyaged  round  (though  not  by  sea)  in  a  number  of  definite  directions^ 
— all  these  and  a  number  of  other  evidences  have  long  since  proved  to  all  save  the  most  ignorant 
that  the  earth's  form  is  globular.  The  exact  determination  of  the  figure  and  magnitude  of  this 
globe  constitutes  one  of  the  most  striking  triumphs  of  modem  science.  The  globe  figure  of 
the  earth  once  recognised,  it  became  possible  to  determine  the  diameter  of  that  globe  (assumed 
in  the  first  place  to  be  a  tone  sphere)  by  measuring  arcs  either  of  an  arc  of  latitude  or  longitude. 
(See  Degree  of  Latitude.)  So  soon,  however,  as  it  was  further  ascertained  that  the  earth  rotates 
upon  an  axis,  the  idea  was  sugg^^d  that  the  figure  of  the  earth  cannot  be  a  perfect  sphere,  but 
that  the  polar  diameter  must  be  less  than  a  diameter  of  the  earth's  equator.  Adopting,  for 
convenience,  an  inexact  mode  of  treating  the  problem,  Newton  was  led  to  the  conclusion  that 
the  earth's  polar  and  equatorial  diameters  bear  to  each  other  the  ratio  of  229 :  230.  But  it  was 
seen  that  the  actual  compression  of  the  earth  must  in  a  large  part  depend  on  the  constitution  of 
her  internal  strata.  Newton  had  assumed  a  fluid  stmctuie  homogeneous  throughout.  But  the 
density  of  the  earth  increases  towards  the  centre,  as  will  presently  be  shown,  and  it  results  that  a 
smaller  compression  corresponds  to  the  conditions  of  equilibrium.  We  owe  to  Maclaurin, 
Clairaut,  and  Ivory,  the  mathematical  examination  of  the  problem  of  the  figure  of  equilibrium 
of  a  rotating  fluid  globe ;  and  though  it  can  scarcely  be  said  that  such  a  globe  must  necessarily 
assume  the  figure  of  a  spheroid,  yet  it  has  at  least  been  demonstrated  that  that  figure  is  one  of 
those  under  which  such  a  globe  would  be  in  equilibrium,  while  it  has  been  further  shown  that 
under  such  conditions  as  we  may  suppose  to  have  probably  existed  in  the  case  of  our  own  earth, 
the  figure  of  an  oblate  spheroid  would  necessarily  result,  and  further  that  the  compression  of 
that  spheroid  would  be  about  ^ 

The  actual  measurements  applied  to  the  earth's  surface  are  not  absolutely  independent  of  any 
preconceived  theories.  So  far  as  the  mere  determination  of  the  earths  generally  globular 
figure  is  concerned  they  are,  of  course,  completely  independent  of  theory.  But  in  those  difficult 
geodetical  operations  by  which  the  departure  of  the  earth  from  the  figure  of  a  perfect  sphere 
are  not  merely  to  be  shown  to  exists  but  actually  to  be  estimated  in  quantity  and  measure,  it  is 
necessary  to  assume  as  the  basis  of  research  a  general  symmetry  of  figure,  which  may  not  in 
reality  exist.  Yet  the  fact  that  these  assumptions  have  been  made,  need  by  no  means  prevent 
us  from  accepting  with  fuU  confidence  the  results  of  geodetic  operations,  for  these  operations 
are  pursued  with  sufficient  completeness  to  prove  whether  the  initial  assumptions  are  or  are  not 
reliable  ;  and  as  a  matter  of  fact,  it  has  been  discovered  that  the  earth's  figure  is  not  perfectly 
symmetrical,  even  when  we  suppose  all  such  irregularities  as  mountain-ranges,  valleys,  and  so 
on,  removed,  and  the  figure  we  have  to  determine  to  be  that  which  would  result  if  these  rela- 
tively small  elevations  and  depressions  were  removed. 

It  will  be  seen  from  what  is  said  under  Degree  of  Latitude  and  Degree  of  Longitude  how  the 
general  ellipticity  of  the  earth's  figure  can  be  recognised  and  measured.     It  may  be  taken  for 

granted  that  the  compression  of  the  earth  is  not  far,  either  in  excess  or  defect,  from  -^ 
This  result  is  confirmed  by  the  observed  extent  of  the  motions  called  Precession  and  Nutation 
{q.  v.). 

But  Captain  A.  R  Clark,  R.E.,  by  combining  all  the  results  which  have  been  obtained,  and 
especially  those  resulting  from  the  recent  extension  of  the  great  arcs  surveyed  in  India  and 
Kussia,  has  been  led  to  conclusions  (Memoirs  of  the  Royal  Astronomical  Society,  vol.  xxix., 
i860)  which  have  been  thus  stated  by  Sir  John  Herschel : — 

'*  The  earth  is  not  exactly  an  ellipsoid  of  revolution.  The  equator  itself  is  slightly  elliptic, 
the  longer  and  shorter  diameters  being  respectively  41,852,864  and  41,843,0^  feet.  The 
ellipticity  of  the  equatorial  drcumf erenoe  is  therefore  ^  and  the  excess  of  its  longer  over  its 
shorter  diameter  about  two  miles.  The  vertices  of  'the  longer  diameter  are  situated  in  longi- 
tudes 14°  23'  E.  and  194°  23'  E.  of  Greenwich,  and  of  its  shorter  in  104**  23'  E.  and  284**  23^. 
The  polar  axis  of  the  earth  is  41,707,796  feet  in  length,  and  conseauently  the  most  elliptio 
meridian  (that  of  longitude  14^  23'  and  194**  23^)  has  for  its  ellipticity  ||^  and  the  least  so  (that 
of  longitude  104'*  23'  and  284**  23^  an  ellipticity  of  15^" 

General  Schubert,  in  the  Memoirs  of  the  Imperial  Academy  of  Petersburg,  exhibits  a  some- 
what different  mode  of  treatment  (less  exact.  Sir  J.  Herschel  considers)  leading  to  a  sbnilar 
but  not  altogether  coincident  result.  *'  He  makes  the  ellipticity  of  the  equator -,^5,  and  places 
the  vertices  of  the  longer  axis  26°  41'  to  the  eastward  of  Captain  Clark's.  His  polar  axis  as 
deduced  from  eacJi  of  the  three  great  meridian  arcs,  the  Russian,  Indian,  and  IVench  respeo- 
tively,  is  41,711,019  feet,  41,712,534  feet,  and  41,697,496  feet,  the  mean  of  which,  giving  to 
each  a  weight  proportional  to  the  length  of  the  arc  from  which  it  is  deduced,  is  41,708,710 
feet." 
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Density  of  the  Earth,  The  number  which  expreflses  the  ratio  of  the  mass  of  the  earth  to  that 
of  the  same  bulk  of  water.  To  detenmne  the  mean  denedtir  of  the  earth  is  to  find  an  answer  to 
the  question,  Is  the  mass  of  the  eaHh  greater  than  it  would  be  if  composed  throughout  of  water 
at  the  ordinary  density,  and  if  so,  how  many  times  greater  1  The  ordinary  data  of  astronomy, 
taken  in  conjtinction  with  the  laws  of  gravitation,  give  the  proportions  of  the  mass  of  the  earth  to 
the  masses  of  the  sun  and  the  principal  planets ;  and  thus  the  determination  of  the  absolute  mass  of 
the  earth  will  at  once  give  detenninations  of  the  absolute  masses  of  the  sun  and  planets ;  and  then, 
as  their  dimensions  are  known,  their  densities  can  be  found.  We  may  then  determine,  for  in- 
stance, whether  the  planet  Jupiter  is  composed  of  materials  as  light  as  water,  or  as  light  as  cork. 

The  obvious  importance  of  these  investigations  induced  philosophers  long  since  to  attempt 
determinations  of  the  earth's  density ;  and  four  classes  of  experiments  have  been  devised  for  it. 
The  first  kind  of  experiment  depends  on  the  attraction  of  a  mountain,  and  has  been  tried  in 
the  noble  Schehallien  experiment,  and  later  by  Colonel  James  and  others.  It  rests,  in  the  first 
place,  upon  the  use  of  the  zenith  sector,  and,  in  the  next  place^  upon  our  approximate  know- 
ledge of  the  dimensions  of  the  earth. 

The  zenith  sector  consists  of  a  telescope  with  a  graduated  arc  attached  to  the  lower  end,  and 
a  plumb-line  attached  to  the  upper  end.  (See  Zenith  Sector,)  If  the  same  star  were  observed 
at  two  places,  the  telescope  would  necessarily  be  pointed  in  the  same  direction  at  the  two 
places ;  and  ^e  difference  of  direction  of  the  plumb-line,  as  shown  by  the  different  points  of  the 
graduated  arc  which  it  crossed  at  the  two  places,  would  show  how  much  the  direction  of  gravity 
at  one  pUu^  is  inclined  to  the  direction  of  gravity  at  the  other  place.  Now,  from  our  know- 
ledge of  the  form  and  dimensions  of  the  eaitii,  we  know  that  the  direction  of  gravity  changes 
very  nearly  one  second  of  angle  for  every  lOO  feet  of  horizontal  distance.  Suppose  wen,  that 
two  stations  were  taken  on  Schehallien,  one  on  the  north  aide  and  the  other  on  the  south  side, 
and  suppose  that  their  distance  was  4000  feet ;  then,  if  the  direction  of  gravity  had  not  been 
influenced  by  the  mountain,  the  indhiation  of  the  plumb-lines  at  these  two  places  would  have 
been  about  40  seoonds.  But  suppose,  on  applying  the  zenith  sector,  in  the  way  just  described, 
the  inclination  was  found  to  be  really  52  seconds.  The  difference,  or  12  seconds,  could  only  be 
explained  by  tiie  attraction  of  the  mountain,  which,  combined  witii  what  may  be  called  the 
natural  direction  of  gravity,  produced  directions  inclined  to  these  natural  directions.  In  order 
to  infer  from  this  the  density  of  the  earth,  a  calculation  was  made  (founded  upon  a  very  accu- 
rate measure  of  the  mountain)  of  what  would  have  been  the  disturbing  effect  of  t^e  mountain 
if  it  had  been  as  dense  as  the  interior  of  the  earth.  It  was  found  that  tne  disturbance  was  really 
only  1 2  seconds.  Consequently  the  proportion  of  the  density  of  the  mountain  to  that  of  the  earu 
was  asi2to27,  ora84to9  nearly.  From  this,  and  the  ascertained  density  of  the  mountain,  it  fol- 
lowed that  the  mean  spedficgravity  of  the  earth  would  be  about  five  times  that  of  water.  The  only 
objection  to  this  admirable  experiment  is,  thatthe  formof  country  near  the  mountain  is  very  irregu- 
lar, and  it  is  difficult  to  say  how  much  of  the  12  seconds  is  or  is  not  really  due  to  Schehallien. 

The  effect  of  iJie  attraction  of  a  mountain  on  the  direction  of  the  plumb-line  was  observed  in 
1738  by  Bouguer  and  other  Frraich  academicians  during  experiments  on  Chimborazo  in  Peru. 
More  lecently.  Colonel  James,  superintendent  of  the  Ordnance  SurveVp  by  observations  made 
on  Arthur's  Seat,  near  Edinburgh,  has  deduced  a  mean  density  of  5*3ia 

Another  mode  of  determining  the  earth*s  mass,  is  founded  on  the  fact  that  a  pendulum  sus- 
pended at  a  considerable  elevation  above  the  earth  wiU  oscillate  more  slowly  than  one  at  the 
earth's  surface,  on  account  of  the  diminution  of  attraction  with  increase  of  distance  from  the 
centre  of  the  earth.  Clearly,  if  the  pendulum,  instead  of  being  simply  ndsed  above  the  earth, 
is  placed  at  the  summit  of  a  mountam,  the  attraction  of  that  mountam  mass  will  appreciably 
affect  the  result,  and  if  we  know  the  mass  of  the  mountain,  we  can  deduce  an  estimate  of  the 
earth's  mass.  From  observations  made  on  Mount  Cenis,  on  this  phm,  Carlini  and  Plana  have 
deduced  4*950  for  the  earth's  mean  density. 

The  converse  of  this  plan  is  also  obviously  available  as  a  means  of  estimatfaig  the  earth's 
density.  Professor  Airy,  in  1826,  first  contemplated  the  solution  of  the  problem  by  the 
determination  of  the  difference  of  gravity  at  the  top  and  the  bottom  of  a  deep  mine^  by  pendu- 
lum experiments.  Supposhig  the  aifferenoe  of  gravity  found,  its  appUcatioii  to  the  determina- 
tion of  density  may  be  thus  explained.  Conceive  a  sphertxid  concentric  with  the  external 
spheroid  of  the  earth  to  pass  through  the  lower  station  in  the  mine.  It  is  easily  shown  that 
tne  attraction  of  the  sheU  included  between  these  produces  no  effect  whatever  at  the  lower 
station,  but  produces  the  same  effect  at  the  upper  station  as  if  all  its  matter  were  collected  at 
the  earth's  centre.  (See  Attraetion,)  Therefore,  at  the  lower  station  we  have  the  attraction 
of  the  interior  mass  only  ;  at  the  upper  station  we  haye  the  attraction  of  the  interior  maas 
(though  at  a  greater  distance  from  the  attracted  pendulum),  and  also  the  attraction  of  the 
■hell.    It  is  puin  that  bj  makhig  the  proportioii  of  these  theoretical  attractioDs  equal  to  the 
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proportion  actually  observed  by  means  of  the  pendulum,  we  have  the  requisite  elements  for 
finding  the  proportion  of  the  shell's  attraction  to  the  internal  mass's  attraction,  and,  therefore, 
the  proportion  of  the  matter  in  the  shell  to  the  matter  in  the  internal  mass.  From  these  data 
the  mean  density  is  at  once  found.  It  will,  of  course,  be  understood,  however,  that  the  actual 
solution  of  the  problem  is  complicated  by  the  fact  that  the  extent  of  the  mine  itself,  as  well  as 
the  nature  of  the  strata  through  which  it  is  formed,  have  to  be  considered. 

Having  tried  the  experiment  in  1826  and  in  1828^  and  failed  through  accident,  the  Astronomer 
Boyal  renewed  the  attempt  in  1854  at  the  Harton  colliery,  near  South  Shields,  where  a  re- 
puted depth  of  1260  feet  could  be  obtained. 

The  two  stations  selected  were  exactly  in  the  same  vertical,  excellently  walled,  floored,  and 
ceiled.  Every  care  was  taken  to  secure  solidity  of  foundation  and  steadiness  of  temperature. 
In  each  station  (the  upper  and  lower)  was  mounted  an  invariable  brass  pendulum,  vibrating  by 
means  of  a  steel  knife-edge  upon  plates  of  agate,  carried  by  a  very  firm  iron  stand.  Close 
behind  it  was  a  clock,  and  before  it  a  telescope  mounted  so  that  coincidences  of  the  pendulum  of  the 
dock  might  be  accurately  observed  through  a  slit  in  front  of  the  telescope.  By  this  means  the 
proportion  of  invariable-pendulum-svnngs  to  clock-pendulum-swings  was  found,  and  then  as  the 
dock-pendulum-swings,  in  any  required  time,  are  denoted  by  the  clodc  dial,  the  corresponding  num- 
bers of  invariable-pendulum-swings  at  the  two  stations  were  determined.  In  order,  however,  to  do 
this,  the  clock  rates  had  to  be  frequently  compared ;  this  was  done  by  means  of  electrical  apparatus. 

In  this  manner  the  pendulums  were  observed,  with  104  hours  of  incessant  observations, 
simultaneous  at  both  stations,  one  pendulum  (A)  being  above  and  the  other  (B)  below ;  then 
with  104  hours,  B  above  and  A  below ;  then  with  60  hours,  A  above,  and  B  below ;  then 
with  60  hours,  B  above,  and  A  below.  2454  effective  signals  were  observed  at  each  station. 

The  result  showed  that  the  pendulums  suffered  no  injury  in  their  changes ;  and  that  the 
acceleration  of  the  pendulum,  on  being  caixied  down  1260  feet,  was  2^  seconds  per  day,  or  that 

gravity  is  increased  by  ^^  part  It  does  not  appear  likely  that  this  determination  can  be  sensi- 
bly in  error.  Hence  Mr.  Airy  calculated  that  taking  into  account,  as  far  as  possible,  the 
configuration  of  the  mine,  and  the  structure  of  the  neighbouring  region,  the  earth  s  density  is 
6*565.  He  adds  that  he  considers  this  result  to  be  comparable  on  at  least  equal  terms  with  those 
obtained  by  other  methods ;  an  opinion  which  seems  more  than  questionable,  when  the  com- 
plexity of  the  considerations  to  be  attended  to  in  the  mine  method  is  fairly  ti^en  into  account. 

The  last  method  we  shall  refer  to,  is  that  applied  in  the  well-known  Cavendish  experiment. 
The  method  was  suggested  by  Michel,  and,  since  the  experiments  of  Cavendish,  it  has  been 
applied  by  Keich  of  Freyberg,  and  by  the  late  Francis  Baily.  It  involves,  in  principle,  the 
direct  comparison  between  the  earth's  attraction,  and  that  exerted  by  a  mass  of  known  weight. 
Two  large  globes  of  lead  are  placed  upon  the  extremitieB  of  a  strong  horizontal  rod,  which  can 
be  turned  in  a  horizontal  plane  about  its  centre.  A  cord  supports,  above  that  centre,  a  fine 
horizontal  rod,  at  whose  extremities  are  two  equal  balls,  about  2  inches  in  diameter.  When 
this  rod  is  as  nearly  in  perfect  equilibrium  as  possible  (true  equilibrium  is  seldom  secured),  the 
frame  bearing  the  glob^  of  lead  is  rotated  on  its  vertical  axis  until  they  are  brought  nearly  into 
contact  with  the  small  balls,  on  opposite  sides.  Their  attraction  on  these  balls  thus  tends  to 
sway  the  fine  rod  from  its  position  of  rest.  By  turning  the  frame  round  in  an  opposite  direc- 
tion, until  the  large  balls  are  again  nearly  in  contact  with  the  small  ones,  the  fine  rod 
is  swayed  in  a  contraiy  direction  from  its  position  of  rest.  By  observations  made  on  the  extent 
of  these  deviations,  taJong  the  average  of  many  experiments  (Baily  made  more  than  2000),  it 
is  possible  to  compare  the  attractive  force  of  the  lead  balls  with  that  of  the  earth.  Of  course 
the  precautions  necessary  to  insure  success  in  an  observation  of  so  much  deUcacy,  are  very 
nimierous  ;  and  difficulties  depending  on  the  torsion  of  the  suspending  cord,  on  airKnirrents 
resulting  from  differences  of  temperature,  and  so  on,  interfere  to  prevent  the  solution  of  the 
problem  from  being  rigorously  accurate.  Still  it  may  fairly  be  asserted  that  more  reliance  can 
be  placed  on  this  method  of  determining  the  earth's  mass  than  on  any  other.  The  results  ob- 
tamed  by  the  three  observers,  named  above,  accord  in  a  very  satisfactory  manner.  The  experi- 
ments of  Cavendish  save  for  the  earth's  mean  density  $'480  ;  those  of  Keich  5*438  ;  and  those 
of  Francis  Baily  5'6S>.   The  mean  of  all  the  results  obtained  by  this  and  other  methods  is  5*639. 

We  may  thus  fairly  assume  that  the  earth's  mean  density  is  not  very  far  from  5*6  times  the 
density  of  water.  By  combining  this  result  with  what  has  been  already  mentioned  respecting 
the  dimensions  of  the  earth,  we  find  that  the  weight  of  the  earth  in  tons  is  roundly  expressed 
by  the  number  6,ooo,cxx)^ooo,ooo,ooo,ooo,ooo.  Aa  the  average  density  of  the  parts  of  the 
earth's  crust  known  to  us  is  considerably  less  than  5*6,  it  follows,  as  was  indeed  to  have  been 
expected,  that  the  density  increases  with  approach  towards  the  centre. 

TempertUure  of  the  Earth,  Although  we  have  at  present  no  means  of  determining  the  mean 
temperature  of  tiie  earth,  still  less  the  actual  temperature  of  different  parts  of  the  earth's  sub- 
stance at  considerable  depths,  we  have  ncany  reasons  for  believing  l^t  the  earth's  interior 
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18  at  a  much  higher  temperature  than  the  portions  of  the  crust  to  which  we  are  able  to  pene> 
irate.  Passing  below  those  levels  at  which  the  effects  of  the  sun's  heat  are  experienced,  either 
in  diurnal  or  annual  variations  of  temperature,  we  find  a  gradual  increase  of  temperature  as  we 
descend.  The  rate  of  increase  has  been  estimated  at  nearly  lOO**  per  mile  of  vertical  descent ; 
80  that  supposing  it  to  continue  through  a  distance  of  but  lOO  miles  (that  is  but  a  35th  part  of 
the  earth's  radius),  a  temperature  of  no  less  than  10,000**  Fahrenheit  must  exist  at  that  depth 
below  us.  Such  a  temperature  would  liquify  all  solid  substances  with  which  we  are  ac- 
quainted, and  vaporise  many  solid  elements.  As  the  increase  of  temperature  has  always  been 
found,  wherever  subterranean  excavations  have  been  made,  we  must,  at  least  until  clear  evidence 
to  the  contrary  is  adduced,  suppose  it  to  be  a  characteristic  of  all  parts  of  the  earth's  crusty  so 
that  we  seem  to  have  no  escape  from  the  conclusion  that  the  whole  interior  of  the  earth  is 
molten.  It  has  been  estimated,  indeed,  by  M.  Oordier,  that  the  solid  crust  of  the  earth  cannot 
greatly  exceed  60  miles  in  thickness.  Yet  the  researches  of  Mr.  Hopkins  of  Cambridge,  into  the 
phenomena  of  Precesnon  (q.  v.)  show  that  the  earth  cannot  really  be  constituted  in  uie  manner 
surmised  by  Cordier.  It  may  be  questioned  whether  the  effect  of  the  enormous  pressure  to 
which  the  interior  parts  of  the  earth  must  be  subjected,  both  from  the  weight  of  the  superin- 
cumbent portion,  and  from  the  action  of  the  imprisoned  vapour  of  many  of  the  terrestrial  ele- 
ments (assuming  always  that  the  enormous  heat  we  have  referred  to  reuly  exists  in  the  interior 
of  the  earth),  must  not  suffice  to  remove  the  limits  of  the  solid  crust  far  below  M.  Cordier's 
estimate.  Perhaps  several  hundred  miles  below  the  eads^oe  of  the  earth  liquefaction  may 
begin,  though  far  below  even  that  depth  there  may  still  remain  sufficient  viscosity  to  prevent 
those  free  movements  of  the  liquid  nucleus  which  Mr.  Hopkins  has  dealt  with. 

But  the  whole  subject  is  too  far  removed  from  the  range  of  observational  science  to  admit 
of  being  dealt  with  satisfactorily.  We  can  only  speculate  as  yet  on  the  condition  of  the  earth's 
interior ;  nor  is  it  likely  that  the  time  is  as  yet  near  at  hand  when  we  shall  be  able  to  do  more. 

The  view  put  forward  by  Poisson  that  the  heat  observed  in  the  earth's  crust  has  been  stored 
np  while  the  solar  system  was  passing  in  long  past  ages  through  a  warm  region  of  space,  seems 
too  speculative  to  merit  very  attentive  consideration.  Yet  it  is  not  wholly  impossible  tiiat 
when  we  know  more  respecting  the  sun's  motion  through  space  on  the  one  hand,  and  respecting 
the  mode  in  which  the  supplies  of  solar  heat  are  obtained  on  the  other,  we  may  recognise  in  the 
peculiarities  of  the  regions  through  which  the  sun  has  borne  and  is  bearing  his  family  of  planets, 
the  interpretation  of  many  problems  of  interest  suggested  by  the  present  condition  of  the  earth's 
temperature,  and  the  traces  of  past  changes  in  this  respect. 

EABTH  GUBRENTS.  Telegraphic  lines  of  considerable  length  are  much  disturbed  by 
what  are  called  earth  currmU.  Strong  irregular  currents  are  observed  to  flow  from  one  part  of 
the  line  to  another,  affecting  the  instruments  of  course,  and  frequently  rendering  telegraphic 
communication  for  the  time  impossible.  But  little  is  known  of  the  laws  of  earth  currents ; 
apparentiy  they  depend  upon  alterations,  in  the  state  of  the  earth's  electrification  which  im)duce 
currents  in  the  wires  by  induction.  They  occur  simultaneously  with  magnetic  storms  and 
auroras.  Dr.  Balfour  Stewart  ascribes  earth  currents  and  aurone  to  seoondaiy  discharges  taking 
place  in  consequence  of  variations  in  tetrestrial  magnetism. 

EABTH  SHINE.  A  name  given  by  astronomers  to  that  faint  light  visible  on  the  part  of 
the  moon  not  illuminated  by  the  sun,  either  soon  before  or  soon  aftor  new  moon.  It  may  be 
assumed  as  certain  that  this  light  is  due  to  the  illumination  of  that  part  of  the  moon  by  the 
light  which  the  earth  reflects  to  her.  It  must  be  remembered  that  at  the  time  of  new  moon 
the  earth  shines  in  the  lunar  skies  with  a  disc  about  13  times  as  large  as  the  disc  of  tiie  moon 
on  our  own  skies. 

EBONITE.    See  CamUckcme. 

EBULLITION.  {EbuUio^  to  boil,  or  bubble  up.)  We  have  mentioned,  under  the  head  of 
va^porisatum,  that  there  are  two  principal  modes  according  to  which  a  liquid  assumes  the  gaseous 
condition — the  first  of  these  is  evaporation,  the  second  AuHUion.  When  a  liquid  is  heated  it 
continues  to  acquire  heat,  until  at  a  certain  point  vapour  is  formed  within  its  mass,  and  the 
temperature  no  longer  rises.  The  liquid  is  now  in  a  state  of  violent  perturbation,  and  is  giving 
off  bubbles  of  vapour  from  the  hottest  portion  of  the  interior  of  its  mass ;  it  is,  in  fact,  in  a 
state  of  ebtdlUion,  or,  as  we  more  commonly  say,  it  boiU.  The  temperature  at  which  ebullition 
takes  place  depends  on  various  causes,  the  principal  of  which  are  the  nature  of  the  liquid,  and 
the  external  pressure ;  substances  dinolved  in  the  liqtdd  also  affect  its  boiling  pointy  and  to  a 
slight  extent  the  natiue  of  the  containing  vesseL 

A  glance  at  the  table,  ffiven  under  the  head  of  BotUng  Pointy  will  show  the  great  variations  in 
the  temperatures  at  whidi  different  liquids  enter  into  ebullition,  and  we  can  quite  understand 
that  this  must  be  the  case  when  we  remember  that,  with  a  difference  of  composition  in  a  sub- 
stance, we  necessarily  have  a  difference  in  the  structure,  weight,  and  cohesiYe  force  of  its  molecules^ 
whence  they  assume  tha  gaseoui  condition  under  veiy  varied  drcmnstanoes  of  temperature, 
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Ab  regaids  the  effect  of  eztenuJ  pressim,  an  increaBe  of  pressore  raisea  the  boiling  point,  and 
a  diminution  of  pressure  diminishes  it,  because  in  the  one  instance  there  is  a  larger  amount  of 
external  work  to  be  overcome  than  in  the  other.  The  influence  of  pressure  is  most  marked ; 
certain  volatile  liquids — ether  for  example — ^which  do  not  boil  at  ordinary  temperatures  in  the 
air,  boil  readily  in  an  exhausted  receiver.  Again  if  we  heat  water  to  the  boiling  point,  and 
allow  it  to  cool  considerably,  the  boiling  is  instantly  recommenced  when  it  is  placed  under  the 
receiver  of  an  air-pump,  on  exhausting  the  air.  Since,  therefore,  a  diminution  of  atmospheric 
pressure  leads  to  a  lowering  of  the  temperature  at  which  liquids  enter  into  ebullition,  we  can 
well  understand  that  the  boiling  points  of  liquids  vary  with  the  elevation  above  the  sea  level ; 
hence  the  height  of  a  place  above  the  sea  level  should  always  be  stated  side  by  side  with  the 
boiling  point,  when  the  locality  poflseases  any  considerable  elevation.  At  the  summit  of  Mont 
Blanc  water  boils  at  185**  F. ;  that  is  to  say,  the  boiling  point  is  lowered  27°  F.  We  can  thus 
quite  accoimt  for  the  statements  of  travellers,  that  in  very  elevated  regions  they  have  found 
it  impossible  to  boil  potatoes.  The  height  of  a  mountain  may  be  roughly  determined  by 
noticing  the  boiling  point  of  water  at  its  summit,  for  by  this  means  the  pressure  of  the  air  is 
shown,  and  the  pressure  corresponding  to  a  given  height  is  known.  The  boiling  point  of  water 
has  been  found  to  be  lowered  about  i   F.  for  every  590  feet  of  elevation. 

Pouillet  gives  the  following  table  of  the  boiling  points  of  water  at  various  places  sltoated  at 
different  heights  above  the  level  of  the  sea : — 


■ 


Names  of  Places. 


Farm  of  Antittoa,    • 

Town  of  Micoipampa  (Pern), 

Quito,        .... 

.Town  of  Caxamaroa  (PeraX 

Santa  F6  de  Bogota, . 

GnenQs  (Quito), 

Mexico,      .... 

Hospice  of  S.  Gotbard,     . 

S.  Veron  (Maritime  AlptX 

BreuU  ( VaUey  of  Mont  Ceryin), 

Mauiin  (Lower  Alps), 

S.  B^mi,     . 

Heas  (Pyrenees), 

(teranne  (PyreneesX 

BrianQon,  . 

Bardge  (Pyrenees),    . 

Palace  of  S.  Ddefonso  (SpainV 

Baths  of  Mont  d'Or  (Auyergne)! 

Pontarlier, 

Madrid,     . 

Innsbriuk, 

Munich,     .       • 

Lausanne, . 

Augsburg, .       • 

Salxbuig,    . 

Neufchatel, 

Plombidres.       .... 

dermont-rerrand  (Prtfectnre); 

Geneva  and  Fribuig, 

Ulm,  .... 

Batisbon,  . 

Moscow,     .       • 

Ootha, 

Turin, 

Bijon, 

Prague*     •      •      • 

M&oon  fflaOneX  . 

Lyons  (Bhone), .       • 

Cassel, 

G<)ttingen, . 

Vienna  (Danube),     . 

Milan  (Botanlo  Gardea)^ 

Bologna,    . 

Parma,  . 

Dresden,    . 

Paris  (BoyalObaervatoiy,  first  floor) 

Borne  (Capitol), 

Berlin, 

Level  of  the  sea. 


Hdght  aboye 

the  level  of  the 

sea. 


Fnt. 

Z3.455 
11,870 

9.54X 
9,384 
8,73« 
8,639 

7»47« 
6,808 

6,693 

6,585 
6,240 
5,265 

4.807 
4.738 
4.285 
4f«64 
3.790 
3,4X« 
8,717 
»,995 
x,85r 

1,7^5 
■.66a 

«,558 
1,483 
*,437 
1,381 

x,34» 

Z,32S 
I,9Xf 

z,i88 

984 

935 
755 
yzs 

587 
551 

53» 
5x8 
440 
436 

430 

397 

305 

■95 

2x3 

X5X 
131 

o 


Mean  height 

of  the 
Barometer. 


Indui. 

17-87 
z9'oa 
20-75 
ao'9z 
8z'4a 
at -50 
22-53 
as -07 

•3x5 
3327 

«3'58 

a4'45 
84-88 
8496 
2539 
as'sx 
25-87 
a6'a6 
26*97 
27-72 
27-87 
27-95 
a8'o8 
28-19 
28*27 
88 'sz 
88-3^ 

«8-43 
28-54 
28*58 
88-58 
a8'88 
88-85 
89*06 
89  •Z4 

8985 

89-29 
2933 

a9"33 
89-4* 
89'4Z 

a9"45 
»9'49 
89*57 
89 '6z 
89*69 
29-76 
99-76 
30-00 


BoiUng-point 
of  water. 


DtgrtesFah, 
Z87-4 
190-2 

194a 
Z94S 

Z95"6 
X958 
Z98'z 

I99« 
X99"4 
Z99-6 
800-3 
ao2'z 

202'8 

203*0 

203-9 

804-Z 
204*8 
205-7 

206-8 

2080 
ao8'4 
8086 
8o8'9 
809-Z 
809'z 
809-3 
809*3 

ao9*3 
209*5 
809*7 
209-7 
8to*a 
szo*a 

8XO'4 

azo'o 

8ZO'7 

8Z0-9 
8x0-9 
8x0*9 
azz'z 
axx'z 
axz'z 
axx'z 
axx*3 
axx-3 
9x1-5 
aix-6 

8XX-6 

aza'o 
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When  a  substanoe  ia  aimplj  suspended  in,  or  mixed  with,  a  liquid,  upon  which  it  has  no 
action,  the  boiling  point  of  tiie  liquid  is  not  altered ;  thus,  if  saw-dust  or  sand  is  mixed  with 
water  the  boiling  point  remains  212*"  F.  But  if  the  substance  is  actually  dissolved  in  the 
liquid  the  boiling  point  is  altered,  thus  a  solution  of  brine  has  a  higher  boiling  point  than 
water,  and  a  solution  of  resin  in  alcohol,  than  alcohol ;  but  if  we  mix  alcohol  (boiling  point  = 
173*1**  F.)  with  water,  we  have  a  mixture  which  possesses  a  higher  boiling  point  than  alcohol, 
and  a  lower  boiling  point  than  water.  A  saturated  solution  of  conmion  salt  boils  at  227*12** 
F.^jond  a  saturated  solution  of  chloride  of  calcium  at  355*1°  F. 

The  air  which  is  dissolved  in  liquids  tends  to  lower  their  boiling  point.  When  water  has 
been  freed  from  air  as  completely  as  possible  by  long  continued  boiling,  it  may  be  raised  to  a 
temperature  far  above  the  boUing  point,  without  entering  into  ebullition.  M.  Donny  of  Ghent 
has  raised  water  thus  freed  from  air  to  a  temperature  of  135°  C.  (275**  F.)  without  ebullition, 
but  above  this  temperature  the  heated  water  was  jerked  violently  from  one  end  of  the  tube 
containing  it,  to  the  other,  and  sometimes  an  explosion  took  place  with  extreme  violence.  Mr. 
Grove  found  that  water  might  be  boiled  to  dryness,  and  yet  permanent  gas  was  eiven  off  con- 
tinuously. **  I  believe,"  he  writes,  ''  that  no  one  has  seen  the  phenomenon  of  pure  boiling 
without  permanent  gas  being  freed." 

Water  boils  at  a  higher  temperature  in  a  glass  than  in  a  metal  vessel ;  the  boiling  point  may 
be  raised  to  102**  C.  in  a  glass  vsssel,  and  if  the  latter  be  lined  inside  with  resin,  the  water  may 
attain  a  temperature  of  105°  0. 

According  to  Mr.  Tomlinson  (Proc.  Boyal  Society,  1869)  a  liquid  at  or  near  the  boiling  point 
is  a  supersaturated  solution  of  its  own  vapour. 

Nuuei  (see  Nucleus)  act  on  such  a  solution  under  similar  conditions  to  those  of  supersaturated 
saline  solutions  (see  Supenaturation),  the  nuclear  body  having  a  stronger  attraction  for  the 
vapour,  than  for  the  liquid  of  the  solution. 

Such  a  solution  adheres  to  a  catharised  or  chemically  dean  body  (see  Caihariim)  as  a  whole, 
and  hence  there  is  no  separation  of  vapour  from  such  surfaces. 

The  action  of  such  a  solution  is  to  convert  unclean  or  nuclear  into  catharised  or  non-nuclear 
surfaces,  when  the  solution  adhering  to  them  as  a  whole,  more  vapour  passes  into  solution,  and 
the  temperature  rises  until  the  elastic  force  of  the  dissolved  vapour,  overcoming  the  adhesive 
force  of  the  liquid,  a  portion  escapes  in  a  burst,  with  a  sort  of  duU  explosion.  Tluis  produces  an 
immediate  depression  in  temperature,  but  the  steam  again  accumulating,  produces  a  rise  in 
temperature,  and  then  another  burst,  and  so  on. 

llns  bursting  ebullition  occasions  a  jumping  of  the  veasel,  or  ioubrttaut,  as  it  is  called  in 
French  science.  This  is  occasioned  by  the  burst  of  steam  esci^nng  along  the  Une  of  least  re- 
sistance, or  by  the  mouth  of  the  vessel,  and  producing  a  corresponding  reaction  or  pressure  in  a 
downwurd  direction  upon  the  support  of  the  vessel  It  is  the  rebound  from  this  that  occasions 
the  rising  or  jumping  of  the  vessel 

If  a  vessel  containing  water  and  a  little  sand,  all  chemically  dean,  be  suspended  by  a  piece 
of  elastic,  or  by  a  weak  spring,  and  be  boiled,  the  motions  of  the  vessel  can  be  readily  tnced. 

In  the  distillation  of  manv  liquids,  espedally  vinous  and  ethereal  ones,  their  action  is  to 
catharise  the  interior  walls  of  the  retort  or  other  vessel,  and  thus  produce  dangerous  Movbrtiautt. 
Bits  of  metfd,  fragments  of  glass,  sand,  &c.,  put  into  the  vessd  as  **  promoters  of  vaporisation," 
prevent  or  mitigate  the  bumping  for  a  short  time,  but  they  soon  become  chemically  dean,  and 
then  aggravate  the  evil  they  were  intended  to  prevent  by  enlarging  the  adhesion  surfaces  in- 
stead of  the  vapour^ving  surfaces. 

It  was  commonly  supposed  that  rough  or  angular  bodies  were  peculiarly  active  in  liberating 
vapour ;  but  Mr.  TomUnson  has  shown  that  such  bodies,  if  chemically  clean,  are  quite  inactive 
as  nuclei  Bough  bodies,  however,  store  up  nuclear  matter  in  their  funows^  and  they  are  not 
00  readily  catharised  as  smooth  surfaces. 

There  is,  however,  one  set  of  bodies  that  has  the  property  of  liberating  vapour  from  solution, 
and  does  not  lose  it  by  use  or  by  being  catharised.  Such  are  porous  bodies,  the  best  of  which 
is  charcoal,  and  the  best  charcoal  is  that  made  from  cocoa-nut  sheU. 

Cocoa-nut  shell  charcoal,  on  account  of  its  superior  density,  occupies  the  bottom  of  the  vessel, 
containing  liquids  somewhat  heavier  than  water ;  and  when  heat  is  applied,  the  charcoal  kicks 
or  jumps  instead  of  the  vessel ;  while  at  the  boiling  point  the  charcoal  pours  out  unceasinff 
floods  of  vapour,  lowering  the  boiling  point,  and  increasing  the  quantity  of  the  distillate  with 
the  same  amount  of  heat. 

Mr.  Tomlinson  has  drawn  this  conclusion  from  a  number  of  comparative  experiments,  in 
which  the  amount  of  liquid  boiled  or  distilled  without  the  assistance  of  a  nucleus,  is  com- 
pared with  the  amount  obtained  with  a  nudeus.  Thus  water  lost  in  boiling,  during  twenty 
minutes,  995  grains^  but  when  a  few  bits  of  coke  were  added  it  lost  1130  grains  in  the  same 
time. 
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This  gives  ratio  of  prodncta  loo  :  113*6. 

In  another  case  where  charcoal  was  the  nnclens,  the  ratio  of  results  was  100 :  127*4. 

Methylated  spirits  of  wine  boiling  at  1 7 1**  F.  was  distilled,  the  distillate  in  five  minutes  weigh- 
ing 244  grains.  With  20  grains  of  charcoal  the  distillate  in  five  minutes  weighed  325  grains, 
or  as  100  :  1 33 '2. 

Instead  of  charcoal  20  grains  of  pumice  were  put  in  the  retort.  The  ratio  was  then  as 
100 :  1217. 

With  20  grains  of  meerschaum  as  loo :  1 12. 

With  20  grains  of  coke,  as  icx) :  107*46. 

Porous  bodies,  such  as  charcoal,  pumice,  meerschaum,  and  even  a  bundle  of  capillary  glass 
tubes,  act  either  on  Saussure's  principle  of  the  absorption  of  gases  by  porous  bodies,  or  by 
affording  spaces  for  the  pent-up  steam  to  expand  into  and  so  escape. 

ECCENTRIC.    In  astronomy,  a  term  belonging  to  the  the  Ptolemaic  Syttem  (q.  v.). 

ECCENTRIC.  In  mechanics,  a  wheel  revolving  about  an  axis  which  is  not  its  centre  of 
figure,  so  as  to  produce  the  alternate  action  of  the  valves  of  a  steam  engine. 

Let  us  suppose  C  to  be  the  centre  of  a  metallic  circular  plate,  and  let  the  plate  be  pierced  at 
G,  a  point  between  0  and  the  circumference,  for  the  reception  of  the  revolving  shaft.  Let  the 
circular  plate  be  fixed  to  the  shaft  so  as  to  turn  with  it.  The  centre  C  of  the  plate  will  describe 
a  circle  round  the  centre  G  of  the  shaft,  the  radius  of  which  will  be  the  distance  C  G.  The 
disc  and  shaft  form  an  eccentric.  A  metallic  ring  or  collar  fits  the  circular  plate  so  that  the 
latter  can  turn  in  the  former.  An  arm  divided  at  one  end  into  two  prongs  is  attached  to  the 
sides  of  the  ring.  While  the  eccentric  revolves,  since  the  ring  does  not  partake  of  its  revolution 
the  aim  will  be  alternately  driven  to  the  right  and  left  in  the  revolution.  Suppose  the  arm  to 
be  on  the  right  of  the  shaft,  then  when  the  centre  C  of  the  disc  and  the  centre  G  of  the  shaft 
are  in  tLe  same  line  with  the  direction  of  the  arm  and  C  on  the  right  of  G,  then  the  arm  has 
its  limiting  position  on  the  right,  but  when  half  a  revolution  of  the  main  ai^e  has  been  made, 
C  will  be  on  the  left  of  G,  and  the  arm  will  then  have  its  limiting  position  on  the  left.  The 
length  through  which  the  arm  moves  is  termed  tiie  throw  of  the  eccentric,  the  throw  is  there- 
fore equal  to  twice  the  distance  between  the  centres  of  the  disc  and  shaft.  By  means  of  an 
arrangement  of  levers  the  arm  moves  the  slide  valve  of  the  engine,  and  it  is  evident  that  by  a 
suitable  adjustment  of  the  eccentric  upon  the  shaft,  the  valves  maybe  opened  and  dosed  at  any 
required  position  of  the  piston  in  the  cylinder. 

ECCENTRICITY  OF  AN  ORBIT.  (iK,  out  of ;  and  Khrpov,  a  centre.)  The  absolute 
eccentricity  of  an  orbit  is  the  distance  between  the  centre  of  an  elliptic  orbit  and  either  focus. 
But,  what  is  always  understood  by  astronomers  as  the  eccentricity  of  an  orbit,  is  the  ratio 
which  the  above  distance  bears  to  the  mean  distance,  or  semi-major  axis.  Thus  if  the  eccen- 
tricity of  an  orbit  is  said  to  be  O'oi,  what  is  meant  is  that  the  centre  of  the  orbit  is  at  a 
distance  from  either  focus,  equal  to  tiV^  P<^  ^^  ^^  semi-major  axis  of  the  orbit. 

ECHO.    Bee  R(^ction  of  Sound, 

ECLIPSE.  {iKXelirw,  to  fade  away,  to  vanish.)  The  obscuration  of  one  celestial  body  by 
another,  whether  by  the  direct  interception  of  the  light  coming  from  the  former,  or  by  the 
interception  of  the  light  by  which  the  former  is  illuminated.  Eclipses  of  the  former  kind 
include  occultatiens  of  stars  and  planets  by  the  moon,  transits  of  the  satellites  of  Jupiter  and 
Saturn  over  the  disc  of  their  primaries,  the  occultatiens  of  these  satellites  by  their  primaries, 
and  transits  of  Venus  and  Mercury  over  the  face  of  the  suzl  But,  commonly,  astronomers 
restrict  the  term  eclipse  to  events  of  the  following  classes : — 

(i.)  The  obscuration  of  the  sun  by  the  moon,  which  is  called  a  soiar  edipie, 

(2.)  The  obscuration  of  the  moon  by  the  shadow  of  the  earth,  which  is  called  a  lunar  eclipse. 

(3.)  The  obscuration  of  a  satellite  of  a  planet  by  the  shadow  of  the  primary,  which  is  called 
an  edipse  of  a  satdHtCf  as  distinguished  from  an  occultation  of  the  satellite  by  the  disc  of  its 
primary. 

A  few  remarks  must  be  made  on  the  general  subject  of  solar  and  lunar  eclipses  before  we 
proceed  to  consider  them  separately. 

Since  the  moon  circles  round  the  earth  in  a  path  inclined  rather  more  than  5**  to  the 
plane  of  the  ecliptic,  it  is  clear  that  an  eclipse  can  only  take  place  when  the  moon,  at  the  time 
of  "new'*  or  **full,"  is  near  one  of  the  points  where  she  crosses  the  ecliptic — in  other  words, 
near  one  of  her  nodes.  At  this  time,  then,  the  moon's  line  of  nodes  must  be  directed  nearly 
towards  the  sun.  Now,  considering  successive  conjunctions  of  the  three  bodies, — ^the 
earth,  sun,  and  moon,— on  nearly  the  same  line,  and  regarding  the  moon's  orbit,  for  the 
moment,  as  moving  parallel  to  itself,  precisely  as  the  earth's  equator  does,  it  will  be  evident 
that  as  these  conjunctions  take  place  at  intervals  of  about  a  fortnight  along  radial  lines  from 
the  sun,  which  advance  with  the  earth's  motion,  there  are  only  two  seasons  of  the  year  at 
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which  they  take  place  when  the  line  of  the  moon's  nodes  passes  nearly  through  the  sun 
(predflely  as  the  sun  is  only  twice  a  year  upon  the  plane  of  the  earth's  equator).  And  all  that 
is  necessary  to  make  this  view  of  the  case  correspond  with  the  actual  facts,  is  to  remember  that 
the  moon's  line  of  nodes  has  not  a  fixed  direction  on  the  ecliptic,  but  sometimes  progressing,  at 
others  retrograding,  on  the  whole  is  carried  retrogressiyely  round  the  ecliptic  once  in  somewhat 
less  than  19  years,  so  that  it  passes,  in  reality,  40  times  through  the  sun  in  that  time,  instead 
of  only  38. 

Hence  about  40  times  in  19  years  the  moon's  orbit  is  favourably  situated  for  the  occurrence 
of  an  edipse.  One  of  these  epochs  cannot  pass  without  one  eclipse  at  least ;  frequently  there 
occur  two ;  and  sometimes  there  occur  three.  Thus  there  must  always  be  two  eclipses,  at 
least,  in  eveiy  year ;  and  there  may  be  more.  The  absolute  maTimum  is  seven,  oorresponcUng 
to  the  case  in  which  three  eclipses  occur  at  each  of  two  eclipse-seasons  (to  coin  a  convenient 
'word),  and  an  eclipse  belonging  to  a  third  season  just  falls  within  the  year — ^the  possibility  of 
which  will  be  seen  when  it  is  remembered  that  the  interval  separating  these  edipse-seasons  is 
somewhat  less  than  half  a  year. 

But  now  let  us  consider  how  it  happens  that  there  must  be  one,  and  may  be  three,  edipses  at 
each  of  the  eclipse-seasons. 

Suppose  the  line  of  nodes  passed  through  the  sun  when  the  moon  was  one  quarter  fuIL 
^en,  both  at  the  preceding  and  at  the  following  conjunctions  (using  this  term  for  convenience 
to  include  both  new  and  full  moon),  the  line  of  nodes  lies  still  too  near  to  the  sun  for  an  eclipse 
to  be  avoided.  Hence  in  this  case  there  must  be  two  eclipses ;  and  as  this  is  the  most  favour- 
able case  for  the  absolute  avoidance  of  edipse  ;  and,  as  this  case  fails,  we  see  that,  in  no  case, 
can  an  edipse  be  absolutdy  avoided.  But  suppose  that  the  line  of  nodes  passes  through  the 
sun  at  the  time  of  new  moon.  Then  there  is,  of  course,  an  eclipse  of  the  sun,  (a  central 
one).  Now  the  interval  of  time  separating  this  conjunction  from  the  preceding  and  following 
full  moons  is  abont  twice  as  great  as  the  intervals  wiuch,  in  the  laet  case,  separated  the  times 
of  conjunction  from  the  passage  of  the  line  of  nodes  through  the  sun's  centre.  Hence  the 
distance  of  the  moon  from  her  nodes  is  so  mudi  greater,  at  both  these  epochs,  that  no  part  of 
her  globe  falls  within  the  earth's  shadow,  and,  therefore,  there  is  no  lunar  eclipse.  Thus 
there  occurs  but  one  eclipse  at  this  edipee-season,  and  that  eclipse  is  a  central  solar  one.  But 
it  is  worth  noticing  that,  in  this  instance,  the  moon,  at  both  the  epochs  considered,  passes 
through  the  penumbra  of  the  earth,  and  that,  though  the  Nautical  Almanac  takes  no  note  of  it^ 
there  is  always  one  penumbral  Itmar  edipse,  at  least,  whenever  a  solar  eclipse  occurs,  which  is 
neither  preceded  nor  followed  by  an  ordinary  lunar  edipse  at  the  preceding  and  following 
occuirence  of  fuU  moon.  Thirdly,  if  the  line  of  nodes  passes  through  the  sun  at  the  time  of 
fuU  moon,  there  is  a  total  lunar  edipse.  At  the  preceding  and  following  conjunctions  of  the 
eun  and  moon,  the  moon  would,  in  this  case,  be  considerably  removed  from  her  node,  but  not 
so  far  but  that  she  would  partially  edipse  the  sun.  Thus,  in  this  case,  there  would  be  three 
eclipses,  one  lunar  and  centeal ;  the  others  occurring  one  about  a  fortnight  before,  and  the  other 
about  a  fortnight  after,  and  both  of  them  solar  and  partial. 

It  will  easUy  be  seen  that  in  intermediate  cases,  one  or  other  of  the  three  results  here  con- 
ddered  must  take  place.  There  can  never  be  more  than  three  eclipses,  nor  less  than  one  ;  if 
there  are  three,  two  are  solar  and  partial ;  if  there  is  but  one,  it  is  solar  and  central.  Where 
there  are  two,  one  must  be  solar,  the  other  lunar ;  and  either,  but  not  both,  may  be  total 

It  follows  tiiat,  on  the  whole,  solar  edipses  must  be  more  numerous  than  lunar  ones,  since, 
whenever  a  single  eclipse  occurs  at  the  eclipse-season,  it  is  a  solar  one ;  and,  whenever  three 
occur,  two  out  of  the  three  are  solar.  It  luw  been  calculated  that  for  every  21,600  lunations, 
there  are  4,072  solar  and  2,6x4  lunar  edipses.  The  general  reason  for  this  nimierical  superi- 
ority of  solar  edipses  is  easily  recognised  in  the  fact,  that  if  a  cone  be  conceived  to  enclose  both 
the  earth  and  sun,  its  vertex  lying  without  the  earth,  a  solar  edipse  will  occur  whenever  the 
moon,  in  passing  between  the  earUi  and  sun,  comes  wholly,  or  in  part,  within  this  cone,  while 
for  a  lunar  eclipse  the  moon  must  also  pass  wholly,  or  in  part,  within  this  cone,  but  outside 
the  earth's  orbit,  or  where  the  cone  is  smtJler.    (See  Ediptic  Limitt.) 

On  the  contrary,  if  penumbral  lunar  eclipses  (which  theoretically  correspond  with  partial  solar 
ones)  be  included,  lunar  edipses  will  be  the  more  frequent,  since  then  a  lunar  eclipse  will  occur 
whenever  the  moon  (beyond  the  earth's  orbit)  passes  wholly  or  in  part  within  the  cone  enclosing 
both  the  earth  and  sun,  but  having  its  vertex  between  these  bodies ;  and  it  is  easily  seen  that  the 
section  of  this  cone  at  the  moon's  distance  beyond  the  earth's  orbit  is  greater  than  the  section 
of  the  former  cone  at  the  moon's  distance  within  the  earth's  orbit. 

It  is  to  be  added  that,  at  any  given  station  on  the  earth,  lunar  eclipses  are  more  often  seen 
than  solar  ones,  the  reason  bein^  that  a  lunar  eclipse  is  visible  from  all  stations  at  which  the 
moon  is  visible,  whereas  an  ewpse  of  the  sun  is  only  visible  from  a  limited  portion  of  the 
earth's  surface. 
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We  prooeed  to  condder  the  Bpedal  characteriBtios  of  solar  and  lunar  eclipBea 
SdUur  Eclipte.    A  solar  eclipse  may  be  total,  annular,  or  partial    In  a  total  eeUpney  the  whole 
disc  of  the  sun  is  concealed  by  the  moon  ;  in  an  annular  ^ipte,  the  whole  disc  of  the  moon  is 
projected  within  the  sun's  ;  in  a  partial  eclipse,  the  moon's  disc  overlaps  the  sun's,  the  outlines 
of  the  two  discs  being,  in  this  case,  intersecting  circles. 

We  may  consider  solar  eclipses  in  two  ways.  If  we  oonoeiTe  the  motions  of  the  solar  and 
lunar  discs,  and  remember  within  what  limits  these  discs  vary  in  size,  we  shall  see  that  the 
▼arious  orders  of  solar  eclipse  are  fully  accounted  for.  The  linuts  between  which  the  apparent 
diameter  of  the  son  varies  are  32'  3^*4"  ^^  3''  31*8" ;  while  the  lunar  disc  varies  in  apparent 
diameter  from  33^  31*1"  to  29^  2i'9r.  Thus  central  solar  eclipses  may  vary  between  the  case 
when  the  sun's  disc  has  its  greatest  and  the  moon's  its  least  diameter,  in  which  case  a  ring  of  light 
will  remain  whose  breadth  will  be 

i  {32'  36*4*'— 29'  21-9*) ;  «f  i'  ST'a", 

and  the  case  when  the  sun's  disc  has  its  least  and  the  moon  its  greatest  diameter,  in  which 
case  the  moon's  disc  will  extend  beyond  the  sun's  by  a  breadth  of 

i  (33'  3>'»'-3i'  3i'8'') ;  or  5-96". 
Or,  instead  of  adopting  this  mode  of  viewing  the^  subject,  we  may  consider  the  nature  of  the 
cone  as  enclosing  both  the  sun  and  moon,  and  having  its  vertex  beyond  the  moon.  The  part  of 
this  oone  which  lies  beyond  the  moon  is  the  moon's  shadow.  If,  at  the  time  of  new  moon,  any 
part  of  this  shadow  falls  on  the  earth,  the  sun  is  totally  eclipsed  as  respects  all  those  places 
which  are  thus  in  shadow.  On  the  contrary,  it  is  easily  seen  that  if  the  shadow  does  not  reach 
the  earth,  but  the  producdon  of  the  cone  beyond  its  vertex  doeg,  then  to  all  parts  of  the  earth  on 
which  this  produced  part  of  the  cone  falls  an  annular  eclipse  is  visible.  If  neither  the  cone  nor 
its  production  beyond  the  vertex  touches  the  earth,  but  a  oone  enveloinng  both  the  moon  and 
sun,  and  having  its  vertex  between  those  bodies,  reaches  the  earth,  then,  at  any  part  of  the 
earth  falling  within  this  oone,  the  sun  appears  partially  eclipsed. 

Lunar  Edipaet,  For  the  occurrence  of  a  hinar  edipse,  all  that  is  jieoessary  is  that  the  moon, 
should  pass  within  the  oone  enveloping  the  sun  and  earth,  and  having  its  vertex  outside  the 
earth.  The  diameter  of  the  cross  section  of  this  shadow  cone,  where  the  moon's  orbit  passes 
across  it,  must,  however,  be  supposed  to  be  increased  by  about  i'6oth  part,  on  account  of  the 
earth's  atmosphere.  The  diameter  of  the  reduced  section  exceeds  the  moon's  on  the  average 
about  three  times. 

For  the  phenomena  presented  during  solar  eclipses  see  Cbrona,  PromiMiiees,  ftc.  During 
hmar  eclipses  few  phenomena  of  importance  have  hitherto  been  noticed.  The  most  remarkable^ 
perhaps,  is  the  red  and  almost  fiery  colour  sometimes  presented  by  the  moon  when  totally 
edipsed.    Sometimes,  however,  the  moon  has  been  wholly  invisible  at  such  times. 

For  eclipses  of  Jujdter^s  satellites  see  Jupiter, 

ECLIPTIC.  {iK,  and  Xelru,  to  pass  away  from.)  The  great  drde  of  the  heaveiut  along 
which  the  sun's  oentre  appears  to  move  in  the  course  of  a  year.  Its  name  is  derived  from  tiie 
circumstance  that  eclipses,  either  of  the  moon  or  of  the  sun,  can  only  happen  when  the  former 
body  is  on  or  near  the  ecliptic.  The  ecliptic  is  inclined  about  234  degrees  to  the  equator.  (See 
Obliquity  cf  the  SdipHe,)  It  is  divided  by  astronomers  into  12  portions,  each  of  30  degrees. 
These  are  called  signs,  and  serve  convenientiy  to  indicate  the  course  of  the  sun  along  the  circle. 
The  point  where  he  passes  from  the  southern  to  the  northern  side  of  the  equator  is  called  the 
first  point  of  Aries,  and  the  sign  Aries  extends  30  degrees  from  this  point.  Then  follow  the 
signs  in  the  order — Aries,  Taurus,  Gemini,  Cancer,  Leo,  Virgo,  libra,  Scorpio,  Sagittarius^ 
Capricomus^  Aquarius,  Pisces.  The  sun's  motion  along  the  ecliptic  is  not  unif  onn,  so  that  he 
continues  a  longer  time  in  some  signs  than  in  others.  He  moves  most  slowly  along  the  ecliptic 
in  summer.  (Compare  ArieSf  Taunu,  &c.,  under  which  heads  the  approximate  dates  on  which 
the  sun  enters  and  leaves  eadi  sign  will  be  found  specified.)  Owing  to  the  precession  of  the 
equinoxes,  the  signs  no  longer  agree  with  the  constellations  which  beiff  the  same  name,  the  mgn 
Aides  falling  on  tiie  consteUation  Pisces,  and  so  on. 

ECLIPTIC  LIMITS.  The  limits  on  either  side  of  the  lunar  nodes,  within  which  the  moon 
must  be  when  new  or  fuU,  in  order  that  a  solar  or  lunar  eclipse  may  take  place.  For  a  solar 
eclipse  the  limits  have  an  average  value  of  16*  50^  ;  for  lunar  eclipses  they  have  an  average 
value  of  lo"  53'. 

EFFUSION  OF  GASES.  The  escape  of  gases  through  minute  apertures  into  a  vaoaunL 
In  his  experiments  to  determine  the  rate  of  effusion  of  gases,  Graham  used  thin  sheets  of  metal 
or  glass,  perforated  with  minute  apertures  *o86  millimetres  or  '003  of  an  inch  in  diameter,  llie 
rates  of  effusion  coincided  so  nearly  with  the  rates  of  diffusion  as  to  lead  to  the  ooncluBion  that 
both  phenomena  follow  the  same  law,  and,  therefore,  the  rates  of  effusion  are  inversely  as  ths 
square  roots  of  the  densities  of  the  gases,    (See  D^ffution,) 
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ELASTIC  FORCE  OF  VAPOUR.  The  elastic  force  of  the  aqueous  vapour  in  the  at- 
mosphere is  an  important  element  of  meteorological  inquiry.  It  is,  in  reality,  that  portion  of 
the  barometric  pressure  which  is  due  to  the  aqueous  vapour  in  the  atmosphere,  and  may  be 
regarded  as  proportional  to  the  absolute  hmnidity  of  the  air. 

ELASTICITY.  (EUuUcita,  ftom  ^XaiWiv,  to  drive.)  The  property  of  certain  bodies  by 
which,  after  having  been  compressed  or  extended,  they  recover  their  former  figure  and  dimen- 
fflon  on  the  removal  of  the  compressing  or  stretching  force.  The  most  elastic  bodies  are  gases, 
and  there  seems  to  be  no  limit  to  their  elasticity.  If  a  Quantity  of  gas  be  included  in  a  syringe 
under  a  piston  and  be  compressed  by  a  force  applied  to  tne  piston,  on  the  removal  of  the  force 
the  gas  will  regain  its  former  volume,  forcing  up  the  piston  until  it  have  recovered  the  position 
from  which  it  had  been  driven  by  the  compressing  force.  Again,  when  the  receiver  of  an  air- 
pump  is  partially  exhausted  the  air  left  in  it  entirely  fills  it. 

T^en  liquids  are  compressed  they  immediately  recover  their  original  dimensions  when  re> 
lieved  from  the  pressure,  but  the  limits  of  compressibility  and  elasticity  in  liquids  are  so  narrow 
that  for  all  practical  purposes  liqidds  are  treated  as  incompressible  and  inelaistic.  Solid  bodies 
differ  very  considerably  in  their  elastioity.  If  a  flat  surface  of  steel  be  smeared  with  a  colouring 
matter,  and  an  ivoiy  ball  be  allowed  to  drop  upon  it,  the  ball  will  rebound.  On  examining  the 
part  of  the  surface  which  struck  the  steel  it  wOl  be  found  that  a  large  circular  mark  has  been 
made,  showing  that  the  surface  has  been  flattened,  but  has  recovered  its  figure  by  virtue  of  the 
elasticity  of  the  ball.  Elasticity  of  impact  is  measured  by  a  coefficient  of  elasticity  which  is 
constant  for  the  same  substances.  When  an  elastic  bar  or  string  is  stretched  by  a  force  it  is 
found  by  experiment  that  the  extension  varies  as  the  product  of  the  original  length  and  the 
stretching  force.  If  the  stretching  force  be  multiplied  by  the  original  length  and  divided  by 
the  increase  of  length,  the  quotient  is  a  constant  quantity  termed  the  modulus  of  elasticity. 
This  is  tenned,  from  the  name  of  its  discoverer,  Hooke's  law.  The  modulus  of  elasticity  for  any 
uniform  bar  or  string  is  the  strain  which  would  stretch  it  to  double  its  natural  length.  The 
following  table  of  moduli  is  based  on  Professor  Rankine's,  (Applied  Mechanics,  p.  631.) 


MaterUL  Modnlns. 

Wrought  Iron  bars,  .        .  29,000,000 

Cast  Lron,         .        .        •  17,000,000 
Brass,       ....  8,900,000 

Steel,        •        •        .        .  29,000,000 


Material.  Modulus. 

Copper  wire,     •        •        •  17,000,000 

Oak,  .        •        •        •  1,450,000 

Larchy      •        •        •        •  1,050,000 

Fir, 1,330^000 


ELASTICITY,  OR  TENSION,  OF  GASES.  All  gases  are,  as  far  as  is  known,  possessed  of 
perfect  elasticity,  that  is  to  say,  if  the  pressure  which  has  compressed  them  be  withdrawn  they 
will  resume  exactly  their  original  volume.  If  we  regard  a  cylindrical  tube,  open  at  both  ends,  the 
air  will  press  upon  both  the  inside  and  outside  of  the  substance  and  thus  pinch  it.  If  one  end 
of  the  cylinder  be  dosed,  it  will  be  squeezed  by  the  same  force  which  the  air,  like  all  fluids, 
transmits  equally  in  all  directions.  Let  us  suppose  now  that  there  is  in  the  cylhider  a  piston : 
^thout  weight.  It  is  at  rest.  Pressed  downwards  as  before  by  the  weight  of  the  air  above  it, 
it  is  no  longer  pressed  upwards  by  the  direct  pressure  of  the  air  (this  pressure  is  shut  ofif  by  the 
closed  bottom  of  the  cylinder) ;  but  it  is  pressed  up  by  the  elastic  force  or  tension  of  the  air 
beneath  the  cylinder,  which  had  been  compressed  before  the  piston  was  introduced.  The 
existence  of  both  these  pressures  is  easily  shown  by  means  of  the  air-pump.  Thus,  let  a  sheet 
of  caoutchouc  be  stretched  across  one  end  of  a  cylinder,  the  other  end  being  ground  flat  upon 
and  covering  the  orifice  of  the  air-pump  plate.  When  the  air  is  drawn  out  of  the  cylinder  the 
elastic  force  or  tension  is  withdrawn  with  it.  Consequently  the  pressure  of  the  air  on  the  top  of 
the  caoutchouc,  meeting  with  no  resiBtanoe  from  below,  bulges  &e  membrane  inwards.  If,  on 
the  other  hand,  the  mouth  of  a  flask  be  covered  with  caoutchouc,  and  the  whole  be  put  under 
the  receiver  of  the  air-pump  from  which  the  air  is  withdrawn,  the  membrane  will  be  forced  out- 
wards, because  the  elastic  force  of  the  air  in  the  flask  (due  to  its  previous  compression)  will  no 
longer  encounter  the  atmospheric  pressure  which  is  withdrawn.  Similarly  a  wet  bladder,  parti- 
ally filled  with  air,  will  become  fully  dirtended  when  the  pressure  of  the  surrounding  air  is  re- 
moved under  the  receiver  of  the  air-pump. 

ELECTIVE  ABSORPTION  OF  LIGHT.  (Electus,  selected.)  In  optics  the  term  used 
to  express  the  absoiption  of  the  rays  constituting  light  of  a  certain  colour,  in  preference  to  those 
constituting  light  of  other  colours.    (See  also  Colour,  AbsorpUcn  of.) 

ELECTRICAL  FISH.  Certain  fiish  which  have  the  power  on  being  touched  of  giving  an 
electric  shock,  similar  to  that  given  by  a  Leyden  jar.  They  have  long  been  known,  as  is  shown 
in  a  memoir  by  Professor  WilM>n,  "  On  the  Electric  Fishes,  as  the  Earliest  Machines  employed 
by  Mankind." — Edinburgh  Philosophical  Journal,  1857.  Of  late  they  have  engaged  the  at- 
tention of  many  investigators,  among  whom  may  be  mentioned  John  Hunter,  Galvani,  Becquerel, 
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Breschet,  Humboldt,  Matteucci,  Faraday.  The  most  celebrated  ipedes  are  tbe  Gymnotug 
£lectriciUf  or  Electric  Eel,  and  the  Haia  Torpedo, 

The  former  10  found  in  South  America  in  the  streams  which  flow  into  the  Orinoco ;  and  it 
was  there  that  Humboldt  studied  its  nature.  It  is  a  fish  much  like  an  eel,  but  with  a  more 
rounded  obtuse  nose  than  ordinary.  Its  length  varies  from  three  to  six  feet.  A  specimen 
which  Paraday  examined  was  40  inches  long.  On  touching  simultaneously  two  points  in  the 
body  of  the  fish  a  powerftd  shock  is  experienced.  Faraday  calculated  that  an  ordinary  dis- 
charge is  equivalent  to  that  of  fifteen  Leyden  jars,  having  each  25  square  feet  of  tinfoil  coat- 
ing.  Humboldt  describes  the  taking  of  wild  horses  in  South  America  by  the  aid  of  the  Gym< 
not  us.  The  natives  drive  the  animals  in  a  body  into  a  pond  in  which  the  fish  abound,  and  the 
horses  soon  yield  to  the  attacks,  many  of  them  being  stunned,  and  some  even  killed.  The 
shock  becomes  gradually  weaker  on  frequent  repetition  ;  the  fish  itself  becomes  exhausted,  and 
after  a  time  loses  vitality.  The  discharge  has  power  to  produce  momentary  currents  in  the 
galvanometer,  to  give  a  spark,  or  to  effect  chemical  decomposition.  The  organ  by  which  the 
shock  is  produced  appears  to  be  a  species  of  pile  running  from  near  to  the  head  to  the  tail,  and 
are  supplied  with  some  hundreds  of  pairs  of  nerves. 

The  Torpedo  has  been  carefully  studied  by  Matteucci.  It  is  a  large  fish,  weighing  often  80  lbs., 
much  like  a  skate.  It  is  found  in  the  Bay  of  Biscay  and  in  the  Meditenanean.  Its  electrical 
properties  are  similar  to  those  which  have  been  described  in  the  case  of  the  Gymnotus.  The 
shock  is  produced  by  a  double  organ  situated  in  the  two  sides  of  the  head,  and  uniting  in  front 
of  the  nasal  bones.  Each  of  the  parts  is  composed  of  a  number  of  hexagonal  prisms,  presenting 
the  appearance  of  a  honeycomb,  and  four  nerves  go  to  each  cell.  The  prisms  are  filled  with 
a  liqidd  which  consists  of  nine  parts  of  water,  one  of  albumen,  and  some  chloride  of  sodium. 

Besides  the  Gymnotus  and  Torpedo  there  are  some  less  powerftd  electric  fish  ;  the  MaJap- 
termus  EUctricut,  which  is  found  in  the  Nile,  which  is  described  by  Professor  Groodsir ;  the 
Malaptermus  BeninennSf  described  by  Mr.  Murray,  Edinburgh  Philosophical  Journal,  1855,  the 
SUurus,  and  others. 

ELECTRIC  BATTERY.    See  Battery,  Electric. 

ELECTRIC  BRUSH  AND  GLOW,  SPECTRUM  OF  THE.  Schimkow  has  exam- 
ined the  spectrum  of  the  electrical  brush  and  glow  (Poggendorff  AnnaUrif  cxxix.,  pp.  508-520.) 
When  the  spectrum  of  the  spark  is  affected  by,  and  produced  in  both  nitrogen  and  oxygen,  the 
hru9h  discharge  only  gives  nitrogen  lines,  and  is  not  formed  at  all  in  pure  oxygen  ;  a  trace  of 
nitrogen  entering  the  tube  is  sufiBcient  to  reproduce  the  light  and  its  peculiar  lines.  The  same 
is  true  in  regard  to  the  luminous  glow  observed  when  electricity  is  discharged  between  two 
points,  but  &e  latter  spectrum  is  much  fainter  than  that  of  the  brush.  It  is  characteristic  of 
these  lines  that  they  occur  in  the  most  refrangible  part  of  the  spectrum.  This  seems  due 
to  the  much  lower  temperature  in  the  brush  and  glow  discharge,  as  compared  with  the  spark 
discharge.  By  introducing  into  the  circuit  of  a  coil  a  wet  string  four  metres  long,  Schimkow 
made  the  nitrogen  spectrum  of  a  Greissler  tube  appear  precisely  like  the  brush  spectrum  :  the 
yellow  lines  had  been  weakened  much  more  than  the  violet  ones ;  at  a  low  temperature,  there- 
fore, nitrogen  seems  specially  to  emit  the  most  refrangible  rays,  which  agrees  with  the  observa- 
tions of  "^on  Waltenhof en,  according  to  which  the  least  refrangible  rays  are  first  extinguished 
when  air  is  successively  more  and  more  rarified.  Thus  the  brush  and  glow  are  due  to  the 
luminosity  of  nitrogen  at  a  temperature  below  that  at  which  oxygen  becomes  limiinous ;  and 
furthermore  they  consist  principally  of  the  more  refrangible  rays. 

ELECTRIC  CLOCK.    See  Clock,  Electric, 

ELECTRIC  CHARGE.    See  Charge,  Electric. 

ELECTRIC  COLUMN.     See  Column,  Electric,  and  VoUa's  Pile. 

ELECTRIC   CONDUCTION.    See    Conduction,   Electric;   Conductor;   and    Emttance, 

ELECTRIC  CURRENT.     See  Current,  Electric. 

ELECTRIC  DISTRIBUTION.     See  Electrottatics,  second  part. 

ELECTRIC  EGG.  An  apparatus  used  for  showing  the  phenomena  accompanying  the  dis- 
charge of  electricity  through  a  partial  vacuum.  In  its  primary  form  it  is  an  oval-shaped  glass  vessel 
with  an  open  neck  at  each  end.  To  one  opening  is  fitted  a  brass  tube  with  a  stop-cock,  which  is 
arranged  so  that  it  can  be  screwed  down  to  the  plate  of  the  aii^piunp,  and  a  brass  rod  carrying 
a  ball  projects  from  it  into  the  interior.  The  other  neck  is  also  furnished  with  a  brass  fitting, 
through  which  a  second  brass  rod,  tipped  ^ith  a  ball,  can  slide,  air-tight,  in  and  out.  The  egg 
is  exhausted,  and  thin  wires  from  the  Khumkorff*s  coil  are  attached  to  the  upper  and  lower 
brass  fittings,  and  the  discharge  thus  made  to  pass  between  the  two  brass  knobs  gives  rise  to 
the  most  beiebutif ul  luminous  phenomena.  The  negative  ball  is  surrounded  with  a  blue  or  purple 
aureola^  while  red  streams  of  light  issuing  from  the  positive  ball  widen  out  so  as  to  fill  almost 
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ooxnpletely  the  oval-ahaped  interior.  It  was  observed  by  Grove  that  under  certain  drcmn- 
stances,  the  light  presents  a  itratified  appearance,  and  is  composed  of  layers  alternately  bright 
and  dark,  whose  general  Ue  is  at  right  angles  to  the  line  joining  the  baJls.  Since  that  time 
( 1852),  the  electric  egg  has  attracted  the  attention  of  some  of  the  greatest  observers,  of  Grove, 
Craasiot,  Plttcker,  Bobinson,  and  others.  The  phenomenon  of  stratification  is  easily  shown,  when 
a  few  drops  of  alcohol,  ether,  or  oil  of  tmpentine  are  introduced  into  the  egg,  and  the  exhau»> 
tion  carried  down  to  a  twelfth  of  an  inch  of  mercoiy.  The  light  is  then  divided  into  lenticular 
masses,  separated  from  each  other  by  thick  dark  beds.  Hie  general  lie  of  these  layers  is,  as  we 
have  said,  perpendicular  to  the  line  joining  the  balls,  but  they  are  curved  at  each  end  of  the 
egg,  turning  a  concave  side  towards  the  balls.  This  is  particularly  shown  in  the  red  light  which 
streams  from  the  positive  extremity.  The  blue  aureola  round  the  negative  ball,  is  seen  to  be 
divided  into  two  or  three  distinct  envelopes,  and  a  thick,  dark  space  separates  this  blue  light, 
which  clings  closely  around  its  ball,  from  the  diffused  lisht  whic&  spr^tds  out  from  the  ower. 
When  various  gases  are  introduced  into  the  egg,  the  jmenomena  are  exceedingly  varied  and 
complicated.  The  colour  of  the  light  is  altered  and  depends  upon  the  nature  of  the  gas  intro- 
duced. With  hydrogen  it  is  greenish  blue  ;  with  oxygen,  mvLcb,  the  same  as  in  the  case  of  air, 
but  whiter.  In  nitrogen,  it  is  similar  but  more  red  at  the  positive  end,  while  at  the  negative 
end  it  assumes  a  very  intense  dark  blue.  With  carbonic  oxide,  it  is  briirht  green ;  yellow  at 
the  positive  end  and  blue  at  the  negative ;  with  carbonic  acid  gas  it  is  white ;  and  an  intense 
blue,  varying  to  purple,  is  obtained  with  sulphurous  add  gas  and  with  ammonia.  Frequently, 
also,  the  gases  become  phosphorescent,  and  continue  to  glow  and  flash  after  the  discharge  has 
been  stopped.  E.  Becquerel  has  studied  the  phenomena  of  phosphorescence,  and  has  come  to 
the  conclusion  that  it  mav  arise  from  two  causes,  either  from  the  flowing  of  the  molecules  of 
the  gases  themselves,  or  m>m  the  electrification  of  the  interior  of  the  glass,  which  gives  rise 
to  after  discharges  £rom  place  to  place. 

The  action  of  a  powerful  magnet  upon  the  electric  discharge  through  a  vacuum,  has  been 
studied  by  Gassiot  and  by  Pliidcer.  The  results  of  PltLcker  are  given  in  Poggendorff's  Annalen 
Kos.  ciii.  dv.,  and  in  the  Phil,  Mag.  for  1858,  voL  ii.  fie  shows  that  the  discharge  concen- 
trates itself  into  a  band  or  bands  in  the  direction  of  the  magnetic  curves,  the  position  and  form 
of  the  bands  depending  upon  the  position  of  the  poles  with  respect  to  the  points  between 
which  the  discharge  is  taking  place.  He  considers  the  case  to  be  that  of  an  electric  current 
taking  place  through  a  jUxibU  conductor,  and  inquires  what  must  be  the  position  of  the  conduc-^ 
tor  for  equilibrium. 

The  investigations  which  we  have  spoken  of  have  been  largely  carried  on  by  means  of  what 
•re  known  as  Ocunofs  Vacuum  Tvbet,  Mr.  Gassiot,  for  the  purpose  of  experimenting  on  this 
subject,  made  use  of  glass  tubes  of  various  sizes  and  shapes,  through  which  platinum  wires  pass 
sealed  into  the  glass,  and  which  are  once  for  all  exhausted  and  hermetically  sealed.  The  idea 
was  taken  up  by  Geissler  of  Bonn,  who,  with  the  advice  and  assistance  of  M.  PlUcker,  con- 
structed tub^  of  very  varied  fonns  filled  with  different  gases,  and  at  all  degrees  of  exhaustion. 
Vacuum  tubes  are  now  universally  made  use  of,  not  only  for  the  purpose  of  investigation,  but 
also  for  lecture  illustration.  • 

The  cause  of  the  phenomena  which  we  have  described  is  still  a  matter  of  uncertainty.  The 
oriffin  of  the  stratification  has  been  discussed  by  Grove,  Grassiot,  Bobinson  ;  by  Quet,  Seguin, 
and  Morren ;  but  it  cannot  be  said  that  any  satisfacto^  explanation  of  them  has  yet  been  offered. 

We  refer  the  reader  for  further  information  to  Pllicker's  papers  mentiouea  above,  and  to 
those  of  Dr.  Bobmson.     {PkU.  Mag,  1859.) 

ELECTBIGITY.  (f|Xeirr/>oy,  amber.)  A  name  applied  to  that  which  is  the  cause  of 
certain  phenomena  of  attraction  and  repolrion,  certain  luminous  appearances  and  physiological 
effects.  Electridty  is  generally  spoken  of  as  though  it  were  a  fluid  or  fluids,  (see  the  concluding 
part  of  this  article,  and  EUctricUy^  Theories  of) ;  and  it  is  in  this  way  that  we  shall  use  the 
word  throughout  this  book.  It  is  however  to  be  understood  that  we  hnoiu  nothing  of  the  real 
nature  of  electridty,  and  that  this  conception  is  only  used  in  order  to  give  definiteness  to  our 
language  and  our  thoughts.  What  we  do  know  are  the  phenomena  wMch  electridty  gives  rise 
to,  and  these  we  proceed  to  treat  of. 

According  to  the  plan  of  this  work  the  various  phenomena,  facts,  theories,  &c.,  are  treated 
of  under  their  special  names  or  designations.  We  propose  in  this  article  to  give  a  very  brief 
statement  of  the  fundamental  facts  regarding  electridty,  and  to  point  out  where  special  infor- 
mation may  be  found. 

As  early  at  least  as  the  time  of  Thales,  the  fact  that  amhery  when  vigorously  rubbed,  acquires 
the  proper^  of  drawing  to  itself  small  light  bodies,  such  as  shreds  of  paper,  wool,  &c.,  was 
known.  The  same  is  said  to  have  been  ob^rved,  with  respect  to  one  or  two  other  substances, 
by  the  Greeks ;  but  these  remained  isolated  facto,  and  the  study  of  the  sdence  cannot  be  said 
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even  to  have  commenced  till  after  the  publication  of  Dr.  Gilbert's  Trctctatiu  de  MagneU  in 
1600,  in  which  he  treats  of  the  forces  of  electric  and  magnetic  attraction.  Since  that  time  it 
has,  on  the  one  hand,  been  perhaps  the  most  popular  of  experimental  sciences  with  the  exception 
of  chemistry,  while,  on  the  other,  it  has  given  food  for  speculation  to  the  minds  of  the  greatest 
mathematicians,  and  the  study  and  examination  of  the  laws  of  attraction,  and  repulsion,  and  of 
electric  distribution,  have  been  among  their  favourite  labours. 

Nor  is  the  interest  of  the  study  great  only  to  philosophers,  or  confined  to  naturalists  and 
mathematicians.  On  the  one  side  the  phenomena  are  attractive  even  to  the  most  unlearned, 
and  on  the  other  the  practical  applications  of  electricity  have  already  become,  and  are  daily 
becoming  more  and  more  absolutely  essential  to  our  common  comfort. 

We  proceed  to  describe  one  or  two  experiments  which  illustrate  the  fundamental  facts  of  this 
science. 

I.  Take  a  thick  stick  of  sealing  wax  or  sheU-lac,  carefully  dried  from  all  moisture  which 
is  best  done  by  heating  very  slightly  before  a  fire,  and  rub  it  briskly  with  a  piece  of  thoroughly 
dry  flanneL  Excitement,  similar  to  that  observed  in  amber  by  the  Greeks,  is  thus  produceo. 
If  the  rod  of  wax  be  brought  near  to  anv  small  light  bodies,  such  as  small  shreds  of  paper,  bits 
of  wool,  or  a  light  feather,  attraction  will  be  at  once  displayed,  and  the  bodies  will  fly  through 
the  air  to  the  wax.  On  a  dir  day,  and  with  vigorous  rubbing,  a  crackling  noise  will  be  hea^ 
and  in  the  dark  flashes  of  light  will  be  seen,  wlule  the  rubbing  proceeds,  or  if  the  stick  of  wax 
be  brought  near  to  the  hand  or  face  of  the  experimenter.  The  excitement  disappears  after  a  time^ 
but  may  always  be  restored  by  simple  friction. 

(2.)  Let  a  light  ball  of  elder  pith,  a  quarter  of  an  inch  in  diameter,  be  suspended  by  a  fine 
very  diy  thread  of  silk  from  a  oonvement  stand,  and  let  the  wax,  after  being  briskly  rubbed, 
be  brought  near  without  touching  the  baU.  Attraction  will  take  place,  and  the  ball  be  drawn 
aside  from  the  vertical ;  but  if  the  wax  be  removed,  the  ball  falls  back  to  its  place  again. 

(3.)  If  the  wax  be  brought  near  enough,  the  ball  flies  to  it ;  but  the  moment  it  has  touched 
the  wax,  it  is,  instead  of  being  attracted,  powerfully  repelled ;  and  it  now  remains  for  a  con- 
siderable time  repulsive  of  the  wax,  unless  it  be  touched  by  some  other  body. 

(4.)  If  under  these  drcumstances  a  warm  dry  glass  rod  or  tube  be  rubbed  with  a  dry  silk 
handkerchief,  and  presented  to  the  pith-ball  now  repulsive  of  the  wax,  it  will  be  found  to  attract 
the  ball,  but  after  contact  has  taken  place  there  will  be  repulsion  between  them. 

(5.)  Lastly,  if  after  the  pith  ball  has  been  touched,  either  with  the  wax  or  with  the  glass, 
and  the  similarly  suspended  ball  be  brought  near  the  first,  it  will  be  found  that  attraction  takes 
place  between  them,  but  that  after  they  have  been  in  contact  they  repel  each  other. 

The  consideration  of  these  experiments  leads  us  to  the  following  fundamental  remarks  re- 
specting electricity. 

First,  we  see  the  production  of  electricity  by  friction,  and  the  manifestation  of  electric  force 
by  means  of  attractions  and  repulsions  produced  by  it. 

Next,  we  notice  the  dual  nat\ire  of  tiie  force,  for  we  have  seen  the  wax  excited  by  friction 
attracting  where  the  glass  also  excited  by  friction  would  repel,  and  glass  attracting  where  wax 
would  r^pel. 

Then  we  observe  that  electricity  may  be  communicated  by  contact  from  an  electrified  body 
to  one  not  electrified. 

And  finally,  we  have  an  indication  of  the  following  laws : — ^That  electrified  bodies  attract 
neutral  bodies ;  that  similarly  electrified  bodies  repel  each  other,  and  oppositely  electrified 
bodies  attract  each  other. 

Among  the  earliest  discoveries  in  the  science  of  electricity  was  this,  that  some  bodies  when 
rubbed  gave  apparently  no  electricity  whatever  ;  and  hence  bodies  were  divided  into  two  classes^ 
dectrics  or  those  which  can  be  electrified  by  friction,  and  non-dectric8  or  those  which  cannot ; 
and  the  chief  effort  of  the  earliest  experimenters  in  the  subject  was  the  separating  of  bodies 
into  these  two  groups  ;  but  it  was  soon  found  that  this  distinction  is  merely  apparent,  and  that 
the  difference  depends  upon  what  is  called  the  power  of  conduction  for  electricity,  which  bodies 
possess  in  greater  or  less  degrees.  Thus  it  was  observed  that,  while  a  rod  of  glass  or  of  sealing 
wax  might  be  excited  by  rubbing,  no  amount  of  friction  would  electrify  a  rod  of  iron 
held  in  the  hand.  But  if  we  suppose  for  the  present  an  electric  fluid  produced  or  set  free  by 
rubbing,  we  may  imagine  the  fluid  passing  over  the  surface  of  a  body  such  as  iron  or  through 
its  mass  and  unable  to  move  over  or  through  sealing  wax  or  glass.  When  then  the  electricity 
is  produced  by  friction  upon  glass,  it  remains  where  it  was  produced,  '*  insulated  "  as  it  is  called, 
and  exhibits  its  effects  of  attraction  and  repulsion  towards  extemiJ  objects ;  but  if  it  be  pro- 
duced on  such  a  body  as  a  rod  of  iron  held  in  the  hand,  it  is  transferred  through  the  iron  to  the 
hand,  thence  through  the  body  to  the  earth.  And  this  is  found  to  be  the  case,  for  if  the  iron 
rod  be  cemented  to  a  stick  of  glass  and  thus  supported,  it  can  readily  be  electrified  by  friction. 
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The  transference  of  electricity  from  one  point  to  another  through  or  over  the  surface  of  a  mass 
of  matter  is  called  conduction;  bodies  by  means  of  which  the  transference  takes  place,  are 
called  conductors;  those  which  do  not  permit  it  to  take  place  are  called  non-conductors  or  intu- 
lators.  It  was  Gray  who,  in  1729,  first  showed  the  phenomenon  of  conduction ;  and  Du  Fay 
immediately  after  pointed  out  that  electrics  are  identical  with  non-conductors,  and  non-electrics 
with  conductors.  Among  conductors  are  the  metals,  graphite,  water ;  among  non-conductors 
or  insulators  are  glass,  sealing-wax,  gutta-percha,  paraffin,  &c.,  and  all  gases.  For  further  in- 
formation, see  Cowiuction;  Conductor;  Electrics, 

It  is  found  that  all  bodies  may  be  electrified  by  friction,  if  proper  precautions,  such  as  those 
we  have  just  mentioned,  be  taken,  and  that  some  are  electrified  like  glass  rubbed  with  silk,  and 
others  like  wax  rubbed  with  flanneL  If  we  use  a  testing  body  such  as  the  suspended  pith  ball, 
or  dtctric  pendulum  as  it  is  called,  and  electrify  it  in  a  known  way,  we  shall  be  able  by  its 
attractions  and  repulsions  to  distinguish  between  bodies  electrified  one  way,  and  bodies  electri- 
fied the  other.  Instruments  more  delicate  than  the  electric  pendulum  are  constructed  for  the 
purpose  of  testing,  and  they  are  called  dectroscopeSy  (9. v.)  By  means  of  such  instruments  a 
division  is  made,  and  bodies  electrified  like  glass  rubbed  with  silk  are  said  to  be  positively  or 
vitreously  {vitrumj  glass)  charged,  while  bodies  electrified  like  wax  rubbed  with  fiaxmel  are  said 
to  be  negcUivdy  or  resinously  charged. 

In  the  experiments  described  above,  two  bodies  were  rubbed  together,  but  only  one  of  them 
was  examined  in  each  case.  If,  however,  the  rubber  is  tested,  it  is  also  found  to  be  electrified, 
but  the  electricity  which  it  contains  is  of  the  opposite  kind  to  that  produced  on  the  body 
rubbed.  Thus  the  wax  and  flannel  being  rubbed  together,  the  wax  is,  as  we  have  seen,  nega- 
tively electrified,  and,  at  the  same  time,  the  flannel  is  positively  electrified.  In  fact,  both 
eledaricities  are  produced  together,  and  in  exactly  equal  amounts.  The  kind  also  of  the  elec- 
tricity produced  in  any  particular  substance  by  friction  depends  upon  the  body  with  which  it  is 
rubbed,  and  in  the  state  of  the  surfaces  rubbed  together.  Thus  glass  rubbed  with  silk  is 
positively  electrified  ;  rubbed  with  cat's  skin  it  is  negatively  electrSed ;  while  glass,  with  its 
surface  ruffled,  become  negatively  charged  by  rubbing  with  silk. 

The  following  is  a  list  of  various  substances  arranged,  so  that  if  any  two  of  them  be  rubbed 
together,  the  one  which  stands  nearest  to  the  beginning  becomes  positively  electrified,  the  other 
negatively : — 

Sulphur. 
Caoutchouc. 
Gutta  perchab 
Gun  cotton. 

Electrification  may  even  be  produced  by  rubbing  together  two  bodies  of  the  same  material 
whose  surfaces  differ  in  some  way  from  ^ch  other.  Thus  if  a  rough  and  a  smooth  surface  of 
the  same  material,  or  a  warm  and  a  cold  surface,  be  rubbed  together,  the  smoother  or  the  colder 
becomes  positively  electrified,  the  other  negatively.  When  two  silk  ribbons  are  rubbed  across 
each  other,  that  which  is  longitudinally  rubbed  becomes  positively  electrified ;  and  when  a 
white  ribbon  is  rubbed  by  a  black  one,  tiie  white  ribbon  becomes  positive.  Electrification  also 
takes  place  when  a  stream  of  air  is  directed  from  a  pair  of  bellows  on  a  glass  plate,  and  a  very 
powerful  electric  machine  has  been  constructed  to  utilise  the  electricity  produced  by  wet  steam 
blowing  out  through  a  narrow  pipe.    (See  Eledric  Machine, ) 

Friction  is  one  of  the  chief  modes  of  producing  electric  excitement ;  and  since  for  the  perfor- 
mance of  electrical  experiments  it  is  frequently  an  object  to  obtain  considerable  quamtities  of 
electricity,  machines  for  the  purpose  of  producmg  it  by  friction  dnder  the  most  favourable  cir- 
cumstances have  been  constructed ;  full  descriptions  of  them  will  be  found  under  the  head 
Electric  Machine.  But  besides  friction  there  are  other  sources  of  electricity.  After  cleavage 
or  pressure  certain  laminated  minerals,  such  as  mica,  airagonite,  calcareous  spar,  exhibit  strong 
electric  excitement  at  the  surfaces  cleft  or  pressed,  one  of  these  surfaces  being  always  positive, 
and  the  other  negative ;  and  many  other  bodies,  not  minerals  at  all,  possess  the  same  property. 
Thus  if  a  disc  of  oork  and  a  disc  of  caoutchouc  be  pressed  together,  and  then  separated,  the 
fonner  is  fotmd  to  be  electrified  positively,  and  the  latter  negatively.  Change  of  temperature 
also  produces  electric  excitement.  If  a  crystal  of  tourmaline  be  warmed,  it  shows  positive 
electricilT  at  one  extremity  of  its  principal  axis,  and  negative  at  the  other ;  and  if  it  be  broken 
during  the  heating,  each  of  the  parts  is  electrified  at  each  end,  just  as  the  whole  was,  showing 
apparently  that  this  crystal  possesses  electric  polaritr  analogous  to  the  polarity  which  a  magnet 
has.  If  the  heating  be  discontinued,  the  polarity  is  lost  £>r  a  moment,  but  as  soon  as  cooling 
begins  it  is  restored ;  now,  however,  the  end  which  was  positive  before  is  negative,  and  that 


CaVs  skin. 

Wood. 

Glass. 

FhumeL 

Shell-lao. 

Cotton. 

Ivory. 

Resin. 

Silk. 

BockCiystal, 

Metals. 

The  Hand. 
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which  was  negative  before  is  positiye.  Topaz,  boradte,  aad  some  other  minerals  exhibit 
similar  action  under  the  influence  of  heating. 

There  are  several  other  sources  of  electricity,  snch  as  by  the  motion  of  magnets,  which  is 
treated  of  under  moffnetic  deetrieity,  and  by  the  application  of  heat  to  a  junction  of  two  dis- 
similar metals,  (see  Themuhdectricity ;  Thermopile) ;  but  the  only  one  which  we  shall  refer  to 
now  is  that  by  chemical  action.  If  a  plate  of  copper  and  a  plate  of  zinc  be  partiaUy  immened 
in  a  vessel  of  non-conducting  material  containing  sulphuric  add  and  water,  the  ends  of  the 
copper  and  zinc  plates  which  project  from  the  liquid  are  found  to  be  electrified  respectively, 
positively,  and  negatively ;  if  then  these  ends  are  connected  for  an  instant  by  a  wire,  a  flow  of 
electricity  takes  place,  and  the  ends  are  discharged ;  but  immediately  the  ends  are  recharged, 
and  a  second  application  of  the  wire  is  necessary  for  discharging  them.  This  goes  on  again  and 
again ;  and  if,  instead  of  applying  the  wire,  and  then  removing  it  time  after  time,  the  wire  be 
kept  connecting  the  ends  of  the  copper  and  zinc  plates,  a  steady  flow  of  electricity  takes  place 
through  it.  During  this  time  the  sulphuric  add  is  attacking  the  zinc  and  dissolving  it  away ; 
and  since,  according  to  one  of  the  theories  on  the  subject,  it  is  the  solution  of  the  zinc  by 
which  the  electricity  is  produced,  we  are  accustomed  to  speak  of  the  electridty  as  produced  by 
chemical  action.  Since  also  in  aU  the  casee  which  we  have  mentioned  before,  such  as  elec- 
tricity produced  by  friction,  the  electridty  was  insulated  and  at  rest ;  and  since  in  this  case  the 
electricity  is  in  motion,  a  constant  charging  and  dischai^ging  going  on,  it  is  customary  to  speak 
of  electridty  at  rest,  and  electridty  in  motion ;  or,  using  terms  similar  to  those  employed  in 
the  study  of  mechanics  to  speak  of  eUctrottatia  and  electrodynamics^  under  which  heads,  and 
that  of  Battery^  Galvanic^  full  information  on  the  effects  of  electridty  in  these  two  states  will  be 
found.    The  reader  should  also  consult  Current^  Electric;  Chdvanisn, 

We  shall  now  proceed  to  notice  briefly  the  phenomena  of  inductum  (see  also  the  artide  under 
that  head),  and  shall  then  conclude  by  referring  to  the  theories  of  electrict^.  If  an  electrified 
body  be  brought  near  to  an  trndectarified  and  insulated  body,  the  latter  oeoomes  electrically 
exdted.  Thus  if  we  bring  a  charged  metallic  ball,  insulated  by  being  suspended  from  a  silk  string, 
near  to  another  metal  ball,  or  preferably,  for  the  sake  of  explanation,  to  one  end  of  a  metal  cylinder 
with  hemispherical  ends,  which  is  set  upon  a  glass  support,  we  shall  find  the  cylinder  electrified 
in  the  following  manner.  The  end  nearest  the  suspended  ball  possesses  electridty  of  the 
oppodte  kind  to  that  of  the  ball,  and  the  oxdtement  is  greatest  at  the  place  nearest  to  which 
the  ball  is.  This  gradually  diminishes  as  we  approach  the  middle  zone  of  the  cylinder  where 
there  is  no  electrification,  and  from  this,  as  we  approach  tlie  other  end,  we  find  electridty  of 
the  same  kind  as  that  upon  the  ball,  gradually  increasing,  and  greatest  at  the  pdnt  farthest 
from  the  balL  This  exdtement  is  said  to  be  due  to  indu<^ion,  and  the  electridty  at  the  two 
ends  of  the  cylinder  is  said  to  be  induced.  If  the  inducing  ball  be  removed  equilibrium  is 
restored,  and  the  state  of  the  cylinder  is  again  perfectly  neutral ;  but  if,  whUe  the  inducing 
ball  is  near  to  the  insulated  cylinder,  the  latter  be  touched  or  disinsulated  in  any  way,  elec- 
tridty of  the  same  kind  as  that  of  the  ball  flows  away  to  the  earth ;  and  if  insulation  be 
restored,  and  the  ball  then  removed,  the  cylinder  will  be  left  charged  with  electridty  oppodte 
in  kind  to  that  of  the  inducing  ball,  and  exactly  equal  in  amount  to  that  which  has  flowed  away 
to  the  earth.  The  extent  to  which  induction  takes  place  depends  upon  the  amount  of  elec- 
tridty on  the  indudng  body  upon  the  distance  between  the  two  bodies,  and  upon  the  nature  of 
the  insulating  medium  across  which  the  induction  takes  place.  In  the  experiment  which  we 
have  descril^  air  was  the  medium  interposed  between  the  ball  and  the  cylinder,  or  the 
dielectriCf  as  it  is  called,  but  had  a  plate  of  glass  been  interposed  induction  would  still  have 
taken  place,  and  the  amount  of  electridty  induced  woidd  have  been  greater.  (See  Induction, 
and  Capacity,  Speckle  Inductive.) 

To  explain  the  phenomena  of  electridty,  two  theories  have  been  put  forward  ;  one,  that  of 
Ihi  Fay  and  Symmers,  known  as  the  double  fluid  hypothesis,  and  the  other,  that  of  Franklin, 
commonly  called  the  single  fluid  hypothesis. 

The  former  supposes  the  existence  of  two  fluids,  the  vitreous  and  the  resinousi,  which  hare  tide 
property  that  each  repels  itself  and  attracts  the  other.  In  a  neutral  body,  these  two  fluids  aie 
supposed  to  be  present  in  equal  quantities,  and  to  be  combined  together.  Friction  has  the 
effect  of  separating  them  and  giving  one  fluid  to  the  rubbing  body,  and  the  other  to  that 
rubbed.  When  a  body,  possessing  electridty  of  one  sort,  is  brought  near  to  an  insulated  conduc- 
tor, the  neutral  fluid  upon  it  is,  as  it  were  decomposed.  The  kind  of  electridty  oppodte  to 
that  in  the  indudng  body,  is  attracted  towards  that  body,  while  the  oppodte  kind  is  repelled  as 
far  as  possible  from.  it.  The  air,  being  a  non-conductor,  hinders  the  electridty  from  passing  off 
the  surface  of  an  electrified  conductor.  The  attraction  of  a  neutral  body  is  thus  explained. 
The  neutral  fluid  is  decompoted,  as  it  is  frequently  said,  by  induction ;  the  oppodte  kind  of 
electridty  being  drawn  to  the  side  nearest  to  the  electrified  body,  and  an  equal  amount  of  the 
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Hke  kind  being  driven  off  to  the  opposite  side.  But  (see  Electrostatics),  the  attraction  due  to 
the  f onner  is  greater  than  the  repulsion  due  to  the  latter,  owing  to  the  greater  proximity  of  the 
former  to  the  electrified  body,  and  hence  attraction  on  the  whole  prevails. 

According  to  Franklin's  single  fluid  hypothesis,  all  bodies  are  furnished  with  an  electric 
fluid  which  possesses  the  properties  of  attracting  matter,  but  of  repelling  other  portions  of  itself. 
A  body  containing  a  certain  quantity  of  this  fluid,  which  corresponds  to  the  quantity  of  matter 
in  it,  is  said  to  be  saturated,  and  ia  neutral :  that  is,  it  possesses  neither  attraction  nor  repulsion 
for  other  neutral  bodies.  This  is  the  ordinary  condition  of  matter.  But  by  friction,  and  by 
other  means,  on  excess  of  the  electric  fluid  may  be  commanicated  to  a  given  body,  or  the 
quantity  which  it  has  in  the  neutral  state,  may  be  diminished.  In  the  first  case,  it  is  said  to 
be  charged  positively,  and  in  the  second  negatively.  This  is  the  origin  of  the  terms  positive 
and  negative.  In  either  of  these  states  it  is  electrically  excited,  and  exhibits  the  phenomena 
of  attraction  and  repulsion. 

The  advantage  of  these  theories  is,  that  they  give  us  definite  language,  and,  to  a  certain 
extent,  serve  to  explain,  or  rather  to  illustrate  electric  phenomena ;  and  both  have  done  good 
service  in  fixing  the  ideas,  and  in  assisting  arrangement ;  but  the  conception  of  such  fluids  is 
difficult,  and  though  one  of  these  theories  may  be  more  possible  than  the  other,  neither  can  be 
said  to  be  in  any  degree  proved.  The  explanation  of  the  phenomena  of  induction,  given  above, 
is  certainly  untrue,  or  at  least  incomplete.    For  the  theory  of  Faraday,  consult  Induction. 

ELECTRICITY,  ANIMAL.  Galvani  ascribed  the  current  observed  by  him,  in  the  case  of 
a  recently  killed  frog,  under  certain  conditions,  to  animal  electricity.  Yolta  denied  altogether 
this  explanation.  (See  Galvanism.)  Since  that  time  animal  electricity  has  been  the  subject 
of  much  discussion  ;  and  numerous  investigations  have  been  made  with  regard  to  it. 

Nobili  showed,  by  means  of  the  galvanometer,  the  existence  of  a  current  in  the  frog  from  the 
feet  to  the  head.  Taking  two  vessels  containing  salt  and  water,  he  caused  the  crural  muscles 
of  the  frog  to  dip  into  one,  and  the  lumbar  nerves  to  dip  into  the  other ;  then  on  putting  into  each 
of  the  vessels  a  wire  coming  from  a  very  sensitive  galvanometer,  he  obtained  a  current  in  the 
direction  mentioned.     Nobili  calls  this  the  courant  propre  of  the  frog. 

Matteucci  experimenting  on  the  same  subject  formed  a  pile  of  the  thighs  of  frogs  by  putting 
the  interior  of  the  muscle  of  each  thigh  in  contact  with  the  exterior  of  the  muscle  of  the 
succeeding  one.  He  showed  a  current  proceeding  from  the  interior  to  the  exterior  of  the 
muscle. 

Dubois  Bemond  has  shown  the  existence  of  muscular  currents  in  the  human  body. 

ELECTRICITY,  APPLICATION  OF.  The  applications  of  electricity  have  become 
extremely  numerous  and  are  daily  becoming  more  and  more  so.  Throughout  this  volume  will 
be  found,  as  far  as  our  limits  will  allow,  indications  of  the  various  uses  to  which  it  has  been  put» 
both  in  the  way  of  aids  to  the  arts,  and  as  an  auxiliaxy  to  our  daily  life.  Here  we  may  men- 
tion its  application  to  electro-metallurgy  in  various  forms,  and  to  illumination,  also  in  the  elec- 
tric dock,  and  electro-maenetic  machine,  and  for  purposes  of  self-registration,  in  observatories 
and  elsewhere.  Telegraphy  is  one  of  its  most  important  uses,  and  lately  its  physiological  effects 
have  been  taken  advantage  of  in  a  systematic  and  scientific  way  by  the  physician.  To  the 
chemist  also  its  agency  is  invaluable. 

ELECTRICITY,  ATMOSPHERIC.    See  Atmospheric  EleetricUy. 

ELECTRICITY,  CORRELATION  OF.  It  is  explained  (see  Trcmsmutatum  of  Energy)  that 
physical  force  can  no  more  be  destrcytd  than  matter ;  but,  on  the  other  hand,  that  all  the 
forces  are  convertible  one  into  the  other.  And  not  only  is  this  true,  but  the  disappearance  of 
a  certain  amount  of  one  kind  of  energy  always  gives  rise  to  the  appearance  of  a  perfectly  ds- 
Unite  amount  of  energy  in  another  form.  Pr.  Joule  and  Sir  William  Thomson  investigated  the 
question  in  the  case  of  electricity. 

It  is  well  known  (see  Current,  Heating  Effects  of)  that  when  an  electric  current  passes  through 
a  fine  wire  an  amount  of  heat  is  generated  which  depends  upon  the  strength  of  the  current ;  and 
also  that  when  a  wire  is  wiapp^  round  a  cylinder  of  soft  iron  a  definite  amount  of  magnetic 
force  is  developed  which  depends  upon  the  strength  of  the  current.  (See  Electro-magnet) 
Joule  and  Thomson  showed  Uiat  the  quantity  of  electricity  which,  when  converted  into  heat, 
would  raise  the  temperature  of  one  pound  of  water  through  i^  F.,  would,  if  converted  into 
mechanical  effect,  nose  one  pound  of  matter  through  772  feet. 

Again,  water  is  decomposed  by  the  electric  current  into  oxygen  and  hydrogen  (see  Eleetr6ly8is\ 
and  these  gases,  on  being  mixed  and  exploded,  produce  heat.  (See  Heat  of  Combination.) 
The  same  quantity  of  electricity  which  would,  if  turned  into  heat,  raise  one  pound  of  water 
through  i"  of  temperature,  would,  if  applied  to  work  against  the  chemical  forces  which  hold 
together  oxygen  and  hydrogen,  separate  a  Quantity  of  these  elements  such  that,  if  exploded,  it 
would  produce  predsely  the  same  amount  of  heat* 
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Thomson  also  determined  the  mechanical  value  of  certain  distributions  of  electricity  and 
magnetism,  but  for  these  mathematical  investigations  we  must  refer  the  reader  to  his  papers 
published  in  the  Transactions  of  the  Boyal  Society  ;  also,  for  further  particulars,  to  the  papers 
of  Joule,  Transactions  of  the  B.  S.  from  1840,  and  to  Grove's  Corrdation  of  the  Physical  Forces, 

ELECTRICITY,  PHYSIOLOGICAL  EFFECTS  OF.  The  passage  of  the  electric  dis- 
charge through  the  animal  body  produces  peculiar  physiological  effects.  On  touching  a  charged 
Leyden  jar,  and  permitting  its  electricity  to  pass  through  the  body,  a  sensation  is  experi^iced 
which  it  is  not  easy  to  describe.  Apparently,  the  muscles  swell  up  violently  and  suddenly,  and 
the  sensation  felt  might,  perhaps,  be  described  as  that  of  a  blow  throughout  all  the  parts 
of  the  body,  but  lasting  only  for  a  moment.  When  the  discharge  is  only  weak,  the  hands  and 
wrists  experience  the  shock;  but  with  more  powerful  discharges  it  extends  as  far  as  the  shoulders, 
and  even  throughout  the  chest.  Such  discharges  are,  however,  dangerous.  The  discharge  mav 
be  passed  through  a  large  number  of  persons  at  the  same  time.  By  forming  a  circuit,  in  which 
each  person  is  in  contact  with  his  neighbour  on  each  side,  a  shock  is  felt  by  aU  when  the  first 
and  last  touch  one  the  inside  and  the  other  the  outside  coating  of  the  jur. 

The  shock  may  easily  be  so  powerful  as  to  destroy  life.  No  great  quantity  of  electricity  is 
required  to  kill  animals,  such  as  mice,  rats,  or  small  dogs. 

The  physiological  effects  of  current  electricity  are  also  peculiar.  With  a  battery  of  30  or  40 
cells  a  powerful  shock  is  felt  when  the  circuit  is  opened  or  closed  by  the  hands. 

When  the  terminals  of  the  battexy  are  applied  one  above  and  the  other  below  the  tongue  » 
peculiar  sensation  or  taste  is  felt,  which  has  been  called  the  dectric  tatte.  With  a  strong 
battery  it  is  more  of  the  nature  of  a  stinging  sensation  than  of  a  taste  ;  but  the  impression  pro- 
duced by  a  single  cell  is  decidedly  that  of  a  taste.  The  electric  taste  is  an  excessively  delicate 
test  of  an  electric  current.  Signals  may  be  tasted  which  even  a  delicate  galvanometer  will  fail 
to  detect. 

If  two  metallic  slips  be  placed  between  the  gums  and  the  cheeks,  one  on  each  side,  and  one 
of  them  kept  connected  with  one  pole  of  a  battery  while  the  other  is  joined  to  the  other  pole  at 
intervals,  at  each  junction  a  flash  of  light  is  seen  before  the  eyes. 

If  the  electrodes  of  a  strong  battery,  30  or  40  cells,  be  inserted  into  the  ears,  a  noise  is  heard 
continuously. 

ELKC TKICITY,  THEORIES  OF.  Leaving  out  of  accomit  the  more  ancient  conjectures 
on  the  subject,  two  principal  hypotheses  have  been  put  forward,  in  order  to  explain  known  elec- 
trical phenomena ;  and  though  perhaps  neither  represents  the  true  state  of  the  case,  they  are, 
nevertheless,  of  high  practical  value  in  enabling  us  to  fix  our  ideas,  and  in  supplying  us  with 
definite  thoughts  and  language.  They  are  generally  known  as  "  the  double  fluid  hypothesis  of 
Dufay  and  Symmers,"  and  "  the  single  fluid  hypothesis  of  Franklin." 

The  first  supposes  all  matter  to  be  pervaded  by  two  imponderable  fluids,  one  of  which  is 
called  the  vitreous  fiuid  {vitrum,  glsss),  and  the  other  the  resinous  fluid  ;  and  to  each  of  these 
are  ascribed  the  properties  of  attracting  the  other,  and  of  repelling  other  portions  of  itself. 
When  in  every  portion  of  a  body  the  two  are  associated  in  equal  quantities,  the  body  is  neutral, 
that  is  to  say,  is  not  electrically  excited ;  but  when  either  preponderates  the  body  is  excited, 
and  is  said  to  be  electrified  vitreoudy  (like  glass  rubbed  with  silk),  or  resinoudy  (like  wax  rubbed 
with  fur),  according  as  it  possesses  a  superabundance  of  the  vitreous  or  of  the  resinous  fluid. 
(See  article  on  Electricity.)  It  follows  from  what  we  have  said  that  if  a  body  charged  vitre- 
ously  be  brought  into  the  neighbourhood  of  a  body  charged  resinously,  attraction  takes  place ; 
whereas,  if  a  vitreously  or  resinously  excited  body  be  brought  near  a  second  similarly  electrified, 
repulsion  is  manifested  between  them.  The  attraction  of  a  neutral  body  by  an  electrified  body 
was  explained  by  supposing  the  intimately  mixed  fluids  on  the  former  to  be  separated  under 
the  influence  of  the  latter  ;  the  unlike  fluid  to  be  attracted  to  the  near  side,  and  the  similar 
fluid  to  be  repelled  to  the  opposite  side  of  the  mass.  The  unlike  fluid  being  thus  nearer  than 
the  like  fluid  the  attraction  exerted  by  the  former  on  the  charged  body  on  the  whole  prevails 
over  the  repulsion  exerted  by  the  latter  according  to  the  well-known  quantitative  laws  depend- 
ing upon  distanoe.     (See  Electrostatics.) 

The  other  hypothesis,  namely,  the  single  fluid  hypothesis,  supposed  only  one  fluid  to  which 
Franklin  attributed  the  properties  of  attracting  matter,  and  of  repelling  bther  portions  of  itself. 
He  was  also  obliged  to  consider  that  two  portions  of  matter  unsaturated  with  this  fluid  exercised 
repulsion  on  each  other.  He  called  a  body  neutral  when  the  matter  that  it  contained  possessed 
exactly  enough  of  the  fluid  to  saturate  it,  and  in  this  case  it  possesses  neither  attraction  nor 
repulsion  on  other  neutral  matter.  A  body  which  possessed  an  excess  of  the  fluid,  he  said, 
was  positivdy  dectiHfiedy  and  a  body  which  possessed  a  quantity  of  the  fluid  less  than  it  would 
have  in  the  neutral  condition,  he  spoke  of  as  being  negoHvdy  electrified. 

ELECTRICITY,  VELOCITY  OF.    The  problem  of  determining  the  velocity  of  electri- 
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city  lias  been  nndertaken  by  several  naturaliBts  with  gpreat  care,  and  with  results  which  we  shall 
briefly  detail  in  this  article.  It  was  first  attempted  by  Wheatstone  in  1834  with  an  instrument 
invented  by  him  for  the  purpose,  and  known  under  the  name  of  the  Chronoscope.  This  consists 
of  a  mirror  rotating  with  enormous  velocity,  which  velocity  he  measured  by  means  of  the  musical 
note  produced  in  another  part  of  the  apparatus  by  the  same  motion.  In  front  of  the  mirror  a 
spark-board  was  placed,  which  was  a  circular  blodc  of  wood  in  which  were  set  in  a  row  six  wires 
carryiog  small  knobs,  and  round  these  and  over  the  face  of  the  wood  was  a  thick  coating  of 
some  resinous  insulating  compound.  The  outer  coating  of  a  Leyden  jar  was  connected  with  the 
first  of  the  knobs ;  between  the  second  and  third  a  quarter  of  a  mile  of  copper  wire  was  inserted, 
and  also  a  quarter  of  a  mile  between  the  fourth  and  fifth.  When  an  experiment  was  to  be 
made  the  sixth  knob  was  connected  with  the  inside  coating  of  the  jar.  The  discharge  then 
took  place  in  the  following  way  :  a  spark  passed  from  No.  6  to  No.  5 ;  the  electricity  had  then 
to  traverse  a  quarter  of  a  mile  of  copper  wire  to  reach  No.  4 ;  a  spark  occurred  between  No.  4 
and  No.  3 ;  then  came  the  second  coil  of  wire ;  and,  lastly,  the  spark  passed  from  No.  2  to  No.  I. 
Now,  if  the  three  sparks  all  occurred  at  the  same  instant,  the  reflection  of  them  in  the  mirror 
would  all  be  seen  side  by  side  in  a  row ;  but  if  one  of  them  occurred  later  than  another,  the 
mirror  would  have  turned  onward  through  a  small  angle,  and  the  image  of  the  sparks  would  ex- 
hibit  this  retardation.  The  latter  was  found  to  be  the  case,  and  from  measurements  made  in  this 
way  Wheatstone  estimated  the  velocity  of  electricity  at  288,000  miles  per  second,  a  rate  at 
which  it  would  travel  twelve  times  round  the  earth  in  one  second. 

Subsequent  investigation  showed,  however,  that  it  is  impossible  to  express  the  velocity  of 
electricity  absolutely,  and  that  it  depends  veiy  much  upon  the  circumstances  under  which  the 
signal  is  transmitted.     The  following  table  of  results  shows  this  : — 

Wheatstone,  1834,    . 
Fizeau  and  Gonelle  . 

Mitchell  (Cincinnati) 

Walker  (America),    . 

Gould, 

Astronomers  of  Greenwich  and  Edinburgh, 

Astronomers  of  Greenwich  and  Brussels,     . 

Atlantic  Cable,  1857  ;  2,500  miles  with  heavy  needle  gal- 
vanometer and  induction  coils 

Atlantic  Cable,  1858  ;  3000  miles ;  Thomson's  mirror  gal- 
vanometer, and  Darnell's  battery, 

The  explanation  of  the  meaning  of  these  discrepant  results  was  begun  by  Faraday,  and  was 
completed  by  Sir  William  Thomson,  who  gave,  (in  papers  communicated  to  the  Boyal  Society, 
1854  to  1856,  and  published  afterwards  in  the  Pkilotophical  Magazine),  a  complete  investigation 
of  the  laws  of  electric  retardation.  Faraday  showed  that  if  an  electric  cable,  consisting  of  a  wire 
or  wires  covered  with  gutta  percha,  be  submerged,  it  acts  precisely  as  an  enonnous  Leyden  jar 
would  under  the  circumstances.  The  wire  forms  the  interior  coating,  the  gutta  percha  the 
insulating  medium,  while  the  water,  in  which  it  is  immersed,  takes  the  place  of  the  exterior 
coating.  He  proved  that,  under  these  circumstances,  a  certain  time  is  necessary  to  charge  the 
cable  ;  and  that,  after  communication  has  been  cut  off  from  the  battery,  a  certain  time  is  also 
requited,  on  putting  it  into  communication  with  the  ground,  to  dischai^ge  it ;  but  if,  instead  of 
submerged  wires,  he  made  use  of  wires  freely  suspended  in  the  air,  these  phenomena  were 
scarcely  at  all  exhibited,  what  retardation  there  was  being  possibly,  to  some  extent,  dependent 
on  electrostatic  induction  towards  neighbouring  objects.  Wheatstone  also  made  some  experi- 
ments, which  proved  that  a  cable,  consisting  of  a  copper  wire  covered  with  gutt**  percha,  and 
having  a  sheathing  of  wire  outside,  even  though  not  immersed,  gave  precisely  the  same  results 
arising  from  induction,  as  Faraday  had  observed :  the  wire  covering  acts  in  this  case  as  the 
outer  coatine.  Sir  William  Thomson  thus  states  his  theoiy  (see  the  papers  just  referred  to, 
and  an  artide  by  him  on  the  subject  in  Nichol's  Cydopsema,  Second  Edition.)  The  trans- 
mission of  an  electric  signal  depends  on  three  propertied  of  electricity,  (i.)  Charge  and 
electrical  accumulation  in  a  conductor  subjected  in  any  way  to  the  process  of  electrification. 
(2.)  Electro-magnetic  induction,  or  electro-motive  force,  excited  in  a  conductor  by  variations 
of  electric  currents,  either  in  adjacent  conductors  or  in  different  parts  of  its  own  length.  (3.) 
Bedstance  to  conduction  through  a  solid.  He  draws  the  analogy  between  the  transnussion  of 
a  signal,  and  the  sending  of  water  through  a  canal  or  tube,  which  depends  on — (i.)  Accumulation 
of  a  greater  or  leas  amount  of  water  in  any  part  of  the  canal  or  tube ;  (2.)  Inertia  of  the 
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water ;  and  (3.)  Vuoosity  or  fluid  friction ;  and  he  shows  that,  supposing  the  tuhe  to  be 
filled  with  porous  or  spongy  matter,  in  order  to  make  the  law  of  resistance  to  the  motion  of  the 
fluid  the  same  as  the  law  of  electric  resistance,  the  two  problems  present  the  same  elements  for 
mathematical  calculation ;  and  the  same  equations  express  the  law  of  motion  in  both  cases.  He 
proves,  also,  that  the  retardation  due  to  electro-magnetic  induction  is  insensible,  and  that  on 
the  first  and  third  properties  depends  the  whole  of  it.  According  to  this  theory,  the  difference 
between  the  rate  of  transmission  of  signals,  in  a  short  line  insuUted  in  the  air,  and  in  a  long 
submarine  cable,  depends  upon  the  way  in  which  the  electrical  impulses  traverse  the  wire.  In 
the  former  case  the  electrostatic  capacity  is  extremely  small,  and  the  wire  is  at  once  filled  and 
at  once  discharged ;  in  the  latter  the  discharge  takes  a  considerable  time  for  its  completion. 
There  is  a  ''long  gxiidual  swell,  and  still  more  gradual  subsidence  of  the  electric  current"  at  any 
distant  part  of  the  conductor  :  and  the  length  of  time  that  elapses  between  the  moment  of  the 
initial  impulse  and  the  attainment  of  maximum  strength,  or  of  any  proportion  of  the  maximum 
strength,  is  proportional  to  the  square  of  the  length  of  the  line.  "  The  beginning  of  the  current 
is  instantaneous  all  along  the  line,  and  is  practically  observable  after  a  smaller  and  smaller  interval 
the  more  sensitive  the  instrument  employed  to  detect  it."  This  last  observation  is  seen  to  be 
verified  on  referring  to  the  velocities,  calculated  from  observations,  with  the  heavy  needle 
galvanometer,  and  with  Thomson's  mirror  galvanometer. 

ELECTRIC  IMAGES.    See  Images,  EUetaric 

ELECTRIC  LAMP.    See  Lamp,  EUctrie, 

ELECTRIC  LIGHT.  The  luminous  effect  of  the  electric  current  forms  one  of  the  most 
striking  phenomena  connected  with  it.  When  the  terminals  of  a  very  powerful  battery  are 
joined,  and  then  very  slightly  separated,  the  electric  current  can  be  made  to  pass  through  the 
air,  giving  rbe  to  the  most  intense  light  and  heat.  In  order  to  exhibit  it  the  wires  coming 
from  the  battery  are  connected  with  a  mechanical  arrangement,  by  means  of  which  two  carbon 
points  can  be  made  to  touch,  and  then  separated  to  any  required  distance  from  each  other.  If 
the  wires  themselves  were  made  use  of  the  intense  heat  at  the  point  where  the  separation  takes 
place  would  at  once  melt  and  destroy  them.  The  carbon  points  are  best  made  from  the  haid 
gas  carbon,  a  substance  which  is  found  deposited  in  the  heads  of  the  gas  retorts.  It  is  cut  into 
pencils  or  else  powdered,  and  then  compressed  in  a  mould  into  the  required  shape.  We  thus 
obtain  terminals  of  very  high  conducting  power,  and  which  remain  infusible  even  under  that 
intense  heat  The  points  of  these  being  brought  together  the  current  is  set  up ;  they  are  then 
withdrawn  as  far  as  possible,  in  the  case  of  a  battery  of  50  cells  the  distance  may  be  a  tenth  of 
an  inch  or  more,  and  immediately  the  most  darkling  pure  white  light  appears,  so  brilliant  indeed 
that  it  is  almost  impossible  to  look  at  it  safely  with  the  naked  eye.  On  examining  the  charcoal 
points  with  the  aid  of  coloured  glasses,  or  by  projecting  an  image  of  them  on  a  screen  by  means 
of  a  lens,  it  is  found  that  the  greater  part  of  the  light  proceeds  from  the  tips  of  the  carbon, 
which  are  heated  to  intense  "vniiteness.  Part  of  it  also  comes  from  a  flame  which  is  seen  be- 
tween and  around  them,  and  which  consists  of  small  particles  of  carbon  in  motion  from  one  to 
the  other,  and  in  a  state  of  incandescence.  The  positive  pole  is  the  most  intensely  heated  ;  for 
on  stopping  the  current  it  will  be  found  to  remain  red-hot  for  some  time  after  this  other  haa 
ceased  to  ^  so.  The  light  is  not  produced  by  the  combustion  of  the  carbon,  or  at  least  only  to 
a  small  extent,  but  from  the  bringing  of  the  solid  particles  into  a  state  of  intense  white  heat. 
This  ia  shown  by  the  fact  that  the  light  bums  under  water  or  oil,  or  any  non-conducting  fluid, 
though  with  diminished  brightness,  and  that  in  vacuo  it  is  obtained  with  its  brilliancy  very 
much  increased. 

During  the  passage  of  the  electric  current  the  particles  of  the  carbon  are  carried  from  the 
positive  poles.  They  are  partiy  burned  on  the  way,  and  partiy  reach  the  negative  pole.  Both 
the  poles  waste  away,  but  the  positive  pole  at  double  the  rate  of  the  negative  pole.  The 
positive  pole  also  has  a  hollowed  out  appearance,  owing  to  the  carrying  off  of  its  particles,  while 
the  negative  pole,  which  is  receiving  particles  from  it,  has  a  pointed  form.  It  is  the  passage 
through  the  air  of  these  partides  which  gives  rise  to  the  appearance  of  the  arch  of  flame  be- 
tween the  two  poles. 

The  arch  of  flame  is  called  the  Voltaic  are.  It  is  the  most  intense  artificial  heat  that  we 
possess.  In  it  platinum  wire  and  even  such  a  refractory  body  as  clay,  the  stem  of  a  tobacco 
pipe,  for  example,  may  be  melted  as  sealing-wax  in  the  flame  of  a  candle.  The  fusion  of  metals 
ike  platinum,  iridium,  &c.,  is  performed  by  placing  them  in  a  small  cup  or  crucible  formed  of 
gas  carbon,  which  is  substituted  for  the  point  attached  to  the  positive  pole.  The  other  point  Is 
then  brought  down  upon  the  metal,  and,  with  the  assistance  of  twenty  or  thirty  cells  of  a  battery 
the  fusion  readily  takes  place. 

The  wasting  away  of  the  poles  soon  causes  the  distance  between  the  points  to  become  so 
great  that  the  oorrent  will  no  longer  pass.     The  points  must  then  be  pushed  forward  to  touch 
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again,  and  again  withdrawn.  Aatomatio  arrangementa  are  made  for  adjuBting  the  points  as 
required,  bo  that  the  distance  between  them  may  be  invariable.  These  are  described  under 
Lam/py  EUc^rie.  

ELECTRIC  LIGHT,  PHOTOMETRIC  VALUE  OF.  Plofessor  W.  B.  Rogers  (StHi- 
man's  Journal,  voL  xxxri,  p.  307)  has  given  the  results  of  some  experiments  which  he  tried  on 
this  subject.  The  batteiy  was  very  power'.;],  consisting  of  250  carbon  elements,  each  having 
an  active  zinc  surface  of  85  square  inches.  They  were  grouped  in  five  batallions  of  50  each, 
and  the  light  was  produced  in  an  apartment  where  a  range  of  about  50  feet  could  be  obtained 
for  the  photometric  apparatus.  Instead  of  an  ordinaiy  standard  light,  equivalent  to  20  candles, 
a  unit  was  substituted  ten  times  as  great,  equal  therefore  to  200  candles.  By  a  series  of  experi- 
ments, with  the  naked  electric  light  unaided  by  a  reflector,  it  was  found  that  its  intensity  was 
from  52  to  61  times  as  great  as  the  standard  light,  making  it  equal  in  illuminating  power 
to  from  10,000  to  12,000  standard  spenn  candles.  When  the  rays  were  concentrated  by  a  para- 
bolic reflector,  the  illuminating  force  had  a  value  equal  to  several  millions  of  candles,  all  pour- 
ing forth  their  light  at  the  same  time.  The  only  previous  measurement  of  the  illuminating 
power  of  the  electric  light  which  we  can  remember  is  one  given  by  Bunsen.  This  was  taken 
with  a  less  powerful  battery  (48  ceUs),  and  the  photometric  equivalent  was  estimated  at  572 
candles,  giving  a  proportion  of  12  candles  to  the  cell,  whilst  Professor  Rogers'  estimate  gives 
ibe  ratio  of  40  candles  to  the  cell.    (See  Pfiatometry.) 

ELECTRIC  LIGHT,  SPECTRUM  OF  THE.  The  apectrum  of  the  electric  Hght  is  of  a 
highly  complex  character.  The  intense  heat  of  the  arc  dissipates  into  vapour  almcst  every  sub- 
stance contained  in  the  tenninals,  and  as  the  carbon  points  are  always  contaminated  with 
small  portions  of  iron,  together  with  earthy  and  alkaline  compounds,  the  spectra  of  these  bodies 
are  generally  visible.  Besides  these  the  Ihies  due  to  oxvgen,  nitrogen,  and  sometimes  aqueous 
vapour  and  carbonic  add,  are  visible.  The  electric  light  is  extremely  rich  in  the  actinic  or 
ultra-violet  rays.    (See  AcUniim;  Spectrum,) 

ELECTRIC  BiACHINES.  The  principal  foims  of  electric  machine  now  m  use  are  the 
Cylinder  Machine  and  the  Plate  Mctckme, 

The  Cylinder  Electric  Machine  is  constructed  in  the  following  way  :  A  glass  cylinder  is 
supported  by  means  of  a  horisontal  axis  on  two  wooden  uprights,  and  is  turned  by  a  handle 
attached  to  one  extremity  of  the  axis.  Parallel  to  the  glass  cylinder  are  two  of  brass,  one  on 
each  side  of  it,  equally  long  with  it,  but  of  smaller  diameter ;  and  these  are  supported  on  glass 
pillars  fixed  into  a  wooden  table  or  board,  which  also  carries  the  wooden  uprights.  To  one  of 
the  brass  cylinders  is  attached  a  cushion  as  long  as  the  cylinder  itself ;  it  is  made  of  horse  hair, 
and  covered  with  leather ;  and,  by  means  of  a  spring  or  a  screw,  it  is  kept  pressing  against  the 
glass  cylinder.  A  long  flap  of  silk  is  attached  to  the  lower  edge  of  the  cushion ;  and,  when  the 
machine  is  at  work;  it  passes  between  the  cushion  and  the  glass  cylinder,  and  lies  over  the 
latter,  covering  the  whole  upper  half  of  it.  The  portion  of  the  silk  which  covers  the  cushion 
is  spread  with  electric  amalgam.  (See  Amalgam,  Electric,)  The  other  brass  cylinder,  which  is 
called  the  prime  conductor  of  the  machine,  is  furnished  with  a  horizontal  row  of  pointed  wires, 
like  a  comb,  with  intervals  of  half  an  inch  between  its  teeth,  which'  project  towards  the  glass 
cylinder,  approaching  as  nearly  as  possible  without  touching  it. 

When  the  glass  cylinder  is  turned  it  becomes  positively,  and  the  cushion  negatively,  electri- 
fied by  friction.  The  positively  electrified  glass  is  carried  round  till  it  comes  opposite  to  the 
points  belonging  to  the  prime  conductor.  The  prime  conductor  becomes  excited  by  induction, 
and  in  fact,  is  electrified  negi^tively  on  the  side  nearest  to  the  glass,  and  positively  on  the  side 
opposite  to  the  glass.  But  the  pomts  have  no  power  to  hold  a  cha^.  (See  Power  of  Pointe; 
JUeetrie  JHstribHion,  under  Ekdridty)^  and  they  discharge  towards  the  glass  cylinder,  permitting 
negative  electricity  to  flow  from  themselves  towards  it,  and  thus  they  neutralise  the  positive 
electricity  on  it ;  and,  as  will  readily  be  seen,  leave  the  prime  conductor  charged  with  positive 
electricity.  A  spark  of  positive  electricity  can  now  be  obtained  fhim  the  prime  conductor. 
But,  during  this  time,  the  cushion  has,  as  we  have  mentioned,  been  charging  with  negative 
electricity,  and  when  it  has  attained  a  certain  degree  of  electiification,  it  is  necessary  to  dis- 
charse  it  before  any  more  positive  electricity  can  be  obtained  from  the  prime  conductor.  This 
could  be  done  by  touching  it,  and  sparks  of  positive  and  negative  electricity  could  thus  be 
alternately  produced ;  but,  instead  of  doing  this,  it  is  usual  to  connect  the  cushion  permanently 
by  means  of  a  chain  or  wire  to  the  earth,  and  then,  on  turning  the  machine,  a  continuous  ctis- 
charge  of  positive  electricity  can  be  got  from  the  prime  conductor. 

The  Plate  Electric  Machine  is  the  same  in  principle  as  the  cylinder  machine,  but  instead  of  a 
glass  cylinder,  a  drculap  glass  disc  or  plate,  \  inch  or  more  in  thickness,  and  from  3  to  5  feet  in 
diameter,  is  tued.  There  are  several  modifications  of  the  plate  machine.  That  of  Ramsden  is, 
pcvhaps,  the  moat  common,  and  in  almost  every  respect  ODrrespoinds  to  the  cylinder  machine. 
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That  designed  by  Winter  of  Vienna  is  the  most  novel,  and  by  far  the  most  powexf uL    We 
shall  next  describe  it. 

In  the  middle  of  the  glass  plate  is  inserted  a  wooden  piece  which  forms  a  socket  for  a  strong 
glass  rod,  tho  axle  on  which  the  plate  turns.  At  opposite  extremities  of  a  diameter  of  the  plate 
are  a  brass  cylinder  which  carries  the  rubbers,  and  a  large  brass  ball.  This  ball,  the  prime 
conductor  of  the  machine,  has  four  holes  opening  into  its  centre,  the  edges  of  which  are  trumpet- 
shaped  to  prevent  the  dissipation  of  electricity.  The  glass  pillar  which  supports  it  fits  into  one 
of  them,  and  into  another  which  is  on  the  side  near  to  the  edge  of  the  plate  fits  a  brass  stem. 
This  last  carries  two  mahogany  rings,  one  on  each  side  of  the  glass  plate,  with  their  planes 
parallel  to  the  plane  of  the  plate  ;  and  the  electricity  is  collected  by  means  of  a  row  of  points 
fitted  into  grooves  on  the  sides  of  the  rings  next  the  plate.  The  grooves  are  covered  inside 
with  tinfoil,  which  makes  perfect  communication  with  the  brass  ball,  and  the  points  do  not 
project  beyond  the  edges  of  the  grooves.  The  third  opening  in  the  brass  ball  is  also  horizontal, 
and  into  it  inay  be  inserted  a  stem  with  a  brass  ball  for  sparks.  The  top  opening  is  to  carry  a 
large  ring  which  can  be  removed  at  pleasure.  To  form  the  ring  a  stout  iron  wire  is  bent  into 
the  shape  of  a  ring  with  a  stalk  attached.  This  is  carefully  covered  with  polished  mahogany,  and 
by  means  of  a  brass  wire  coming  through  it,  connection  is  made  between  the  iron  ring  and  the 
brass  ball  in  which  it  stands.  The  ring  is  one  of  the  peculiarities  of  Winter's  machine.  Its 
object  is  to  give  a  lar^  surface  for  collecting  electricity  which  shall  have  as  little  tendency  as 
possible  to  throw  off  electricity.  (See  Ditsipatum.)  The  effects  obtainable  from  a  Winter's 
machine  are  wonderful.    (See  also  IHsckarge.) 

Armstr(3wf%  Hydro-EUctric  Machine  is  a  machine  for  obtaining  electridly  by  the  friction 
of  moist  steam.  The  attention  of  Sir  W.  Armstrong  (then  Mr.  Armstrong)  was  called 
to  this  mode  of  obtaining  electricity  by  a  workman  who  accidentally  received  a  shock 
whilst  testing  a  steam-boiler.  Mr.  Aimstrong  designed  the  electric  machine,  and  the  con- 
ditions for  producing  electricity  by  friction  of  steam  were  afterwards  completely  investigated 
by  Mr.  Faraday.  The  nuK;hine  consists  of  a  boiler  similar  to  that  of  a  locomotive  insulated  on 
four  glass  legs.  To  the  escape  pipe  is  attached  a  row  of  nozzles,  constructed  so  as  to  give  as 
much  friction  as  possible  to  the  steam  which  rushes  out  through  them.  Round  the  nozzles, 
between  their  extremities,  and  the  part  at  which  they  join  the  escape  pipe,  is  a  box  of  cold  water, 
in  order  that  the  steam,  after  passing  through  it,  may  issue  from  the  nozzles  charged  with 
vesicles  of  water.  (This  was  found  by  Faraday  to  be  a  necessazy  condition  for  the  px^uction 
of  electricity.)  The  steam  blows  against  a  row  of  points  attached  to  a  large  metal  ball  (which 
is  the  prime  conductor  of  the  machme),  insulated  on  a  separate  pillar  from  the  boiler.  When 
the  steam  blows  off  it  becomes  charged  with  positive  electrid^,  the  boiler  with  negative  elec- 
tricity.    The  electricity  of  the  steam  is  given  up  to  the  points  and  prime  conductor. 

There  are  many  other  forms  of  electric  machine,  besides  those  described  above,  for  informal 
tion  with  regard  to  which  we  must  refer  our  readers  to  detailed  works  on  electricity.  Lately 
machines,  depending  for  their  action  upon  statical  induction,  have  been  brought  into  use,  and 
among  these  may  be  mentioned  those  of  M.  Holtz,  Mr.  Yarley,  and  Sir  William  Thomson.  A 
description  of  the  first  will  be  found  in  Jamin,  Coun  de  PhysiquCy  voL  iii.,  and  of  the  last  in 
the  Philosophical  Moffozine,  1868.  Mr.  Varley's  machine  is  used  in  connection  with  his  im- 
provements in  telegraphy,  and  will  be  found  described  with  the  specification  of  his  patent. 

ELECTRIC  MACHINE,  INDUCTION.    See  Induction  CoU. 

ELECTRIC  RESISTANCE.     See  Resistance,  EUctric,  and  Cond^tction,  Electric, 

ELECTRICS.  (iiXeKTpoVf  amber.)  The  earliest  experimenters  in  electricity  found  that, 
while  they  could  excite  electrically  a  certain  class  of  bodies,  such  as  amber,  sealing  wax,  and 
glass,  by  friction,  tiiere  were  others  which  were  incapable  of  electric  excitement ;  and  the  efforts 
of  the  first  students  of  electric  science  were  directed  to  the  division  of  all  bodies  into  two 
classes,  those  which  could,  and  those  which  could  not,  be  excited  by  friction.  The  former  they 
called  electrics,  from  the  Greek  name  for  amber,  the  chief  of  the  exdteable  bodies,  and  the  latter 
class  they  called  non-electrics  ;  names  which,  it  is  said,  were  applied  by  Gilbert  of  Colchester 
in  A.  I).  1600.  It  was  shown,  however,  by  M.  Du  Fay,  that  electrics  and  non-electrics  are 
identical  with  w/n^wndudors  and  coTiduetors  respectively ;  that  the  reason  why  a  brass  rod  is 
apparently  unexdteable  and  a  non-electric,  is  that  the  brass  has  the  power  of  permitting  the 
electricity  as  fast  as  it  is  produced  to  pass  away  along  its  smiace  to  any  other  b<>dy,  as,  for  ex- 
ample, the  hand  of  the  experimenter ;  and  that  if  proper  precautions  be  taken,  such  as  holding  the 
brass  rod  by  means  of  a  glass  handle,  or  supporting  it  by  a  silk  string,  it  may  be  exdted  by 
friction,  just  as  easily  as  a  rod  of  glara.  From  that  time  the  .distinction  between  electrics  and 
non-electrics  held  no  longer  in  the  original  f onn.  The  terms  are  still,  however,  made  use  of 
frequently.     (See  also  Electricity.) 

ELECTRIC  SPARK.    See  SjMrk,  Electric^  and  Discharge,  Electric, 
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ELECTRIC  SPARK,  PHOTOMETRIC  VALUE  OF.  The  visibiHty  of  the  electric 
spark  ia  enormously  greater  than  that  of  a  permanent  light  produced  by  a  batteiy  of  the  same 
power.  M.  Felix  Lucas  concludes,  from  theoretical  considerations,  that  the  distance  at  which 
the  electric  spark  is  yisible  is  greater  than  that  of  a  permanent  light,  the  apparent  intensity  of 
which  would  be  250,000  times  that  of  the  spark.  The  light  actually  employed  to  illuminate 
modem  lighthouses  gives  a  brilliancy  equal  to  125  Carcel  lamps.  An  electric  spark,  possessing 
the  illuminating  power  of  the  200th  part  only  of  a  Caioel  burner,  is  superior  as  to  its  power  of 
projecting  light.  Hence  we  can  conceive  the  immense  effect  of  a  warning  light,  composed  of 
intermittent  flashes  of  the  electric  spark,  proceeding  from  a  strong  Leyden  batteiy.  M.  Lucas 
states  that  in  an  experiment  made  in  a  laboratory  two  apparatus  were  employed,  one  voltaic 
battery  being  equal  to  125  Carcel  lamps,  and  another  spark-battery  equivalent  to  only  the 
i*2000th  part  of  a  Carcel  lamp.  The  photometer  (such  as  is  employed  in  the  lighthouse 
administration)  showed  a  marked  superiority  in  favour  of  the  spark.     (See  Pkotomdry.) 

ELECTRIC  SPARK,  SPECTRUM  OF.  When  the  electric  spark  taken  between  metaUic 
terminals  is  examined  in  the  spectroscope,  there  are  seen,  besides  the  lines  due  to  the  air,  a  series 
of  bright  bands  and  lines  which  are  peculiar  to  the  metal  of  which  the  poles  consist.  These 
lines  have  recently  been  thoroughly  examined  by  Mr.  Huggins.  (See  his  paper  on  the  Spectra 
of  iome  of  the  Chemical  EUmenU,  PhiL  Trans,  1864,  part  ii.,  page  139.)  For  farther  par- 
ticulars, with  maps  of  the  spectra  given  by  the  chemi(»l  element^  &e  reader  is  referred  to  the 
above  paper.     (See  Spectrwn,) 

ELECTRIC  TELEGRAPH.    See  Tdegraph;  CaJUe,  Svbmarine;  Atlantic  Telegraph, 

ELECTRO-CHEMISTRY  treats  of  the  chemical  changes  which  take  place  under  the 
influence  of  electricity.  It  is  generally  divided  into  several  parts ;  and  in  this  volume  these  are 
dealt  with  separately.  Thus,  under  the  term  EUetrolyris  is  discussed  the  decomposition,  or 
separation  into  its  constituent  parts,  of  a  compound  body  by  the  passage  of  the  electric  current ; 
and  under  EUct/ro-metaUurgy,  and  its  two  branches  Electro-plating  and  EUetro-tgping,  the  applica- 
tion of  electrolysiB  to  the  arts.  The  chemical  actions  which  go  on  within  the  battery  are 
considered  under  that  head ;  but  there  are  one  or  two  points  of  importance  which  may  be  put 
forward  here. 

One  of  the  most  ordinary  cases  in  which  electricity  brings  about  a  chemical  change,  is  that  in 
which  oxygen  and  hydrogen,  or  other  gases,  mixed  together,  are  made  to  combine  by  the  elec- 
tric spark.  This  is  generaUy  effected  in  a  eudiometer,  which  is  a  strong  glass  tube,  closed  at 
one  end,  and  usually  graduated.  A  pair  of  platinum  wires  are  passed  tlurough  opposite  sides  of 
the  glass,  being  fused  into  it,  and  their  points,  inside  the  tube,  are  brought  to  within  a  tenth  or 
a  twentieth  of  an  inch  of  each  other.  The  mixture  of  the  gases  to  be  examined  is  introduced 
into  this  tube  over  mercury,  care  being  taken  not  to  fill  it  completely ;  a  column  of  an  inch  or 
more  of  mercury  is  left  within  it.  When  the  spark  is  to  be  passed,  the  open  end  of  the  tube 
is  depressed  conidderably  below  the  level  of  the  mercunr,  over  whic^  the  tube  stands,  and  thus 
when  the  explosion,  which  aooompanies  the  passage  of  the  spark,  takes  place,  the  gas  within 
the  tube  is  not  driven  oat  by  it. 

In  this  way  a  mixture  of  oxygen  and  hydrogen,  in  the  proportion  of  one  volume  of  the  former 
to  two  of  the  latter,  are  made  to  combine  together  and  form  water.  After  the  explosion  (which 
oocuzB  witii  great  violence,)  has  taken  place,  the  steam,  at  first  produced,  condenses,  and  the 
mercury  rushes  up  and  completely  fills  the  tube,  if  the  mixture  be  in  the  proportion  mentioned 
above.  If  it  be  not,  the  explosion  still  takes  places  unless  there  be  a  very  large  excess  of  either 
gas ;  the  combination  is,  however,  in  tiie  proportion  of  one  volume  of  oxygen  to  two  of  hydro- 
gen, and  tiie  remainder  of  whichever  gas  is  in  excess  ia  left.  But  if  there  be  a  very  large  ex- 
cess of  one  gas, — ^twenty  times  too  much  hydrogen,  or  thirty  times  too  much  oxygen,  the  explo- 
sion does  not  take  place.  In  this  case,  however,  on  passing  a  series  of  electric  sparks  between 
the  points,  the  formation  of  as  much  water  as  corresponds  to  the  volume  of  that  gas  whose 
quantity  is  the  smallest,  can  by  degrees  be  brought  about. 

The  sparks  may  be  passed  from  the  electric  machine,  or  from  the  electrophorus,  or  when  a 
continuous  stroam  is  required,  tiie  spark  from  an  induction  ooil  may4)e  very  convenientiy  used. 

The  power  of  the  electric  spark  to  bring  about  chemical  combination  appears,  in  this  and 
similar  cases,  to  be  due  to  its  heating  effect  In  the  case  of  a  mixturo  of  one  volume  of  oxygen 
and  two  volumes  of  hvdrogen,  the  combination  of  the  molecules  in  close  proximity  to  the 
place  at  which  the  spark  passes  is  determined  first,  and  the  heat  of  combination  of  these  is 
sufficient  to  explode  those  near  to  them.  Thus  the  combustion  spreads  gradually,  though,  of 
course,  with  immense  rapidity,  through  the  whole  voltune.  But  if  there  be  added  to  the  mix- 
ture a  very  large  excess  either  of  oxygen,  or  hydrogen,  or  of  some  gas,  such  as  nitrogen  or  carbonic 
acid  gas,  whidi  has  no  great  affinity  for  either,  the  cooling  effect  of  this  gas  b  so  great,  that 
the  combustion  only  goes  on  dose  to  the  spot  where  the  spark  passes^  and  does  not  spread 
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tluroughout  the  mua.  The  combination,  in  that  case,  is  effected  by  means  of  a  very  lai^  num- 
ber of  sparks.  The  same  b  the  case  with  gases  which  do  not  combine  energetically.  Thns, 
nitrogen  and  oxygen,  produce  very  little  heat  by  their  combination,  and  a  single  spark  does 
not  combine  them  ;  but  if  a  series  of  sparks  be  sent  through  the  mixture,  the  oxides  of  nitrogen 
are  formed,  and  by  including  in  the  tube  water  or  solution  of  caustic  potash,  or  soda^  nitric 
acid,  or  nitrate  of  potassium  or  sodium,  may  be  very  easily  obtained. 

The  combination  of  various  gaseous  mixtures  may  be  effected  in  either  of  these  ways. 
We  must  content  ourselves  with  mentioning  one  other  important  case.  It  had  been  ob* 
served  that,  on  turning  the  electric  machine,  especially  if  there  be  points  attached  to 
the  prime  conductor,  or  if  sparks  are  being  rapidly  taken,  a  peculiar  odour  is  product 
and  the  same  is  noticed  in  the  oxygen  which  comes  from  the  electrolytic  decomposition  of 
water.  SckSnbein  showed  that  this  arises  from  the  effect  of  the  electric  discharge  on  the  oxygen 
gas  around  it.  He  called  the  body,  which  he  supposed  to  be  formed,  and  from  which  the  odour 
arises,  ozone ;  and  investigated  the  circumstances  of  its  pnxluction  and  destruction.  Long  dis- 
cussion as  to  the  composition  of  this  body  followed  the  publication  of  Schonbein's  observations ; 
but  it  is  now  generally  admitted  that  ozone  consists  of  oxygen  condensed  into  a  smaller  bulk, 
tod  in  all  probability  is  formed  by  the  combination  of  oxygen  with  itself.     (See  Ozone. ) 

Not  only  is  combination  effecteid  under  the  influence  of  the  electric  spark,  but  what  appears 
strange,  the  spark  also  produces  the  decomposition  of  a  compound.  Thus  ammonia  gas  is 
doubled  in  volume  by  the  passage  of  the  electric  spark,  being  split  up  into  hydrogen  and  nitro- 
gen, in  the  proportion  of  three  volumes  of  the  former  to  one  of  the  latter.  Nitric  oxide  under 
the  same  treatment  becomes  nitric  add  and  oxygen ;  and  nibrous  oxide  becomes  nitrogen  and 
oxygen.  Other  gases  can  also  be  decomposed.  The  action  of  the  spark  upon  a  liquid  is  shown 
by  causing  the  electric  discharge  to  take  place  through  the  liquid  between  two  very  fine  points 
placed  at  a  short  distance  from  each  other.  Wollaston  adopted  the  method  of  endosing  a  very 
fine  gold  wire  in  a  capillary  tube,  and  heating  the  glass  so  as  to  fuse  the  wire  on  to  the  end  of  it 
and  completely  cover  it.  The  glass  was  then  filed  vexy  gently  away  till  the  wire  is  just  seen 
with  the  aid  of  a  lens  to  be  uncovered.  When  sparks  are  passed  between  two  such  points,  through 
water,  a  continuous  stream  of  gas  is  seen  to  rise  from  each  of  the  points.  The  decomposition 
which  occurs  here  is  not  at  all  the  same  as  that  which  takes  place  when  a  current  mi  electricity 
is  sent  through  the  liquid.  In  the  latter  case  oxygen  rises  from  one  plate  and  hydrogen  from 
the  other ;  but  in  the  case  of  water  deoompoeed  by  the  spark,  hydrogen  and  oxygen,  mixed, 
oome  off  from  each  of  the  points. 

From  the  experiments  of  Grove,  it  appears  that  in  all  these  cases  the  chemical  action  brought 
about  by  the  spark,  is  due  to  the  very  intense  heat  developed  by  it.  He  showed  similar  combina- 
tion and  decomposition  taking  place  under  the  influence  of  incandescent  platinum,  heated  either 
by  the  passage  of  the  electric  curreDt  through  it  or  in  some  other  way.  We  are  unable  to  de- 
tail his  experiments  here ;  but  refer  our  readers  to  the  papers  of  Grove,  or  to  the  treatise  of 
De  la  Rive,  vol.  ii. 

ELECTRODE.  {iBbs,  a  way.)  A  term  introduced  by  Faraday  to  designate  a  surface  at 
which  the  electric  current  either  enters  or  leaves  a  body  under  electrolytio  decomposition.  He 
calls  that  tiie  anode  (di^d,  upwards)  at  which  the  current  enters,  and  that  the  kathode  (icard^ 
downward)  at  which  the  current  leaves  the  electrolyte.     (See  Anode;  Eledrclym), 

ELECTRO-DYNAMICS.  (diW/uf,  force.)  Under  this  not  very  appropriate  name  is 
usually  included  that  part  of  electrical  sdenoe  which  deals  with  the  attraction  and  repulsion 
manifested  between  currents  and  currents,  and  between  currents  and  magnets.  In  1 8 19, 
GSrsted  discovered  that  force  is  exerted  by  a  current  on  a  magnet  in  its  neighbourhood.  Ampere 
also  examined  the  nature  of  this  force,  and  afterwards  showed  a  similar  force  existing  between 
two  currents. 

Ampl're's  fundamental  law  which  governs  the  mutual  action  of  currents  upon  currents  is 
that  two  currents fiowin^  in  the  tame  directum  attract  each  other;  two  carrenU fiowing  in  oppotite 
directions  repel.  The  phenomena  of  attraction  and  repulsion  are  generally  shown  by  means  of 
wires  which  are  made  moveable  by  turning  about  an  axis,  and  tbe  ends  dipping  into  concentric 
troughs  of  mercury,  which  are  connected  with  the  terminals  of  the  battery.  In  this  way  it 
may  be  shown  that  a  wire  carrying  a  current  moves  bodily  towards  a  parallel  wire  canyiog  a 
current  in  the  same  direction  ;  and  is  bodily  repelled  from  a  parallel  wire  carrying  a  current  in  the 
apposite  direction.  Again,  if  two  currents,  one  of  which  is  moveable,  are  passing  near  to  each 
other,  their  directions  making  an  angle  between  them,  if  they  are  flowing  in  the  same  direction, 
a  force  is  exerted  between  them,  which  tends  to  diminish  the  angle  and  ma^e  them  flow  parallel ; 
but  if  they  are  flowing  in  opposite  directions  the  moveable  wire  is  turned  completely  round,  and 
finally  sets  so  that  the  wires  are  parallel,  and  the  directions  of  the  currents  the  same.  It 
follows  also  from  the  prindples  which  have  been  stated,  that  if  two  currents  are  flowing  at 
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right  angles  to  each  other,  and  if  one  of  them  be  movealle  parallel  to  itself  and  parallel  to  the 
direction  of  the  other  current,  the  moveable  current  is  cairied  backwards,  when  it  flows  towaxds 
tiie  other,  and  forward  when  it  flows  away  from  it. 

Lastly,  it  is  a  consequence  of  Amp^'s  law  that  each  elementary  portion  of  a  rectilinear 
onrrent  repels  the  elementary  portions  nearest  to  it.  Faraday,  to  show  this  experimentally,  sus- 
pended from  the  beam  of  a  very  delicate  balance  a  piece  of  copper  wire  bent  into  the  shape  of 
an  inverted  U.  The  ends  of  the  wire  dipped  to  some  depth  into  tall  mercury  cups  which  were 
connected  with  the  terminals  of  the  battery.  When  the  current  passed,  this  wire  rose  in  the 
cups,  and  sank  again  on  the  cessation  of  the  current,  and  the  explanation  given  is  that  the  current 
in  the  parts  of  the  mercury,  and  of  the  wire  near  to  eadi  other,  being  in  the  same  direction 
repel  each  other. 

These  laws  are  illustrated  by  apparatus  consisting  of  moveable  wires,  such  as  we  have  men- 
tioned above  in  various  forms.  For  example,  it  is  easy  to  show  continuous  rotation  of  one 
current  produced  by  a  current  in  a  direction  at  right  angles  to  it,  which  is  evidently  a  conse- 
quence of  what  has  been  stated  with  regard  to  such  currents.  Let  a  current  pass  in  a  cirdo 
placed  horizontally,  or  what  is  better,  through  several  horizontal  coils  of  insulated  copper  wire ; 
and  let  another  current  rising  through  a  pillar  placed  at  the  centre  of  the  circle  pass  into  a 
copper  wire,  turning  on  a  pivot  at  the  top  of  this  piUar  and  dividhig  there,  flow  in  two  opposite 
radii  to  the  circumference,  then  turning  vertically  downward,  come  into  a  horizontal  circular 
trough  of  mercury  into  wldch  the  ends  of  the  wire  dip,  and  thence  return  to  the  battery ;  we 
shall  thus  have  two  currents  coming  vertically  down,  at  right  angles  to  that  which  is  circu- 
lating in  the  horizontal  wire,  and  rotation  of  the  vertical  wires  will  take  place  in  a  direction 
opposite  to  that  in  which  the  horizontal  current  is  flowing.  If  the  current  is  made  to  flow 
upwards  in  the  vertical  wires,  the  rotation  will  take  place  in  the  sajne  direction  as  that  in  which 
the  horizontal  current  is  flowing. 

Action  between  CurrenU  and  Magnets.  (Ersted's  fundamental  experiment  shows  that  when 
a  magnet  is  placed  in  the  vicinity  of  a  current,  and  able  to  move  round  an  axis  perpendicular  to 
its  length,  it  sets  itself  at  right  angles  to  the  direction  of  the  current  according  to  a  law  which 
is  thus  enunciated  by  Ampere.  Let  an  observer  be  situated  in  the  conducting  wire,  the  cur- 
rent entering  at  his  feet  and  passing  out  at  his  head,  and  let  him  look  on  the  north  pole,  the 
rotation  will  be  such  that  the  north  pole  triU  always  turn  to  his  left  hand.  Thus  let  the  wire  be 
situated  above  the  needle,  and  let  the  current  flow  from  south  to  north,  the  north  pole  of  the 
needle  will  deviate  towards  the  west.  If  the  wire  is  below  the  needle,  the  north  pole  will  move 
towards  the  east.    (See  AmpMs  Law.) 

Just  as  the  moveable  magnet  is  rotated  by  the  fixed  wire,  so  is  a  moveable  wire  acted  on  by 
a  fixed  magnet.  To  show  this  a  rectangle  of  wire  is  made  to  turn  about  a  vertical  axis  in  its 
own  plane,  and  at  right  angles  to  two  of  its  sides.  On  bringing  a  magnet  near  to  it  while  a 
current  is  passing  through  it,  the  wire  sets  itself  at  right  angles  to  the  length  of  the  magnet, 
and  in  such  a  direction  that  the  north  pole  of  the  magnet  is  to  the  left  hand  of  an  observer 
situated  as  described  above.  For  exhibiting  the  action  of  a  magnet  on  a  moveable  current  a 
beautiful  little  apparatus  called  De  la  Bive*B  floating  battery  is  fdso  employed.  It  consists  of 
a  very  small  cell  attached  below  the  centre  of  a  circular  disc  of  cork  ;  the  terminals  of  it  pass 
through  the  cork,  and  are  attached  to  a  small  vertical  ring  or  coil  of  insulated  wire  carried  on 
the  top  of  the  cork.  When  the  battery  is  charged  a  current  passes  through  the  coil,  and  the 
whole  apparatus  may  be  floated  on  the  surface  of  water  by  means  of  the  cork.  On  bringing  a 
magnet  near  to  the  coil  and  on  a  level  with  its  centre  the  latter  turns  round  and  sets  itself  with 
its  plane  perpendicular  to  the  length  of  the  magnet,  and  turns  that  side  to  the  end  of  the 
magnet  which  makes  the  current  in  the  ring  paraUel  to  Ampere's  hypothetical  currents  in  the 
magnet.  (See  AmpMs  Theory.)  It  then  takes  a  bodily  motion  towards  the  magnet,  passes 
the  pole  and  moves  along,  maSn-ng  the  axis  of  the  magnet  coincide  with  its  own  axis,  till  it 
rea<»es  the  middle  of  the  magnet  and  there  stops.  If  it  be  placed  at  the  middle  of  the  magnet 
with  its  plane  turned  so  that  the  current  in  the  coil  is  opposite  in  direction  to  that  of  Amp^*s 
hypothetical  currents  in  the  magnet,  it  then  moves  off  at  one  end  of  the  magnet ;  turns  round  and 
comes  back  again,  and  takes  the  position  of  equilibrium.  The  attraction  and  repulsion  of  a 
current  on  a  magnet  give  rise  also  to  rotatory  motion.  Faraday  showed  this  by  the  following 
apparatus.  Through  the  bottom  of  a  deep  vessel  containing  mercury,  a  wire  from  the  battery 
passed,  and  a  hook  connected  with  the  other  terminal  of  the  battery  sustained  one  end  of  a  wire 
above  the  centre  of  the  mercury  cup,  while  the  other  dipped  into  the  mercury,  and  thus  com- 
pleted the  circuit.  This  wire  was  longer  than  the  shortest  distance  from  the  hook  to  the 
mercury,  and  being  buoyed  up  at  the  lower  extremity  assumed  a  position  nearly  vertical  but  not 
quite,  in  the  centre  of  the  vessel  stood  a  vertical  bar  magnet  with  its  top  projecting  some 
distance  above  the  mercury.    The  current  passed  through  the  mercury  into  the  moveable  wire, 
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and  by  means  of  the  hook  which  supported  the  latter,  back  to  the  battery  ;  the  wire  then  re- 
volved round  the  magnet.  Similar  rotation  was  shown  by  a  magnet  about  a  fixed  current.  The 
following  law  governs  these  rotations.  Suppose  an  observer  to  be  placed  at  the  noHh  poU  cf  a 
magnet  parallel  to  the  current,  and  let  him  look  at  the  current  tohich  appears  to  him  to  Jlow  upward, 
then  the  rotation  of  the  current  taJees  place  from  right  to  left.  From  these  and  from  similar  ex- 
periments it  appears  that  a  portion  of  a  current  in  a  magnetic  field  tends  to  move  so  as  to  cut 
the  lines  of  magnetic  force  at  right  angles,  and  }n  such  a  direction  that  a  figure  placed  in  the 
wire  while  the  current  enters  at  his  feet^  and  looking  at  the  north  pole,  is  uxged  towarda  the 
right. 

M.  De  la  Bive  has  devised  a  beautiful  apparatus  for  showing  the  rotation  of  an  induced 
current  passing  through  a  vacuum.  (See  Electric  Egg.)  Into  the  exhausted  vessel  a  piece  of 
soft  iron  projects,  which  is  covered  with  glass  and  sheU-bc,  and  thus  most  carefully  insulated  from 
the  vacuum  space,  and  it  terminates  outside  in  the  centre  of  the  wooden  foot  on  which  the 
apparatus  stands.  At  the  top  of  the  vessel  a  wire  enters  in  the  ordinary  way,  and  at  the  bottom 
a  wire  projects  inwards,  canying  a  ring  which  encircles  the  glass  tube  containing  the  soft  iron. 
The  foot  being  set  on  one  pole  of  an  electric  magnet,  the  soft  iron  piece  becomes  a  magnet  by 
induction.  A  cuirent  is  now  made  to  pass  through  the  vacuum,  and  the  arc  of  light  is  seen 
between  the  wire  at  the  top  and  the  ring  below,  and  under  the  influence  of  the  magnet  it 
rotates  slowly  round  the  pole,  the  direction  depending  on  the  direction  of  the  current  and  on  the 
nature  of  the  pole  of  the  magnet  on  which  the  soft  iron  is  placed.  The  apparatus  was  originally 
devised  to  illustrate  the  theory  of  M.  De  la  Hive  with  regard  to  the  rotation  of  the  Aurora 
Borealis,  {q.v.) 

As  might  be  expected,  the  earth's  magnetism  produces  an  effect  on  currents  free  to  move 
under  its  influence  in  precisely  the  same  way  that  an  artificial  magnet  acts.  This  is  demon- 
strated either  by  means  of  the  floating  current  or  by  the  other  moveable  apparatus  which  we 
have  mentioned  above.  The  laws  which  govern  the  action  of  the  earth  upon  moveable  currents 
are  precisely  the  same  as  those  which  hold  in  the  case  of  artificial  magnets  ;  but  in  applying 
them  it  must  be  borne  in  mind  that,  according  to  our  English  way  of  naming  the  poles  of  a 
magnet,  the  north  pole  of  the  magnet  corresponds  to  the  south  pole  of  the  earth.  The  following 
law,  deduced,  of  course,  from  the  general  law,  may  be  stated  in  particular  as  being  very  im- 
portant in  connection  with  the  theories  of  terrestrial  magnetism  and  with  the  action  of  the 
solenoid,  of  which  we  are  about  to  speak.  Let  a  closed  current  in  a  vertical  plane  be  capable  of 
turning  about  a  vertical  axis,  which  is,  for  example,  the  case  with  De  la  Rive's  floating  battery, 
the  current  place*  iUdf  in  a  plane  perpendicular  to  the  magnetic  meridian,  andin  such  a  way  that 
the  current  descends  to  the  east  qftheaxis  of  rotation  and  ascends  to  the  wett  of  it. 

Of  Solenoids,  Solenoids  were  used  by  Amp^  for  illustrating  his  theory  of  magnetism.  A 
solenoid  is  constructed  by  winding  copper  wire  in  the  form  of  a  helix  or  screw  on  a  cylinder  of 
convenient  size  (i  to  i'5  inches  in  diameter) ;  the  ends  of  the  wire  are  turned  inward  and 
brought  back  along  the  axis  of  the  cylinder  to  the  middle,  where  they  are  turned  at  right  angles 
to  tiie  axis  and  brought  out  between  two  of  the  turns.  The  parts  of  the  wire  are  innilated  by 
being  kept  at  a  distance  from  each  other.  The  ends  of  the  wire  are  carried  for  a  short  distance 
at  right  angles  to  the  axis  of  the  helix ;  they  are  then  bent  round  into  such  a  form  that  they 
may  be  plawd  in  two  cups  of  mercury  which  are  supported  one  vertically  above  the  other  on 
horizontal  metallic  arms.  The  solenoid  can  thus  be  suspended  with  its  axis  horizontal,  and  can 
torn  round  the  vertical  axis,  passing  through  the  mercury  cups.  It  is  called  right-handed  when 
the  tiuns  appeac  to  go  in  the  direction  of  the  hands  of  a  watch ;  left-handed  when  in  the  oppo- 
site direction.  The  effect  of  the  solenoid  when  a  current  is  passing  through  it  is  precisely  the 
same  as  that  of  a  series  of  parallel  circular  currents  at  right  angles  to  its  axis.  When  a 
solenoid  is  traversed  by  a  current,  it  has  all  the  properties  of  a  magnet  in  which  the  south  pole 
is  that  in  which,  to  an  observer  looking  on  it,  the  current  appears  to  move  in  the  direction  of 
the  hands  of  a  watch.  This  follows  from  what  we  have  just  stated  with  regard  to  the  action  of 
the  earth  on  a  closed  current  in  a  vertical  plane.  Let  this  solenoid  be  suspended  in  its  mercoiy 
cups,  the  terminals  of  the  battery  being  attached  to  the  arms  which  carry  them,  and  let  it  be 
placed  with  its  axis  not  in  the  direction  of  the  magnetic  meridian,  it  will  immediately  begin  to  move 
80  as  to  place  itself  in  that  plane,  and  after  a  few  oscillations  vrill  set  itself  in  it  just  as  a  magnet 
would.  If  it  be  removed  from  its  position  by  the  hand,  it  again  returns  to  it.  It  will  be  found, 
also,  that  when  in  its  position  of  rest  the  currents  in  the  spirals  are  descending  to  the  east  of 
the  axis  of  suspension  and  ascending  to  the  west  of  it.  It  appears,  therefore,  that  the  soutli 
pole  of  the  solenoid  is  that  in  which  an  observer  to  the  south  of  it  sees  the  currents  circulate  in 
the  direction  of  the  hands  of  a  watch.  This  experiment  may  also  be  shown  by  constructing  a 
very  small  solenoid  and  attaching  it  to  the  tenninal  wires  of  De  la  Eive's  floating  battery. 
Again,  a  magnet  and  a  solenoid  act  upon  each  other  just  as  a  magnet  would  act  upon  a  magneti 
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When  the  noith  pole  of  one  is  brought  near  to  the  south  pole  of  the  other,  attraction  takes 
place  ;  while  if  the  two  north  poles  or  the  two  south  poles  are  presented  to  eadi  other,  repuLdon 
18  exhibited.  The  solenoid  may  even  be  made  to  attract  iron  filings ;  and  in  every  respect  the 
law  of  attraction  and  repulsion  between  a  magnet  and  a  solenoid  is  plainly  the  same  as  that 
whidi  would  hold  between  the  magnet  and  a  second  magnet  whose  strength  is  the  same  as  that 
of  the  solenoid.  Lastly,  one  solenoid  acts  upon  another  as  one  magnet  acts  on  another 
magnet ;  and  if  a  solenoid,  capable  of  turning  about  an  axis,  is  brought  near  to  a  rectilinear 
oorrent,  it  takes  a  set  according  to  the  same  laws  which  (Ersted  gave  for  the  action  of  a  cur- 
rent upon  a  magnet.  But  these  actions  of  a  solenoid  on  a  solenoid  and  of  a  current  on  a 
solenoid  can  all  be  brought  under  the  laws  of  the  action  of  one  current  upon  another.  Hence 
Ampere  was  led  to  his  celebrated  theory  of  magnetism,  in  which  he  assumes  the  existence  of 
cunrents  around  the  magnet  in  places  perpendicular  to  the  magnetic  ajos.  He  supposes  that 
around  the  molecules  of  a  magnet  currents  are  perpetually  circulating  in  a  direction  at  right 
angles  to  the  magnetic  axis,  and  such  that  an  observer  at  tiie  south  pole  of  the  magnet  would 
flee  them  moving  in  the  same  way  as  the  hands  of  a  watch ;  within  the  magnet  these  currents 
neutraliBe  one  the  effect  of  the  other ;  but  at  the  outside  of  the  magnet  the  aggregate  effect  of 
the  whole  is  that  of  currents  circulating  round  the  magnet  in  the  direction  just  indicated. 

ELECTROLTSIS  (Xik^,  to  loosen  or  disengage),  is  the  resolving  or  splitting  up  of  a  com- 
pound into  its  elements  by  means  of  an  electric  current.  A  few  weeks  after  the  invention  of 
tiie  pile  by  Volta,  Nicholson  and  Carlisle  showed  by  means  of  it  the  separation  of  water  into 
its  constituent  elements,  oxygen  and  hydrogen ;  and  not  many  years  elapsed  before  Davy  displayed 
at  the  Boyal  Institution  potash  resolved  by  the  battery  into  oxygen  and  potassium,  lien 
followed  quickly  the  discovery  and  preparation  of  new  metals,  and  the  invention  ot  the  eleetro- 
^^I^ng  and  electro-plating  processes,  and  there  ia  now  no  more  important  application  of  eleo- 
txidty  to  the  arts  than  that  which  depends  upon  electrochemical  decomposition. 

Let  the  wires  connected  with  the  poles  of  a  battery  of  three  or  four  ceUs  be  terminated  hy 
■lipe  of  platinum,  and  let  these  be  immersed  in  water,  sliffhtiy  acidulated  with  sulphuric  add, 
it  will  be  found  that  they  immediately  become  covered  wi(£  bubbles  of  gas,  which  increase  and 
•con  begin  to  rise  through  the  liquid.  If  the  gases  are  collected  with  proper  precautions  it  will 
be  found  that  one  of  them  is  pure  oxygen,  and  the  other  pure  hydrogen,  and  that  the  amounts 
«f  them  are  one  volume  of  oxygen  to  two  of  hydrogen ;  the  same  ouantities,  in  fact,  as  those  in 
which  oxygen  and  hydrogen  are  associated  to  form  water.  It  will  always  be  found,  too,  tliat 
the  oxygen  is  given  off  at  the  side  connected  with  the  positive  or  platinum  pole  of  the  battery, 
the  hydrogen  at  that  connected  with  the  negative  or  zinc  pole. 

Our  nomenclature,  and  much  of  our  knowledge  on  tms  subject,  we  owe  to  Faraday.  He 
caUs  any  body  which  undergoes  decomposition  (similar  to  that  which  we  have  described  in  the 
case  of  water)  an  deetnlyU;  the  surfaces  at  which  the  current  enters  or  leaves  an  electrolyte  he 
calls  deatradeM  (Mof,  a  way),  calling  that  the  amodt  (dya,  upward)  at  which  it  enters,  and  that  at 
fi^iich  it  leaves  the  ktUhodt  (xara,  downward).  (See  A  fioke.)  The  electrolyte,  under  the  influence 
of  the  current,  is  split  up  into  two  portions  called  ions  {Ibv^  that  wmch  goes),  which  move 
towards  the  two  electrodes ;  that  which  goes  to  the  anode  is  called  the  amion,  the  other  the 
hoMon,  going  as  it  does  to  the  kathode.  With  these  definitions  we  proceed  to  the  laws  of 
eleotroWsis. 

I.  Bleekvlfiii  onljf  taka  place  when  the  eUettvilyte  i$  in  the  Uquid  ttate.  For  during  electro* 
lysis  a  ipecies  of  discharffe  takes  place  which  is  very  different  from  ordinary  conduction  in  a 
solid.  It  includes,  if  it  £>es  not  wholly  depend  on,  a  convective  action,  during  which  the  parts 
of  the  body  under  electrolysis  are  transferred,  one  to  one  side,  the  other  to  the  other ;  and  it 
raauires  the  free  mobility  of  particles  afforded  by  the  liquid  form.  This  transfetence  of  par- 
tides  may  be  well  shown  in  the  following  way.  Let  two  vessels  containing  solution  of  sulphiMbe 
of  sodium  be  placed  side  by  side,  and  connected  by  means  of  a  siphon  filled  with  the  same 
liquid,  and  let  a  slip  of  platinum  connected  with  the  positive  pole  of  a  battery  be  placed  in  one, 
and  a  slip  connected  with  the  negative  pole  be  plaoed  in  the  other.  The  sulphate  of  sodium 
(NagSO^)  is  divided  into  two  portions ;  the  metal  (Na,)  goes  towards  the  negative  pole,  and  the 
add  radical,  as  it  ii  called,  (SOJgoes  to  the  positive  pole ;  and  it  ia  found,  after  a  time,  that  the 
whole  of  the  metal  ia  in  one  vessel,  the  whole  of  the  add  radical  in  the  other.  If  the  dectrolyte 
Is  solidified,  tins  action  is  at  once  put  an  end  to,  and  the  current^  as  may  be  seen  by  induding  a 
galvanometer  in  the  circuit,  immediatdy  ceases.  This  can  be  shown  by  plunging  into  ice-cold 
water  an  electrode  whidi  has  been  dulled  hi  a  freezing  mixture ;  an  excessivdy  thin  film  of  ice 
covers  the  surface,  but  this  is  quite  sufildent  to  prevent  dectrolytio  action ;  when  the  ioe  metts 
the  current  passes,  and  the  decomposition  at  once  begins.  In  tiie  case  of  gases  there  are  some 
cases  in  which  decomposition  of  a  compound  gas  takes  place  under  the  influence  of  deotrio  dia- 
charge,  but  sach  action  is  not  at  all  ol  the  natiiTe  of  elactrolydsb 
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2.  During  electrolysis  the  components  of  the  deetroLyte  are  resolved  into  two  groups,  one  of  v^deh 
goes  to  the  positive  electrode  or  anodCf  the  other  to  the  negative  electrode  or  hcJQyode.  This  law  has 
been  already  illtustrated ;  under  it  elements,  when  in  combination,  are  divided  into  rlnnnon  and 
called  deetro-posUive  or  deetro^negaiive,  those  which  go  to  the  negative  electrode  being  electro- 
positive,  and  those  which  go  to  the  other  electro-negative,  these  names  having  reference  to  a 
theoiy  which  supposes  them  to  contain  respectivelj  positive  and  negative  electricity,  which 
is  the  cause  of  their  attraction  to  the  electrodes,  and  which  they  neutralise  with  the  negative 
and  positive  electricity  with  which  the  electrodes  are  kept  charged  by  the  pile.  Aooorduig  to 
this  division  hydrogen  and  all  the  metals  are  electro-positive ;  during  electrolytic  decomposition 
they  all  appear  at  the  kathode ;  while  oxygen,  and  all  the  bodies  that  resemble  it»  are  electro- 
negative, and  appear  at  the  anode.  In  salts  also,  which  are  not  binaiy  compounds,  sudi  as 
nitrate  of  potassium  (K  NO.),  or  sulphate  of  copper  (Gu  SO4),  the  metallic  portion  of  the  salt 
goes  to  the  kathode,  and  all  the  rest  of  the  elements  (NO3  or  SO4)  go  to  the  anode.  This 
division  of  course  corresponds  with  Faraday's  division  into  kathions  and  anions ;  he  gave  them 
these  names  in  order  to  be  free  of  all  hypothesis  ;  but  the  words  electro-positive  and  electro- 
negative are  still  commonly  used,  even  by  those  who  do  not  admit  the  theory  which  gave  rise  to 
them. 

3.  The  deetrdytie  action  of  the  current  is  the  same  at  aU  parts  qfthe  dreuii.  If  several  decom- 
posing cells  are  placed  in  the  same  circuit  at  different  pcurts,  each  filled  with  acidtdated  water, 
or  with  any  other  electrolyte,  it  is  found  that  predaely  the  same  amount  of  decomposition 
occurs  in  each. 

4.  The  quantity  of  ike  electrolyte  decomposed  in  a  given  time  is  in  simple  proportion  to  the 
strength  of  the  current ;  and  the  same  quantity  qf  dectrieity  decomposes  ehemieaUy  equivalaU 
quantities  of  different  deetrUytes,  Suppose  that  in  tiie  same  circuit  are  included  a  tangent  galva- 
nometer (see  Galvanometer)  and  a  decomposing  cell,  and  that,  a  current  passing,  a  certun  amount 
of  gas  is  collected  from  the  decomposing  cell  in  one  minute.  Then  if  the  strength  of  the  current 
be  increased  till  the  galvanometer  indicates  that  it  is  doubled,  twice  the  quantity  of  gas  will 
now  be  given  off  per  minute.  From  the  perfectly  definite  character  of  this  action,  Faraday 
proposed  to  use  it  as  a  means  of  measuring  the  strength  of  the  current,  and  hence  came  his 
VoUameter,  It  consists  of  a  bottle  into  imch  platinum  wires  carrying  platinum  plates  project 
through  the  stopper.  A  tube  of  glass  passes  through  the  stopper  and  bends  downwards  outside 
after  the  manner  of  an  ordinary  delivering  tube  for  gases.  With  the  exception  of  the  tubular 
opening  the  bottle  is  completely  dosed,  and  it  contains  water  acidulated  with  dilute  sulphuric 
acid.  The  current  passing,  electoolysiB  of  the  water  takes  place,  the  mixed  gases  are  given  off, 
and  by  means  of  the  glass  tube  are  collected,  according  to  the  ordinary  way  for  collecting  gases 
in  a  graduated  jar.  The  strength  of  the  current  is  measured  by  the  quantity  of  gas  given  off  in 
a  certain  time.  The  second  part  of  this  law  may  be  illustrated  by  placing  in  the  same  circuit  a 
number  of  decomposing  cells  containing  different  electrolytes ;  for  example,  water,  solution  of 
sulphate  of  copper,  fused  chloride  of  tin,  and  permitting  the  current  to  pass  through  them  all  at 
once.  The  quantity  of  electricity  that  passes  must  be  the  same  for  each,  and  on  collecting  the 
products  of  decomposition  with  proper  precautions  it  will  be  found  that  the  quantities  of  the 
electrolytes  decomposed  are  strictly  in  proportion  to  their  chemical  equivalents.  Moreover,  if 
the  amount  of  chemical  action  which  has  gone  on  within  the  battery  is  determined,  there  being 
of  course  no  local  action  on  the  plates,  it  will  be  found  that  it  also  bears  the  same  relation  to 
the  decompositions  in  the  various  cells  as  they  do  among  themselves.  Thus,  supposing  the 
battery  to  consist  of  zinc  and  platinum  with  some  exciting  liquid,  for  every  327  grains  of  zinc 
dissolved  in  the  battery  cells  9  grains  of  water  are  decomposed  in  the  voltameter  into  i  grain 
of  hydrogen  and  8  of  oxygen,  in  the  sulphate  of  copper  cell  31*7  grains  of  copper  are  thrown 
down,  and  a  corresponding  quantity  of  the  add  radical  liberated,  and  in  the  cell  containing 
chloride  of  tin,  59  grains  of  tin  and  35  '5  of  chlorine  are  set  free,  these  numbers  being  those 
which  represent  chemically  equivalent  quantities  of  the  respective  bodies,  that  is,  quantities 
which  may  be  substituted  for  each  other  in  forming  chemical  compounds.  Suppose  again,  that 
the  voltameters  are  placed  side  by  side  in  such  a  manner  that  the  current  dividing  itself  passes 
part  through  one  and  part  through  the  other,  then  whether  the  voltameters  contain  the  same 
electrolyte  or  not  the  total  quantity  of  decomposition  that  goes  on  in  the  two  is  chemically 
equivalent  to  that  which  goes  on  in  a  voltameter  arranged  in  the  same  circuit,  so  that  the 
wnole  of  the  current  may  pass  through  it. 

In  the  case  of  electrolysing  such  bodies  as  sulphate  of  sodium  the  results  obtained  are  veiy 
much  complicated  by  what  is  called  secondary  action.  It  is  found  that  not  only  is  there  an 
equivalent  of  sulphate  of  sodium  decomposed,  but  that  oxygen  \b  besides  given  off  at  the  positive 
electrode  and  hydrogen  ^t  the  negative.  The  current  thus  appears  at  first  sight  to  do  double 
work  in  decomposing  both  wator  and  sulphate  of  sodium.    This  is,  however,  a  result  of  purely 


ELE  211  ELE 

chemical  action.  As  we  have  said,  at  one  pole  there  is  liberated  sodium  (Na^),  and  at  the  other 
the  add  radical  (S  O4),  or  as  it  used  to  be  called  oxyauIpJUon.  The  sodium  attacks  at  the 
moment  of  its  liberation  the  water  in  which  the  salt  has  beien  dissolyed  according  to  a  chemical 
reaction  expressed  by  the  symbols — 

Na,  +  2H,0  =  2NaH0  +  H^, 
and  thus  caustic  soda  is  formed,  and  hydrogen  set  free,  whidi  bnbbles  np,  and  as  wHl  be  re- 
marked, appears  in  eqtdyalent  quantity.    Similarly,  in  ihe  other  case,  the  group  of  atoms  S  O4 
coming  in  contact  with  a  molecule  of  water  breaks  up  and  at  the  same  time  forms  sulphuric 
acid,  imd  gives  off  oxygen.    Thus — 

S04+H,0=H,804+0. 
In  almost  all  cases  of  electrolytic  action,  except  where  the  electrolyte  is  a  binary  compound  in 
the  fused,  not  dissolved,  state,  secondary  action  is  an  accompaniment ;  and  it  is  frequently 
dijffioult  to  separate  the  effects  due  to  one  from  those  due  to  the  other  cause.  The  decomposi- 
tion of  water  in  the  voltameter  is  by  many  authorities,  and  with  very  good  reason,  ascribed  to 
fleoondaiy  action.  It  is  held  that  water  alone  is  not  an  electrolyte ;  if  pure  water  be  submitted 
to  the  action  of  the  battery,  little  or  no  decomposition  occurs  even  though  a  large  number  of 
oeDs  be  used,  but  on  acidulating  it  with  a  little  sulphuric  add,  electrolysis  at  once  sets  in.  The 
reason  given  ia  this  :  the  sulphuric  add  H^SO^  breaks  up  into  two  portions,  of  which  one  H| 
goes  to  the  Icathode,  and  rises  there  in  bubbles.  The  other  SO4  is  set  free  at  the  anode,  and 
there  acting  on  the  contiguous  molecules  of  water  combines  to  reform  sulphiiric  add  and  liberaCe 
the  oxygen.  Oxygen  and  hydrogen  are  thus  set  free  in  the  proportion  in  which  they  form 
water,  the  action  depending  on  the  decomposition  of  the  sulphuric  add  by  the  pile ;  and 
sulphuric  add,  being  constantly  reformed,  there  ia  no  loss  of  it  in  the  voltameter.  Distilled 
water  is,  it  is  true,  decomposed  to  some  extent  by  a  powerful  battery ;  but  Davy,  during  a  series 
ci  experiments  with  a  somewhat  different  object,  found  it  almost  impossible  to  obtain  pure  water 
even  with  the  most  extraordinary  precautions.  He  operated  in  vessels  of  marble  and  of  glass, 
and  found  the  marble  and  glass  slightly  dissolved  by  the  water ;  in  vessels  of  gold  and  of  wax, 
but  even  there  the  water  was  contaminated  by  absorbing  impurities  from  the  air ;  and  as  he 
i^yproadied  complete  purity  the  amount  of  electrolytic  decompodtion  became  exoesdvely 
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When  several  electrolytes  are  mixed,  the  results  of  electrolysis  depend  upon  the  strength  of 
the  current,  and  on  the  qualities  of  each  in  the  mixture.  A  strong  current  generally  acts  some- 
what on  all  of  them,  and  gives  at  one  pole  a  mixture  of  the  anions,  at  the  omer  a  mixture  of  the 
kathions  ;  and  the  quantity  in  which  the  several  elementary  bodies  appear  depends  upon  the 

auantities  of  the  compounds  in  the  mixture^  and  on  the  relative  ease  or  difficulty  with  which 
bey  yield  to  decompodtion.  When  the  current  is  weak  only  that  which  yields  eadeet  is,  in 
genend,  dectrolysed.  The  Beoquerels  and  Matteucd  applied  themselves  to  the  investigation  of 
this  question,  as  did  also  Daniell  and  Miller,  but  the  quantitative  laws  cannot  yet  be  said  to  be 
at  all  thoroughly  understood. 

There  are  many  points  concerned  with  dectrolytic  action  which  our  limits  force  us  to  leave 
almost  untouched.  We  refer  the  reader  for  fuller  information  to  De  la  Rive's  Treatise,  (voL  ii., 
in  particular.)  Faraday  displayed  the  electrolytic  decompodtion  due  to  frictional  dectridty,  and 
likewlK  investigated  the  laws  of  dectrolyslB  by  the  galvanic  current.  (See  Map.  JReaearekeay 
voL  L,  or  PhiL  Trans.  See  also  the  Papers  of  Grove  and  Graham ;  and  a  paper  by  Andrews, 
An»  de  Chem,  et  de  Phy8,  (N.S.)  t.  L.,  on  the  Electrolytic  Decompodtion  of  Water  by  the 
Electric  Machine. 

ELECTKOLTTE.  Any  compound  substance  which  undergoes  decompodtion  or  separation 
into  its  constituent  parts,  under  the  influence  of  the  dectric  current,  is  called  by  Faraday  an 
dedrclyte,  Electroljrtes  are  aU  chemical  compounds ;  and  all,  so  far  as  we  know  at  present^ 
contain  a  metal  and  a  non-metal,  or  something  chemically  equivalent  to  each  of  them.  No  suc- 
cess has  yet  attended  endeavours  to  decompose  such  bodies  as  definite  alloys  or  amalgams. 
Electrolytes  must  always  be  in  the  liquid  condition ;  whether  brought  to  it  by  fudon,  or  by 
solution  in  some  liquid.  In  this  condition  they  must  be  capable  of  transmitting  the  electric 
current.    (See  EUctrolynt.) 

ELECTRO-MAGNET.  An  electro-magnet  is  formed  by  wrapping  round  a  core  of  soft  iron 
a  good  many  turns  of  moderatdy  thidc  and  well-insulated  copper  wire.  The  core  in  genenlly 
b^t  into  the  form  of  a  horse-shoe.  It  ia  frequentiy  made  by  screwing  the  ends  of  two  soft 
iron  cylinders  to  a  stout  flat  iron  bar.  It  must  be  formed  of  very  pure  iron,  and  be  made 
perfectly  soft  by  the  most  careful  anTiealing  after  the  bending,  if  it  is  bent,  has  taken  place. 
It  is  polished  with  a  file,  the  greatest  care  bdng  taken  to  avoid  twisting  it.  If  this  be  not 
done,  the  bar  retains  a  portion  of  its  magnetism  after  the  current  ceases.  The  wire  ia  mode- 
ratdy tluck  and  insulated  with  silk  or  cotton,  and  is  coiled  chiefly  about  the  two  extremities. 
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and  in  Bach  a  way  that,  to  an  obseryer  looking  upon  the  pales,  it  appears  to  be  wound  m  oppo- 
lite  directions  npon  them.  On  sending  a  current  throngh  the  ooil,  the  core  becomes  mstanta- 
neously  a  magnet ;  and  on  breaking  contact  with  the  battery,  it  loses  its  magnetism  at  onoa. 
The  power  of  the  electro-magnet  is  enormously  greater  than  that  of  any  permanent  magnetb 
A  permanent  magnet,  weighing  i  pound,  >nm  been  made  to  carry  27  ;  but  Dr.  Joule  was  able 
to  construct  a  small  electro-magnet,  by  arranging  the  coils  to  advantage,  and  proportioiiin^ 
the  wire  of  the  core,  and  the  thickness  and  length  of  the  wire,  which  would  cany  3500  times 
its  own  weight,  llie  following  are  the  laws  connected  with  electio-magnets ;  Muller  has 
investigated  them.  The  temporary  magnetic  moment  depends  upon  the  strength  of  the  current^ 
and  on  the  number  of  turns  of  the  wire,  and  also  on  the  length  and  diameter  of  the  soft  iron 
core.  There  is  a  limit,  however,  in  the  case  of  a  thin  iron  core,  to  the  advantage  gained  by 
putting  on  a  large  number  of  turns  in  the  spiral ;  and  even  with  a  thick  bar,  more  may  be  lost 
by  increasing  the  number  of  turns,  from  the  resistance  offered  to  tiie  current  and  consequent 
diminution  of  it,  than  there  is  gained  by  multiplying  the  number  of  coils.  The  magnetic  moment 
it  proportional  to  the  ttrength  of  ike  cttrmit,  ifil  he  ikX  very  grtfU^  to  the  number  if  twne  in  the 
ejnral  within  th€  Umiti  put  mentioned,  and  to  the  tguare  root  of  the  diameter  of  the  core.  It  is 
found  also  that  the  magnetism  is  the  same  whether  the  core  be  an  iron  bar,  or  a  hollow  iron 
cylinder  of  the  same  diameter. 

ELEGTBO-MAGNETIC  MACHINE.  See  MagnOo-Blettrie  Machine,  nd  JSZedro- 
Magnet,  

ELECTRO-MAGNETISM.  A  name  sometimes  applied  to  that  part  of  the  adenoe  of 
electricity  and  magnetism  which  treats  of  the  production  and  properties  of  temporaiy  magnet^ 
ism  by  the  passage  of  a  current  of  electiicitv  round  a  bar  of  soft  iron.  The  division  is  useless. 
For  information  on  the  subject,  see  Magnetiem;  Electro-Magnet. 

ELECTROMETER.  An  instrument  for  measuring  differences*  of  electric  potential  between 
two  conductors  through  effects  of  electrostatic  force. 

The  word  electrometer  is  frequentiy  applied  to  that  which  we  have  called  in  this  work  an 
electroscope^  which  is  merely  an  instrument  for  indicating  a  difference  of  potentials  without 
attempt  at  measurement.    (See  EUcbroeeope  ;  Bohnenberger'e  Fleetrometery  fta) 

Besides  the  torsion  balance  of  Coulomb  which  we  have  described,  (see  BaHaneey  Tonion,) 
the  principal  electrometers  are  that  of  Peltier,  and  those  invented  by  Sir  William  Thomson, 
who  has  devoted  much  time  and  labour  to  the  construction  of  them.  A  description  of  these 
instruments  would  require  many  pages ;  all  that  we  can  do  here,  is  to  give  a  very  brief  indica- 
tion of  the  nature  of  them,  and  to  refer  the  reader  to  detailed  works  on  electricity,  and  to  the 
report  referred  to  in  the  note  below,  in  which  the  fullest  inf (xmation,  with  diagrams  and 
descriptions,  will  be  found. 

Pdtiei's  Electrometer  is  constructed  in  the  following  way:  A  horizontal  bar  of  bnuBS 
tipped  with  a  knob  at  each  end,  is  carried  on  a  oaref  ully  insulating  support.  This  bar  is  con- 
nected with  a  brass  rod,  which  rises  vertically,  and  is  furnished  with  a  large  ball  at  the  top. 
A  charge  being  communicated  to  the  ball  at  the  top  spreads  itself  over  the  whole  brass  rod, 
and  over  the  horizontal  bar  below.  Upon  a  vertical  pivot,  at  the  centre  of  the  horizontal  bar, 
a  very  light  wire  of  aluminium  swings  horizontally.  The  wire  is  bent  into  such  a  foim  that^ 
though  the  centre  of  it  is  raised  upon  the  pivot,  nearly  all  the  rest  of  it  lies  in  the  same  horizon- 
tal plane  with  the  bar  of  brass  ;  and  when  the  instrument  is  uncharged,  the  aluminium  wire 
is  in  contact  with  the  brass  bar  through  the  greater  part  of  its  length.  It  is  kept  in  this  posi- 
tion by  a  small  magnet  attached  to  tiie  swinging  wire ;  and  the  instrument^  when  in  use,  is 
placed  so  that  the  brass  bar  may  be  in  the  magnetic  meridian.  When  a  charge  is  given  to  the 
instrument,  the  brass  bar  is  as  we  have  said  electrified ;  so  also  is  the  aluminium  wire  by  con- 
tact. Repulsion  takes  place  between  the  two,  and  the  wire,  compelled  towards  the  magnetic 
meridian  by  the  magnetic  couple  acting  upon  it,  takes  a  position  depending  upon  the  strength 
of  the  charge.  The  angle  which  it  has  turned  through  is  read  off  on  a  mvided  circle  placed 
below  it. 

There  are  three  principal  forms  of  electrometer  invented  by  Sir  W.  Thomson.  He  has 
called  them  the  Absolute  Electrometer,  the  Quadrant  Electrometer,  and  the  Portable  Electro- 
meter. 

The  Aheohtte  Electrom>eter  consists  essentially  of  two  parallel  circular  plates  attracting  one 

*  DifFerenoe  of  electxic  potential  is  that  which  produces  electromotlTe  force,  and  dectromotlTe  force  tends 
to  produce  a  flow  of  electricity  between  two  points  which  have  a  difference  of  electric  potential.  The  words 
"  through  effects  of  electrostatlo  force,"  distinguish  between  electrometers  uid  galvanometen,  which  latter 
measure  differences  of  electric  potential  by  means  of  electrodynunlc  effects.  (See  SUetromotbte  Fom : 
BUctroMtaliu  t  SUetrodynamia.)  The  definition  in  the  text  is  quoted  from  the  report  of  Sir  William  Thomson 
on  Electrometers  and  Electrostatic  Measurement  S^port  to  the  British  Aisodatlon  for  the  Advanoement  of 
Bdenoe,  on  Standards  of  Electric  Besistance,  1867f 
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another.  One  of  them,  the  upper  one,  is  suspended  firom  one  ann  of  a  balance ;  the  other  is 
capable  of  being  moved  to  a  greater  or  less  oistanoe  from  the  first  by  means  of  a  micrometer 
screw.  The  upper  disc  is  always  brought  to  a  fixed  position  (which  can  be  yery  accurately 
determined)  by  means  of  the  attraction  of  the  lower,  the  amount  of  attraction  being  regulated 
by  the  distance  between  the  two  plates.  It  is  thus  seen  that  the  electric  force  is  actually 
weighed ;  and  Sir  W.  Thomson  has  given  formulas  by  means  of  which  the  difference  of  poten- 
tials is  deducible  in  absolute  measure,  the  areas  of  the  plates  and  the  distance  between  them 
being  known. 

In  the  Qufodrant  Electrometer  a  thin  aluminium  ''needle"  (or  rather  elongated  plate)  is  sup- 
ported by  a  bifilar  suspension  in  a  horizontal  position.  It  is  electrically  connected  with  the 
interior  coating  of  a  Leyden  jar,  which  forms  part  of  the  instrument^  and  arrangements  are 
made,  by  means  of  a  replenisher,*  for  keeping  tiie  charge  of  the  jar  constant.  The  "  needle  " 
swings  mside  a  cylindrical  box  which  has  been  divided  into  four  quadrants,  and  has  circular 
apertures  at  the  top  and  bottom,  through  which  the  suspension  of  the  needle  and  a  weight 
attached  to  its  centre  paas.  The  opposite  pairs  of  quadrants  are  connected  together  by  means 
of  wires,  but  each  quadrant  is  insulated  from  those  adjacent  to  it.  By  means  of  **  electrodes," 
or  wires  which  proceed  one  from  each  of  the  pairs  of  quadrants,  a  charge  can  be  communicated 
to  one  or  other  of  the  pairs.  In  this  case  ike  needle,  which,  we  have  already  mentioned,  is 
kept  electrified,  swings  round  the  axis  of  suspension  to  one  side  or  the  other,  the  bifilar  suspen- 
sion acting  against  this  tendency  to  turn,  and  causing  it  to  take  up  a  position  depending  upon 
the  amount  of  charge  that  has  been  given  to  the  quadrants.  To  measure  the  angle  through 
which  the  needle  has  turned,  the  same  arrangement  is  made  use  of  as  that  which  is  adopted  in 
the  case  of  the  mirror  ffolvanometer.  A  small  mirror  is  attached  to  the  needle  and  turns  with 
it.  In  front  of  the  instrument  is  placed  a  horizontal  scale  with  a  slit  or  hole  in  the  middle  of 
it.  A  lamp  which  is  set  behind  this  slit  sends  a  beam  of  light  to  the  mirror,  and  the  light  re- 
flected falls  upon  the  scale.  By  reading  off  the  division  of  the  scale  on  which  the  r^ected 
beam  falls,  the  angle  through  which  the  mirror  and  needle  have  tamed  is  determined. 

The  Portable  BUetrometer,  In  this  instrument  there  are  two  parallel  discs  of  brass,  the  lower 
of  which  is  permanently  connected  with  the  inside  coating  of  a  Leyden  jar,  and  the  other,  which 
is  insulated  from  everything  except  a  wire  which  proceeds  to  the  outside  of  the  instru- 
ment, and  by  means  of  which  a  charge  can  be  given  to  the  disc.  In  the  middle  of  the  lower  disc 
there  is  a  square  hole  cut,  in  which  a  square  aluminium  plate,  much  on  the  principle  of  a  cart- 
weighing  machine,  is  suspended,  except  that,  instead  of  levers  and  weights,  the  torsion  of  a  tightly 
•tx<rtched  platinum  wire  keeps  the  plate  in  position.  An  index  arm  proceeds  out  to  the  circum- 
f  erenoe  of  the  disc,  and  with  the  aid  of  a  lens  it  is  possible  to  determine  with  great  accuracy 
when  the  index  is  in  its  proper  place.  On  giving  a  charge  to  the  upper  plate,  attraction  or 
zepulrion  takes  place  between  it  and  the  lower,  the  alominium  plate  is  drawn  up  or  forced  down, 
and  the  index  arm  exhibits  the  motion.  The  upper  plate  is  den  moved  by  means  of  a  screw 
to  a  greater  or  less  distanoe  from  the  other  till  the  index  has  returned  to  position.  The  distance 
between  the  plates  is  read  off  on  a  scale  attached. 
ELEGTRO-METALLUBGY  is  divided  into  two  Imaif^wSleetrotyping^  which  is  em- 
*  ployed  in  produdng  copies  of  medals,  coins,  seals^  fto.,  and  Electroplating,  which  is  the  art  of 

covering  baser  metals  with  a  thin  ooating  of  silver  or  gold  by  means  of  electricity. 

ELECTROMOTIVE  FORCE  is  the  force  by  which  Jectridty  is  put  in  motion  ;  or,  in 
other  words,  the  force  which  causes  a  transfer  of  electricity  between  two  points  is  called  the 
electromotive  force  between  those  points.  According  to  Ohm's  law,  the  strength  of  an  electric 
current,  which  is  measured  by  the  quantity  of  electricity  that  flows  through  any  section  of  the 
circuit  in  a  unit  of  time,  is  directly  proportional  to  the  electromotive  force,  and  inversely  pro- 
portional to  the  resistance. .  Thus,  if  the  resistance  be  kept  constant,  double  the  electromotive 
force  wiU  produce  twice  the  current,  will  effect  twice  as  much  electrolytic  decomposition  in  a 
given  time  (see  Eleetroiljftit),  produce  twice  as  much  heat  (see  (Strrentf  HeaHng  Effects  of),  or 
give  twice  as  great  electoo-dynamio  effect  (see  Eleclro<fynanUe$,  Hectroinagnei)^  will,  in  fact^  do 
twice  as  much  work. 

A  current  cannot  exist  without  doing  work,  and  the  doing  of  work  pre-suppoees  force ; 
hence  the  origin  of  the  term. 

The  read&r  may  consult  Ohm*t  Law,  and  for  full  information  as  to  the  connection  between 

electricity  and  work :  a  "  Treatise,"  by  Professor  J.  Cleork  Maxwell  and  PMf essor  F.  Jenkin, 

**  On  the  Elementary  Relations  between  Electrical  Measurements,"  British  Association  Report^ 

^  1863,  and  the  papers  of  Sir  W.  Thomson  in  the  Philosophical  Magarine^  particularly  De- 

Oflmber  1851. 

ELECTROMOTOR.    (Jfooeo,  to  move.)    Any  arrangemoit  which  gives  rise  to  an  electric 

*  A  TScysBsIl  slsotroststle  tDdnotlon  eleetils  machine  which  is  attached  to  each  instrament. 


ELE  214  ELE 

current,  sncli  m  a  Bingle  oeU,  a  galvamo  battery,  or  a  thermo-electric  pile  is  called  an  tUdro- 
mator^  and  sometimes  arAeomotor. 

ELECTRO-NEGATIVE,  opposite  of  EleOro^Mmiwe,  which  see. 

ELECTROPHOBUS.  {4>4fHa,  to  bear.)  An  instrument  for  obtaining  electricity  by  means 
of  induction.  A  shallow  brass  or  tin  tray,  called  the  form,  of  convenient  dimensions,  is  filled 
with  a  compound  of  equal  parts  of  shell-lac,  resin,  and  Venetian  tuipentine.  The  ingredients 
are  melted  together  and  poured  into  the  form,  making  a  cake  three-quarters  of  an  indi  thick. 
A  brass  plate  with  well-rounded  edges  is  maide  to  cover  the  resinous  plate  veiy  nearly,  but 
without  approaching  too  closely  the  edges  of  the  form.  It  is  furnished  with  a  glass  handle, 
which  stands  vertically  from  the  middle  of  the  plate,  and  by  means  of  which  it  can  be  lifted 
from  place  to  place.  To  obtain  electricity  by  means  of  the  electrophoms  the  resinous  plate  is 
warmed,  and  briskly  struck  and  rubbed  with  a  warm,  dry  cat-skin  or  flanneL  It  thus  becomes 
negatively  electrified.  The  brass  plate  is  then  laid  upon  the  resinous  plate.  Owing  to  its 
rigidity,  it  only  touches  the  resinous  plate  in  a  few  points.  These  b^me  negatively  elec- 
trified by  contact,  and  if  we  raised  the  plate  we  should  obtain  a  slight  negative  chiuge.  ^By  far 
the  greater  part  of  the  plate,  however,  is  acted  upon  inductively  across  the  thin  htyer  of  air 
lying  between  it  and  the  resinous  plate.  Positive  electricity  is  attracted  towards  the  resinous 
plate  and  negative  electricity  set  &ee.  On  bringing  the  finger  up  to  touch  the  plate,  therefore, 
a  spark  will  be  perceived,  and  the  negative  electricity  escapes,  according  to  the  common  lan- 
guage on  the  subject,  to  tiie  ground.  The  finger  is  now  removed,  and  the  plate  raised  by  means 
of  the  insulating  handle,  when  it  is  found  to  contain  a  charge  of  positive  electricity.  For  many 
purposes  the  electrophoms  is  a  very  convenient  instrument.  In  dry  weather  the  charge  upon 
the  resinous  plate  m^,  and  often  does,  last  for  weeks. 

ELEGTBO-PHOTOMETEB,  MASSON'S.  This  photometer  is  described  in  Watt's  Dic- 
tionary of  CkenUttryy  voL  iiL,  page  597.  It  consists  of  a  circular  disc  divided  into  white  and 
black  sectors  of  equal  size,  and  set  in  motion  by  clockwork  at  a  uniform  rate  of  250  to  300 
revolutions  in  a  second.  If  it  be  then  illuminated  by  a  constant  source  of  light,  such  as  a  lamp^ 
it  appears  of  a  uniform  gray  tint,  in  consequence  of  the  duration  of  the  visual  impression  on 
the  eye  ;  but  if  it  be  illuminated  by  a  practically  instantaneous  light,  such  as  the  electric  spark, 
the  black  and  white  sectors  become  distinctly  visible,  and  appear  as  if  they  were  fixed,  because 
they  have  not  time  to  move  through  a  sensible  angle  in  the  extremely  short  interval  during 
which  the  spark  continues.  If,  now,  the  intennty  of  the  light  afforded  by  the  spark  be  gradu- 
ally diminished,  by  removing  it  to  a  greater  distance,  the  source  of  constant  light  remaining  aa 
before,  the  increase  of  illumination  which  the  spark  affords  to  the  disc  ultimately  becomes  too 
feeble  to  render  the  sectors  visible,  so  that  the  disc  still  continues  to  exhibit  a  uniform  gray 
tint.  The  relative  intensities  of  the  constant  and  instantaneous  lights  at  which  this  limit  is 
attained,  evidently  depend  upon  the  number  of  the  sectors  and  the  velocity  of  revolution.  The 
relative  intensities  of  two  electric  sparks  are  as  the  squares  of  the  distances  to  which  they  must 
be  removed  from  the  disc  to  cause  the  sectors  to  disappear,  while  the  disc  is  illimiinated  by  a 
constant  light.  On  the  other  hand,  to  use  the  instrument  for  comparing  the  intensities  of  two 
continuous  lights,  a  succession  of  electric  sparks  is  made  to  pass  in  front  of  the  disc,  and  one  of 
the  constant  lights  is  made  to  approach  it  till  the  sectors  cease  to  be  distinguishable.  The  same 
experiment  bemg  then  repeated  with  the  other  light,  the  intensities  of  the  two  are  as  the 
squares  of  the  distances  thus  determined.    (See  PhotomtUr.) 

ELECTROPLATE.  In  electroplating,  articles  formed  of  the  baser  metals  are  covered  with 
a  coating  of  gold  or  silver  electro«hemicsIly  deposited.  The  process  is  difiBicult  in  practice,  and 
requires,  in  order  to  be  successfully  carried  on,  minute  attention  to  details.  We  give  here  a  general 
account  of  it,  and  of  the  principle  on  which  it  depends,  which  is  very  simple,  rSening  the  reader 
for  particulars  to  complete  works  on  the  subject.  First,  with  regard  to  the  principle.  When 
a  plate  of  copper,  or  mlver,  or  gold,  &c.,  is  attached  to  the  positive  pole  of  a  battery  and  im- 
mersed in  a  chemical  solution  of  the  same  metal,  such  as  sulphate  of  copper,  cyanide  of  ollver,  ftc, 
any  conducting  material  attached  to  the  other  pole  and  placed  opposite  the  first  in  the  same 
solution  very  soon  becomes  coated  with  the  metal  used.  The  meted  plate  is  gradually  eaten 
away,  and  an  equal  quantity  of  the  metal  is  deposited  upon  the  body  at  the  negative  pole. 
This  is  the  foundation  of  the  process.  We  shall  describe  electro-silvering.  The  articles  to  be 
silvered  must  first  be  most  carefully  cleaned ;  they  are  generally  made  of  brass,  copper,  or 
G^man  silver,  the  last  being  preferable  to  either  of  the  others.  When  they  are  made  of  iron, 
zinc,  or  lead,  it  is  necessary  to  electroplate  them  with  copper,  since  the  silver  coating  does  not 
adhere  to  these  metals  properly.  They  are  first  boiled  in  solution  of  caustic  potash  by  means 
of  which  all  grease  is  dissolved,  and  the  surface  made  uniformly  conducting ;  to  remove  all  traces 
of  oxide  they  are  next  washed  with  dilute  nitric  add,  and  they  are  finally  scoured  with  fine 
sand.   After  this  they  are  coated  with  mercury  by  immersion  in  solution  of  nitrate  of  mercury ; 
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the  film  of  mercury  thus  ohtamed  prodaces  perfect  adherence  of  the  silver  to  the  surface.  The 
Bilveiing  solution  consists  of  one  part  of  cyanide  of  silver  dissolved  in  a  solution  of  ten  parts  o£ 
cyanide  of  potassium  to  one  hundred  of  water,  and  is  placed  in  a  suitable  trough  in  which  the 
articles  to  be  silvered  hang  by  means  of  wires  from  bars  of  copper  stretching  across  the  trough. 
These  bars  are  connected  wiUi  the  negative  or  zinc  pole  of  the  battery,  and  a  plate  of  silver 
attached  to  the  other  pole  is  placed  in  the  bath.  The  current  is  immediately  set  up,  and  silver 
from  the  cyanide  is  deposited  at  the  negative  electrode ;  the  cyanogen,  which  is  set  free  at  the 
positive  electrode,  attacks  the  silver  plate  and  dissolves  it,  &us  keeping  the  strength  of  the 
solution  constant.  The  tTiinlfwftaa  of  the  coat  depends  upon  the  length  of  time  during  which  the 
action  is  allowed  to  proceed.  The  articles  on  being  taken  out  of  the  solution  and  dned  present 
a  dull  whitish  appearance ;  they  are  first  polished  by  means  of  a  revolving  brush,  and  afterwards 
burnished.  Electro-gilding  is  performed  in  precisely  the  same  way.  The  solution  used  consists 
of  lOO  water,  lo  cyanide  of  potassium,  and  i  cyazdde  of  gold,  and  it  is  kept  hot  during  the 
process.  When  different  shades  of  gold  are  required,  plates  of  gold  alloyed  vnth  silver  or  copper 
are  eim>loyed.    For  platinising,  too,  the  same  method  is  employed. 

ELEGTBO-FOSITIVE  AND  ELECTRO-NEGATIVE.  Elements  are  called  electro- 
positive, or  electro-negative,  with  rega/rd  to  each  otJier,  in  any  combination,  according  as  they 
tend  to  go  during  electrolysis,  respectively,  to  the  negative  or  positive  electrode  in  the  decompos- 
ing oelL  (See  EUctrolysu,)  Thus  a  Ust  may  be  formed  in  which  any  body,  at  the  beginning, 
is  electro-positive  vdth  regard  to  any  body  which  precedes  it,  and  electro-negative  with  regani 
to  any  body  which  succeeds  it ;  that  is  to  say,  if  any  two  of  the  elements  be  combined  together, 
and  tnen  submitted  to  electrolytic  decomposition,  the  element  nearest  the  top  of  the  list  will 
go  to  the  positive  electrode,  or  that  connected  with  the  platinum  plate  of  the  battery.  The 
other  will  go  to  the  negative  electrode,  or  that  connected  with  the  zinc  of  the  battery.  The 
following  list  by  Ber^lius  is  extracted  from  Miller's  Elements  of  Chemistry,  vol.  i. ;  but 
he  remarks  with  respect  to  it,  that  probably  it  is  not  strictly  correct,  at  least  in  the  case  of 
hydrogen  and  ahmunium ;  and  also  that  the  order  may  to  a  certain  extent  alter  with  circum* 


Molybdenum. 

l^alladium. 

Zmc. 

Tungsten. 

Mercury. 

Manganese. 

Boron. 

Silver. 

Uranium. 

Carbon. 

Copper. 

Aluminium. 

Antimony. 

Bismuth. 

Magnesium. 

Tellurium. 

Tin. 

Calcium. 

Titanium. 

Lead. 

Strontium. 

SiUcon. 

Cadmium. 

Barium. 

Hydrogen. 

Cobalt. 

Lithium. 

Gold. 

Nickel 

Sodium. 

Platinum. 

LK>n. 

Potassium. 

Electro-^tUive, 

EledirtHMgaiMt — 
Oxygen. 
Sulphur. 
Selenium. 
Nitrogen. 
Eluorine. 
Chlorine. 
Bromine. 
Iodine. 
Phosphoms. 
Arsenicum. 
Chromium. 
Yanadium. 

See  also  Qrot/QMB  HypUhetii. 

Under  Affinity  and  Chemiftry  was  noticed  that  force,  in  virtue  of  which  elementary 
bodies  unite  to  form  compounds.  Long  before  the  discovery  of  the  pile  of  Yolta,  an  inti- 
mate relation  was  all  but  proved  to  exist  between  electrical  forces  and  aflBnity.  After  that 
great  discoveiy,  Davy  established  the  relationship  by  many  striking  proofs.  Grotthtts,  also,  in 
1805,  referred  to  Yolta's  pile  as  "  an  electrical  magnet  of  which  each  element,  that  is,  each 
pair  of  plates,  has  a  positive  and  a  negative  pole.  May  not  a  similar  polarity  oome  into  play 
between  the  elementaiy  particles  of  water  when  acted  upon  by  the  same  electrical  agent? 
As  the  idea  became  developed,  a  connection  of  polarities  was  established  in  crystalline  and  opti- 
cal phenomena.  Thus,  in  reference  to  the  formation  of  crystals,  Berzelius,  in  1820, 
wrote  :  ^'It  is  demonstrated,  that  the  regular  forms  of  bodies  presuppose  an  effort  of 
their  atoms  to  touch  each  other  by  preference  in  certain  points;  that  is,  they  are 
founded  upon  a  polarUy  which  can  be  no  other  than  an  electric  or  magnetic  polarity.'* 
In  the  application  of  this  idea  to  afiBnity,  the  chemical  elements  were  supposed  to 
consist  of  particles  having  poles;  like  poles  repelling,  unlike  attracting  eadi  other. 
(See  Moffnet,)  Two  bodies  with  opposite  properties,  such  as  an  add  and  an  alkali  unite 
with  energy  and  produce  a  neutral  compound,  just  as  poeitiye  electricity  unites  with  negative 
and  produces  equilibrium. 

But  the  idea  of  polarity,  as  applied  to  chemical  affinity,  implies  something  more  than  the 
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repulsion  of  like  poles,  and  the  attractioiL  of  unlike.  Famday,  pursuing  with  his  usual  origi- 
nality and  perseyeranoe  the  track  opened  up  by  Davy,  was  satisfied  as  to  the  polar  nature  of 
affinity,  but  saw  many  difficulties  in  canying  out  the  idea  of  portides  endowed  with  poles. 
AooorcUng  to  him,  chemical  synthesis  and  analysis  must  take  place  by  virtue  of  equal  and  oppo- 
site forces,  by  which  the  particles  are  united  or  separated.  "  These  forces,  by  the  very  circum- 
stance of  thdr  being  polu',  may  be  transferred  from  point  to  point.  For,  if  we  conceive  » 
string  of  particles,  and  if  the  positive  force  of  the  first  particle  be  liberated  and  brought  into 
action,  its  negative  force  must  also  be  set  free.  This  negative  force  neutralises  the  positive 
force  of  the  next  particle,  and  therefore  the  negative  force  of  this  particle  (before  employed  in 
neutralising  its  positive  force)  is  set  free.  TMs  is,  in  the  same  way,  transferred  to  the  next 
particle,  and  so  on.  And  thus  we  have  a  positive  active  force  at  one  extremity  of  a  line  of 
particles,  corresponding  to  a  negative  force  at  the  other  extremity ;  all  the  intermediate  paiti- 
cles  reciprocally  neutrtUising  each  other's  action."  This  view  of  diemical  action  reduced  to  na 
simplest  terms  is  "  an  axis  of  power,  having  contraiy  forces  exactly  equal  in  opposite  diree- 
tions.     (See  ElectrotytU  ;  Polarity,) 

ELECTROSCOPE.  {aK0ir4b%  to  look.)  An  instnmient  for  observing  or  detecting  the  exis- 
tence of  free  electricity,  and  in  general  for  determining  its  kind.  All  electroscopes  depend  for 
their  action  on  the  elementary  law  of  electric  forces,  that  bodies  similarly  charged  repel  each 
other  ;  bodies  dissimilarly  charged  attract.  The  common  electric  pendulum  may  be  used  as  an 
electroscope,  but  for  most  purposes  it  is  not  sufficiently  delicate. 

The  earliest  electroscope,  properly  soK^lled,  consists  of  a  pair  of  short  pieces  of  straw  sus- 
pended by  means  of  silk  threads.  When  not  in  use,  the  pieces  of  straw  hang  down  touehing 
each  other.  On  touching  them  with  an  electrified  body,  they  become  excited  and  stand  apart, 
and  this  gives  us  a  test  for  electricity.  The  use  of  the  diverging  straws  is,  however,  quite 
supersede  by  the  gold-leaf  electroscope  which  was  introduced  by  Bennet,  in  1789. 

Bennetts  OoldrLeaf  Electroscope.  A  glass  shade,  with  a  wide  mouth  at  the  top,  is  placed  on  • 
convenient  wooden  stand.  The  mouth  is  closed  by  a  wooden  stopper,  which  can,  if  neoessaiy, 
be  taken  out  and  put  in  again  without  trouble.  Through  the  centre  of  the  wooden  stopper 
passes  vertically  a  tube  of  ^ass,  generally  varnished  with  sealing-wax  or  shell-lac  to  improve  its 
insulating  properties,  and  a  vertical  metallic  rod  is  fixed  in  the  centre  of  the  glass  tube  by  means 
of  silk  thread  which  is  rolled  round  the  rod  and  acts  as  a  packing  to  keep  it  in  its  place. 
The  lower  end  of  the  rod  terminates  in  a  small  flat  pl&te,  to  the  sides  of  which  two  narrow  strips 
of  gold-leaf  are  attached,  and  are  thus  suspended  opposite  each  other.  The  upper  end  of  the 
metallic  rod  is  furnished  either  with  a  circular  horizontal  plate  or  with  a  brass  Imob.  A  small 
dish  of  chloride  of  calcium  or  of  quick-lime,  ought  to  be  placed  inside  the  glass  shade ;  the  air 
will  thus  be  kept  dry,  and  the  insulation  of  the  instrument  very  much  improved. 

If  an  electrified  body  be  brought  near  to  the  top  of  the  instrument,  induction  takes  place ; 
the  top  becomes  electrified  oppositely  to  the  body  presented,  and  the  gold-leaves  similarly. 
They,  both  possessing  the  same  kind  of  electricity,  repel  each  other,  and  diverge  more  or  less 
in  proportion  to  the  strength  of  the  charge,  and  to  the  nearness  of  the  electrified  body.  We 
are  thus  enabled  to  detect  the  presence  of  free  electricity.  To  examine  the  nature  of  the  electri- 
city, with  which  a  body  is  changed,  we  touch  with  the  finger  the  top  plate  of  the  electmscope 
while  it  is  under  the  influence  of  the  electrified  body  ;  then  removing  the  finger  and  carrying 
the  electrified  body  away,  we  find  the  gold-leaves  remain  divergent,  l^ing  permanently  charged ; 
and  we  know,  from  the  laws  of  induction,  that  they  possess  the  opposite  kind  of  electridbr  to 
that  presented.  An  electrified  glass  rod,  which  is  positive,  and  stick  of  sealing-wax,  whi<£  Is 
negative,  are  now  successively  brought  near  to  the  top  plate,  one  of  them  will  make  the  leaves 
diverge  more,  and  the  other  will  diminish  the  divergence.  For  that  which  contains  electricity 
similar  to  theirs,  by  induction,  increases  their  charge ;  and  that  which  contains  the  opposite 
kind,  by  induction,  diminishes  their  chaige.  Knowing,  in  this  way,  the  kind  of  electrification 
of  the  gold-leaves,  we  know  also  the  kind  of  electrification  of  the  body  which  we  were  required 
to  test.  Sometimes  the  gold-leaf  electroscope  is  furnished  with  a  scale  placed  behind  the  gold- 
leaves,  in  order  to  measure  the  ansle  of  divergence  of  the  leaves,  and  hence  infer  the  amount 
of  charge.  Such  an  arrangement  is,  however,  of  little  use.  The  electroscope  cannot  boused  as 
an  electrometer. 

The  Single  Odd-Lee^  Electroteope  is  employed,  in  some  cases,  to  indicate  slight  charges.  A 
metal  rod,  arranged  exactly  as  in  the  last,  carries  a  single  fine  gold  leaf,  which  hangs  between 
two  verti<»l  plates,  either  of  metal  or  of  gilded  wood.  Two  horizontal  wires  which  support 
these  plates,  pass  through  the  glass  shade  of  the  electroscope,  and  are  thus  insulated.  They 
are  terminated  by  bindhig  screws  to  which  the  terminals  of  a  galvanic  battery  of  two  or  three 
cells,  may  be  attached.  One  of  the  plates  is  thus  kept  elec&ified  positively,  and  the  other 
negatively.    If  then  a  charge  of  any  land  be  communicated  to  the  gold-leaf,  by  means  of  the 
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top  plate,  the  gold-leaf  will  tend  to  move  to  one  or  other  side,  being  attracted  l]|y  one  of  the 
plates,  and  repelled  by  the  other. 

Ydllxi^i  Condeming  JSlectroacope  oonoBts  of  a  Sennet's  gold-leaf  electroscope,  which  has  the 
top  plate  covered  with  a  thin  layer  of  shell-lac  vamislL  On  the  top  of  this  is  placed  a  second 
xnetallio  plate  furnished  with  an  insulating  handle.  For  fuller  description  and  use,  see  Con- 
denser. 

Boh$ietiberger^$  BUetroaeope  is  excessively  delicate.  It  is  a  condensing  electroecope  having  a 
■ingle  gold  leaf  suspended  from  the  metaUic  rod.  At  equal  distances  from  the  gold  leaf,  and  on 
opposite  sides  of  it,  are  placed  the  opposite  poles  of  two  diy  piles  which  stand  vertically  within 
the  glass  shade  of  the  apparatus.  A  charge  being  given  to  the  gold  leaf,  it  is  attracted  by  one 
of  the  poles  and  repelled  by  the  other ;  and  the  greatest  sensitiveness  is  obtained  by  the  arrange- 
ment.   See,  for  further  information,  Bohnenberger*s  Electrometer, 

ELECTROSTATICS  treats  of  the  phenomena  occasioned  by  electricity  at  rest ;  and  in 
connection  with  them  of  the  production  and  discharge  of  stationary  charges  of  electricity.  A 
large  portion  of  that  which  is  generally  included  under  the  head  electrostatics  in  consecutive 
treatises  on  electricity  will,  according  to  the  plan  of  this  work,  be  found  under  the  following 
heads: — Electricity;  Electric  Machine;  Induction,  Electroetatie ;  Discharge;  DissipaUon;  and 
others  to  be  indicated  throughout  this  article.  Here  we  propose  to  consider  the  laws  of  force 
depending  on  electricity  at  rest^  and  the  laws  of  electric  distribution. 

Electric  Force.  The  general  and  primary  law  of  electric  attraction  and  repulsion  is  that 
similarly  electrified  bodies  repel  one  another,  dissimilarly  electrified  bodies  attract.  (See  Electri' 
city.)  Thus  a  positively  electrified  body  repels  another  positively  electrified  body,  but  attracts 
one  negatively  charged.  From  this  law  also,  and  from  the  laws  of  electrostatic  induction  {q.  v.) 
follows  the  attraction  of  a  neutral  body  by  a  body  chaiged  either  positively  or  negatively.  For 
we  know  that  if  an  electrified  body  be  brought  near  to  one  not  electrified,  induction  takes 
place ;  on  the  side  of  the  latter  nearest  to  the  electrified  body,  the  opposite  Idnd  of  electricity 
to  that  possessed  by  it  is  developed ;  and  on  the  remote  side  an  equal  amount  of  the  like  kind. 
But»  as  we  shall  see  directly,  the  nearer  the  bodies  the  greater  the  electric  force ;  hence  the 
attraction  due  to  the  unlike  kinds  of  electricity  near  to  each  other  is  greater  than  the  repulsion 
due  to  the  like  kind  at  the  greater  distance,  and  on  the  whole  predominates.  A  similar  con- 
sideration explains  attraction  taking  place  between  two  similarly  electrified  bodies  when  brought 
very  near  to  each  other. 

To  the  genius  and  experimental  skill  of «  Coulomb,  we  owe  the  complete  investigatian,  the 
discovery,  and  the  statement  of  the  quantitative  laws  of  electric  attraction  and  repulsion.  The 
chief  apparatus  which  he  employed  for  his  experiments  on  the  subject  was  Ids  celebrated 
Torsion  Balance,  a  full  description  of  which,  as  modified  by  Faraday,  who  also  used  it  for  the 
same  purpose,  will  be  found  in  a  separate  article  {Balance^  Torsion).  It  is  sufficient  for  our  present 
purpose  to  state  that  it  consists  of  a  horizontal  arm  of  non-conducting  material,  carrying  a  small 
gilt  ball  at  one  end  and  a  counterpoise  at  the  other,  and  suspended  hv  a  very  deli(»^  wire,  the 
torsion  of  which  is  the  force  against  which  the  electric  forces  are  tried.  Another  exactly  siinilar 
gilt  ball,  which,  we  shall  call  we  carrier,  is  capable  of  being  put  into  a  definite  position,  and  the 
attraction  and  repuUdon  between  these  two  balls  is  compared  with  the  angle  of  toEsion  of  the 
vertical  wire.  The  carrier  ball  is  charged  with  electricity  and  put  into  its  proper  position,  and 
the  other  ball  allowed  to  touch  it.  The  electricity  from  the  exact  similarity  of  the  two'  balls 
divides  itself  equally  between  them,  repulsion  takes  place,  and  the  moveable  ball  swings  romidy 
tQl  it  assumes  a  position  sudi  that  the  torsion  of  the  wiro  which  tends  to  return  it  to  its  former 
place,  is  exactly  equal  to  the  repulsion  at  that  distanoe  between  the  two  balls.  The  distance 
being  then  altered,  so  aLso  is  the  angle  of  torsion,  and  by  comparing  together  the  distances  and 
the  forces  of  torsion,  or  what  is  the  same  thing  ih»  forces  of  repulsion^  the  law  of  the  latter  at 
different  distances  is  obtained.  To  investigate  the  laws  of  attraction  the  moveaUe  ball  is 
charged  with  a  certain  Idnd  of  electricity,  and  placed  at  a  known  distance  from  the  position  of 
the  carrier.  The  carrier  is  now  introduced  charged  with  the  opposite  kind  of  electricity,  and, 
attraction  takingplace,  the  torsion  necessary  to  return  the  moveable  ball  to  its  initial  position 
is  determined.  'Ae  same  experiment  being  tried  for  different  positions  d  tiie  moveMtle  ball 
the  law  ia  known.  To  determine  in  what  manner  the  attraction  and  repulsion  depend  upon  the 
amount  of  the  charge  it  is  necessary  to  be  able  to  communicate  to  the  balls  charges  of  a  given 
magnitude,  or  at  least  charges  obc^^g  some  law.  Coulomb's  method  of  doing  this  was  to 
have  a  third  ball  equal  and  similar  to  the  other  two,  and  by  means  of  repeated  contacts  with 
one  Of  both  of  them,  discharging  the  third  ball  each  time,  to  subdivide  the  chaigea  upon  them 
to  any  required  extent. 

By  means  of  the  apparatus  and  methods  jost  described,  Coulomb  anived  at  the  following 
beautifully  simple  laws : — 
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(i.)  The  foroe  of  attraction  or  repnlaon  varies  with  the  amotiiits  of  electricity  upon  the  balls 
oonjoiiitly. 

(2.)  The  force  of  attraction  or  repulsion  varies  inversely  with  the  square  of  the  distance 
between  the  balls. 

If  then  we  take  as  unit  quantity  of  electricity,  that  quantity  which  attracts  or  repels  an 
equal  quantity  placed  at  unit  distance  with  unit  force,*  we  obtain  a  numbtt'  which  expresses 
the  magnitude  of  the  force  of  attraction  or  repulsion  by  multiplying  together  the  numbers  which 
express  the  quantities  of  electricitv  upon  the  balls  and  dividing  the  product  by  the  square  of 
the  distance.  The  two  laws  are  therefore  expressed  by  the  following  simple  fonnula.  Let  F 
denote  the  foroe  of  attraction  or  repulsion  ;  let  Q,  Q'  be  the  quantities  of  electricity  upon  the 
two  balls,  and  let  D  be  the  distance  between  them ;  then 

and  if  to  the  numbers  Q,  Q',  the  signs  ( + )  and  ( — )  be  prefixed  according  as  the  electricity  upon 
the  respective  balls  is  positive  or  negative,  then  the  foroe  wiU  be  attractive  or  repulsive^  accord- 
ing as  the  sign  of  F  is  negative  or  positive. 

The  mathematical  theory  of  attraction  commenced  ^by  Coulomb  was  attacked  and  largely 
extended  by  Poisson  ;  but  the  most  complete  and  geneial  investigations  were  those  of  Green 
of  Nottingham,  182S.  These  lay  unread  and  unknown  till  after  the  principal  theorems  had 
been  re<lisoovared  by  M.  Chasles  and  by  Sir  William  Thomson,  both  independently ;  and  till 
they  were  fortunately  after  long  inquiry  brought  to  light  by  the  latter.  For  information  on 
this  subject  we  refer  the  reader  to  the  papers  of  l^iomson  in  the  Cambridge  and  Dublin 
Mathematical  Journal,  republished  in  the  Philosophical  Magazine ;  those  of  Chasles  in  the 
Journal  de  TEoole  Polytedmique ;  and  to  a  Treatise  on  Natural  Philosophy,  by  Thomson  and 
Tait. 

2.  The  Diatribution  of  EUetrieUy  on  the  surface  of  a  conductor  we  shall  now  briefly  consider. 
In  the  case  of  a  non-conductor,  the  distribution  is  necessarily  arbitrary,  for,  the  property  of  a 
non-conductor  being  that  it  prevents  the  motion  of  electricity  over  its  suri aoe,  and  throughout 
its  mass,  (see  Ctmduction;  Conductor;  BUctricUy),  wherever  electricity  is  placed  by  any 
means,  in  the  first  instance,  there  it  must  remain  till  it  is  removed  by  some  external  influence. 
On  a  conductor,  however,  the  electricity  is  free  to  move  from  place  to  place  ;  and  since,  as  we 
have  seen,  any  two  like  portions  of  electricity  repel  each  other,  it  will  readily  be  understood, 
that  just  as  water,  whose  surface  is  free  to  move,  arranges  itself  according  to  a  definite  law, 
being  influenced  by  gravitation,  so  does  a  quantity  of  electricity  under  tiie  influence  of  the 
forces  of  its  different  parts. 

A  fundamental  law  of  electric  distribution  on  a  conductor  is,  that  the  whole  of  the 
electricity  resides  in  an  excessively  thin  layer  at  the  external  surface ;  none  whatever  being 
found  throughout  the  mass  or  on  interior  surfaces  of  the  body.  Various  experiments  show 
this.  Let  a  metal  globe  be  suspended  by  an  tniiUting  etring,  and  electrified,  and  let  two 
metal  henuspherical  covers,  made  to  fit  it  and  provided  with  insulating  handles,  be  put  over  it^ 
enclosing  it  completely,  and  touching  it.  On  removing  the  covers  it  will  be  found  that  they 
are  eleckified,  the  electricity  having  passed  from  the  metal  ball  to  their  surfaces  ;  and,  farther, 
not  the  slightest  trace  of  electricity  can  be  discovered  on  the  ball  itself.  Again,  if  two  exactly 
equal  spheres  be  taken,  one  of  them  made  of  solid  metal,  and  the  other  of  glass,  or  other  non- 
conducting material,  and  covered  with  the  finest  gold-leaf,  and  if  one  be  electrified  and  touched 
with  the  other,  the  electricity  divides  itself  between  them,  and  no  electrostatic  test  will  distin- 
guish between  the  amount  of  electricity  possessed  by  the  one;  and  the  amount  possessed  by  the 
other ;  which  shows  that  the  capacity  of  a  spherical  surface  of  the  finest  gold-leaf  is  as  great  as 
that  of  a  globe  of  equal  diameter,  composed  of  solid  metal.  If  an  ice-pail  be  insulated  and 
charged,  ai^  then  tested  by  means  of  Coulomb's  proof  plane  (9.V.),  which  consists  of  a  small  disc 
of  metal  or  gUt  paper  attached  to  an  insulating  handle,  it  will  be  found  that  the  electricity  is 
on  the  external  surface  of  the  ice-pail,  and  that  no  indication  can  be  obtained  of  the  existence 
of  cdectricity  on  any  internal  point.    Metallic  shells  of  various  forms,  perforated  so  as  to  admit 

*  In  electrical  maafozemenis  the  kinetic  or  absolute  unit  of  foroe  is  always  made  use  of,  and  it  is 
defined  m  the  foroe  which,  acting  o|i  unit  of  man  for  unit  of  time,  generates  unit  of  yeloci^.  Unit  of  velo- 
dty  being  "  Uiat  of  a  point  which  describes  unit  of  space  in  unit  of  time,''  it  will  be  seen  that  Uie  unit  of  force 
depends  only  upon  tbe  units  of  space,  nuuM,  and  Ume,  which  are  chosen  arbitrarily.  The  unit  of  space  adopted 
by  electricians  is  the  centimetre  (0*9937  of  an  inch) ;  the  unit  of  mass  is  the  gramme  (15*43  gndnsj ;  and  the 
unit  of  time,  the  second.  Thus  deflnitelj,  unit  of  force  is  that  force  which,  acting  for  one  second  on  a  mass 
of  one  gramme,  generates  in  it  a  Telodty  of  one  centimetre  per  second ;  and  unit  quantity  of  electricity  Is  that 

S[aantitywhioh  placed  at  a  distance  of  one  centimetre  from  an  equal  quantity  attracts  or  repels  it  with  unit  of 
oroe.    The  number  981*4  ezpressee  the  foroe  of  grarity  in  terms  of  the  unit  we  hare  Just  eiplained. 
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the  proof-plaiie  or  other  testizig  body,  are  also  nued  instead  of  the  ice-pail,  and  with  the  same 
resnlt. 

From  these  experiments,  and  many  others,  which  might  be  mentioned  did  limits  permit,  we 
conclude  that,  in  the  case  of  a  chaiged  conductor,  the  whole  of  the  electricity  is  distributed  in 
an  extremely  thin  layer  at  the  surface. 

The  slightest  examination  will  show  that  the  distribution  of  electricity  at  the  surface  of  a 
conductor  depends  upon  the  form  of  the  surface*  Thus  a  cylinder,  whose  length  is  considerable 
compared  to  its  diameter,  will  be  found  to  have  the  greater  part  of  its  electricity  at  the  two  ends 
and  but  little  in  the  middle.  The  quantita^ve  determination  of  the  distribution  of  electricity, 
from  point  to  point,  was  undertaken  by  Coulomb  in  several  cases,  and  the  complete  agreement 
of  his  experiments  with  the  theoretiou  results  obtained  by  Poisson  form  the  most  beautiful 
oonfirmation  of  the  accuracy  of  the  experiments,  on  the  one  hand,  and  of  the  truth  of  the 
laws  on  which  the  mathematical  theory  of  electricity  is  founded,  on  the  other.  The  following 
was  the  method  which  Coulomb  made  use  of.  The  theory  of  the  proof  plane  shows  that  when 
the  thin  conducting  disc  is  placed  upon  a  conductor,  and  then  removed,  it  carries  away  an 
amount  of  electricity,  which  corresponds  to  what  Coulomb  calls  the  dectric  density,  at  the  point 
at  which  it  is  applied  ;  that  is,  the  quantity  of  electricity,  per  unit  area,  at  that  point.  In 
fact,  the  process  of  applying  the  proof  plane  and  canying  it  away,  is  exactly  the  same  as  if  we 
oould  cut  out  the  snuUl  portion  of  the  conductor  which  covers  it,  and  carry  it  away.  (See 
Proof  Plane,)  Coulomb  applied  the  proof  plane  to  point  after  point  of  the  body  he  was  examin- 
ing, and  carrying  it  each  time  to  the  torsion  balance  determined,  by  this  means,  the  electric 
density  at  each.  A  few  of  the  simpler  results  obtained  by  him  are  here  stated.  Upon  an 
insulated  sphere,  uninfluenced  by  want  of  symmetry  of  bodies  external  to  it  (see  Inductum\ 
equal  areas  contain  equal  amounts  of  electricity  at  every  point.  Upon  an  oblate  spheroid,  or 
egg-shaped  body,  the  electricity  is  found  concentrated  towards  the  poles,  and  removed  from  the 
equator.  The  amount  of  this  concentration  depends  upon  the  relative  lengths  of  the  axes ; 
and,  in  the  case  of  a  very  elongated  bodv,  almost  aU  the  electricity  will  be  found  at  the  two 
ends,  while  it  will  be  scarcely  discoverable  in  the  middle.  Again,  in  a  prolate  spheroid,  or 
body  flattened  at  the  poles,  like  an  orange,  the  electric  density  will  be  greatest  at  the  equator, 
and  least  at  the  poles.  In  a  general  way  it  may  be  stated,  that  on  the  parts  most  remote  from 
the  maas  of  the  body,  the  electricity  is  most  concentrated. 

The  subject  of  the  distribution  of  electricity  is  beset  with  difficulties,  both  to  experimenters 
and  to  mathematiGians.  Among  the  former  are,  besides  Coulomb,  Cavendish  and  Faraday ; 
and  among  the  latter,  Poisson,  Green,  Chasles,  Liouville,  and  Thomson.  The  papers  of  Cou- 
lomb are  published  in  the  Histoire  de  TAcademie,  1788 ;  those  of  Faraday,  in  his  Experimental 
Researches  (Transactions  of  the  Boyal  Society  from  1837,  and  afterwards  republished).  For 
the  mathematical  theory,  the  reader  may  consult  the  pi^>ers  of  Thomson  in  the  Philosophical 
Magazine,  and  the  Cambridge  and  Dublin  Mathematical  JoumaL 

ELECTBOTTPE.  By  we  process  of  electrotyping,  a  coating  of  metal  is  deposited  electro- 
ehemicallv  upon  a  prepared  surface,  and  a  copy  is  thus  obtained  of  such  articles  as  medals, 
00ms,  seals,  &a  It  is  usual  to  make  these  copies  in  copper ;  other  metals  can,  however,  be 
deposited  in  this  manner.  If  a  plate  of  metal  or  other  conducting  substance  be  attached  to  the 
negative  or  zinc  pole  of  a  battery,  and  a  plate  of  copper  to  the  other,  and  if  both  be  immersed 
without  touching  each  other  in  a  saturated  solution  of  sulphate  of  copper,  the  copper  plate  is 
gradually  eaten  away,  and  an  equivalent  quantity  of  copper  is  depositeid  at  the  other  pole  on 
the  plate  attached  to  it.  The  current  passing  through  the  liquid  decomposes  the  sulpnate  of 
copper  (see  EUctroLytit)  into  copper,  which  is  deposited  at  Ihe  negative  pole,  and  sulphion 
^S04)  which  is  set  free  at  the  otiier  pole.  The  sulphion  then  attadcs  the  copper  plate  which 
forms  the  electrode.  The  latter  is  eaten  away,  and  new  sulphate  of  copper  Is  formed.  This  is 
the  principle  on  which  electrotvping  depends. 

When  a  medal  or  other  article  is  to  be  copied,  a  cast  of  it  is  generally  taken  in  gutta-percha, 
wax,  fusible  metal,  or  some  material  which  gives  a  sharp  impression  of  the  original,  and 
a  copper  wire  is  fartened  into  this  form  while  it  is  still  soft.  If  it  be  made  of  wax  or  gutta- 
percha the  face  of  it  is  then  carefully  brushed  over  with  the  finest  plumbago  till  a  complete 
conducting  surface  is  obtained,  care  being  taken  to  make  communication  between  the  surface 
thus  produced  and  the  copper  wire.  The  form  is  then  attached  to  the  negative  pole  of  a  very 
weak  batterv,  and  the  other  pole  to  a  plate  or  a  lump  of  copper,  and  both  are  immersed  in 
saturated  solution  of  sulphate  of  copper.  A  current  of  electricity  passes,  and  the  form  is 
soon  perceived  to  be  covered  with  a  thm  coating  of  bright  copper ;  which  becomes  thicker  and 
thicker  as  the  action  goes  on.  When  the  reqidred  thkkness  has  been  attained  the  action  is 
stopped,  and  it  is  easy  with  the  point  of  a  kxdfe  to  separate  the  copper  plate  from  the  mould. 
A  pof ect  reverse  copy  even  of  the  minutest  details  is  found  on  the  side  of  the  oopper  which 
was  next  the  form. 
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It  IB  not  necessaty  even  to  use  a  separate  battery  in  this  process ;  the  plates  themselTes  are 
now  very  frequently  made  to  form  their  own  battery.  The  following  is  the  way  in  which  this 
is  done.  To  the  mould,  prepared  as  before,  is  attached  by  a  sufficiently  long  wire  a  plate  of 
zinc.  The  mould  is  put  in  a  vessel  containing  saturated  solution  of  sulphate  of  copper,  and  an 
extra  supply  of  crystals  besides  ;  the  zinc  plate  is  placed  in  a  porous  yessel  within  the  first 
Teasel,  and  surrounded  with  dilute  sulphuric  add.  The  sulphuric  add  attacks  the  zinc,  and 
causes,  as  will  readily  be  understood,  a  deposition  of  copper  on  the  mould.  The  piindple  of 
the  action  is  precisely  that  of  the  Darnell's  battery  (9.  v.). 

ELEME^rrS.  In  astronomy,  the  quantities  ^hoee  detennination  defines  tbe  path  of  a 
planet  or  other  celestial  body,  and  enables  us  to  compute  the  place  of  such  body  at  any  past  or 
future  epoch.  The  following  table  contains  the  elements  of  the  larger  planets,  and  of  the 
satellites.  The  elements  of  &e  asteroids  would  occupy  more  space  than  can  be  spued  in  sadi  a 
work  as  the  present,  but  the  general  characteristics  of  the  asteioidal  orbits  are  dealt  with  under 
the  head  Asteroids, 
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AU  the  above  elements  are  for  the  commeneemeiU  qfthe  year  185a 
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These  distances  and  all  other  elements  depending  on  the  <itrt*T»^  of  tlie  snn  are  such  as  result  on  tiw 


assumption  that  the  sun's  equatorial  horlsontal  p^T^^^ft'''  la  8*94' 
Appendix  to  Lazdnei^s  Handbook  of  Astronomy. 


and  are  taken  from  Mr.  DunUn's  ezosUent 
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The  vemal  equinox  of  four  planets,  whose  inclination  is  known,  when  they  are  aevenlly  in  the 
following  hdiocentrio  longitude : — 


The  earth  in  longitude, 
Han  » 


108^   o'  cf  I  Jupiter  in  longitude^ 
79*  15'  cf  I  Saturn  „ 


ELBimrTs  OF  thk  Mook. 

Mean  distance  from  the  earth  in  miles 

Mean  ddereal  revolution  in  days,         • 

Mean  synodical  revolution  in  days,      • 

Mean  longitude,  January  1st,  1801,     . 

Mean  longitude  of  perigee,  at  same  date. 

Mean  longitude  of  ascendkig  node^  at  same  date, 

Mean  incUnation  of  orbit, 

Mean  revolution  of  nodes  in  days. 

Mean  revolution  of  apogee  in  daya^ 

Mean  eccentricity  of  orbit, 

Mass  (earth's  as  i),        •  • 

Diameter  in  miles. 

Density  (earth's  as  i),   .  • 

Densily  (that  of  water  as  i), 

Gravity,  or  weight  of  one  terrestrial  pound. 

Bodies  fall  in  one  second,  in  feet^ 

Diameter  (earth's  as  l), 

Inclination  of  axis^        • 

Maximum  evection,      • 

Maximum  variation 

MuTiTOiitn  annual  equation, 

Maximum  horizontal  parallax, 

Mean  horizontal  paraUax, 

Greatest  apparent  diameter,     • 

Mean  apparent  diameter. 

Least  apparent  diameter, 

Elemints  or  Jupitkb's  Satkluteb. 


314"  o'  o^ 
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Elements  of  Satubn's  Satelltteb. 


No. 
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Diameter 
inmilee. 
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Sir  W.  HeneheL 

J.D.CMriaL 

II 
0.  Hnygheni. 
W.  Bond  and  W.  LuielL 
J.  D.  CfeMtnL 

Elements  of  Satxtbn'b  Biiros,  Jakuabt  i,  1865. 


Longitade  of  ascending  node  on  ecUptiOy 
Inclination,  .... 
Exterior  diameter  of  enter  ring  in  miles, 
Interior  diameter  of  outer  ring  in  miles, 
Exterior  diameter  of  inner  ring  in  miles, 
Interior  diameter  of  inner  ring  in  miles. 
Interior  diameter  of  dark  ring, 
Breadth  of  enter  bright  ring,  . 
Breadth  of  division  between  rings, 
Breadth  of  inner  bright  ring,  . 
Breadth  of  dark  ring,  . 
Breadth  of  system  of  bright  rings. 
Breadth  of  entire  system  of  rings. 
Space  between  planet  and  dark  ring, 


167*  43'  29" 

28"  10'  22* 

166,920 

147,670 

144,310 
109,100 

91,780 
9,625 
1,680 

17,605 
8,660 

28,910 

37,570 
9,760 


These  values  have  been  deduced  by  the  present  writer  from  a  comparison  of  the  best  observa- 
tions and  measurements  available  for  the  purpose,  and  he  has  made  them  the  basis  of  calculations 
respecting  the  phenomena  of  the  ring  as  seen  by  the  Satumians.  The  results  of  these  calcnl»* 
tions  are  embodied  in  Table  XI.  of  "  Saturn  and  its  System."  Although  the  above  valnes  are 
not  to  be  regarded  as  rigidly  exact,  it  is  probable  that  they  afford  a  veiy  dose  approximation  to 
the  true  dimensions  of  the  ring  system. 

Elements  of  UBAznTs'  Satellites. 


Na. 

Sidereal 
Sevolation. 

Distance  !n 
BadUofV- 

Mazlmnm 
Elongation. 

DlsooTsra. 

X. 

a. 
3- 

4. 

ad.  xah.  aSm. 
X3     XX       6 

7-44 
xo'37 
X7'ox 
aa'75 

xa" 
XS 

33 
49 

W.LauelL 
0.  Btrave. 
Sir  W.  Henohel. 
Do. 

We  have  no  satisfactory  elements  of  other  four  satellites  discovered  by  Sir  W.  Herschel,  but 
not  seen  since  his  time. 

Elements  of  Neptune's  Satelltiv, 
Discovered  by  W.  Lcutdl* 


Sidereal 
Bevolution. 

Distance  in 
Badii  of  Neptune. 

Maxlmnm 
Elongation. 

5d.  axh.  8m. 

xa'oo 

x8" 
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ELEMENTS,  MAGNETIC.    See  Magnetic  ElemenU, 

ELEMENTS,  SPECTRA  OF  THE.  When  rendered  incandescent  by  the  induction  spaik 
or  in  a  Oeisdei^t  TvJbt,  each  element  giyes  a  spectrum  of  the  second  order  (Huggina),  consisting 
of  coloured  lines  of  l^fht  separated  &om  each  other  by  dark  intervals.  These  spectra  are  per- 
fectly definite  and  invariable  when  produced  under  similar  drcumstanoes ;  they  may  thereforo 
be  used  as  a  test  for  the  presence  of  any  element.  The  most  complete  research  on  this  subject 
is  that  of  Mr.  Huggins  (see  Phil.  Trans.,  1864,  pa^  1^9}.  His  memoir  is  aooompanied  uj  a 
yeiy  elaborate  map.    (^oe  Spectra;  Prawihofer*$  Linu^ 

ELEVATION.  In  astronomy,  the  angular  height  of  a  celestial  body  above  the  horiaon. 
The  term  altitude  is  more  commonly  employed,  except  when  the  elevation  of  the  pole  of  the 
heavens  is  referred  to. 

ELLIPTICAL  POLARISATION.    See  (Hrcular  PdarUaiion. 

ELONGATION,  (e,  from ;  and  longue^  long.)  The  angular  distance  of  a  planet  from  the 
sun.  or  of  a  satellite  from  its  primary,  viewed  from  the  earth. 

EMERSION,  (emergo^  to  emerge.)  The  re-appearance  of  any  celestial  body  which  has 
been  eclipsed  or  occulted.  The  term  is  commonly  limited  to  the  renappeaiance  oz  a  star  after 
occultation  by  the  moon,  and  to  the  reappearance  of  Jupiter's  satellites. 

EMISSIVE  THEORY  OF  LIGHT.    See  Carputcuiar  Theory  of  Light 

EMERY.     See  Aluminium. 

EMULSIN.  A  white  friable  opaque  substance  obtained  both  from  sweet  and  bitter 
almonds,  and  possessing  the  property  of  a  ferment.  Under  its  influence  amygdalin  is  split  up 
into  hydride  of  benzoyl,  hydrocyanic  add,  and  glucose.  Its  composition  is  not  known.  Emul- 
sin  is  called  eynaptase  by  some  diemists.    (See  Almonde,  OU  of  Bitter;  Amygdalin,) 

ENCKE'S  COMET.  A  well-known  comet  of  short  period,  the  first  of  the  class  eyer  recog- 
nised. Encke,  who  established  the  periodic  character  of  this  body's  motion,  also  detected  the 
fact  that  its  successive  returns  to  perihelion  axe  accelerated  by  a  short  intearval  of  time,  from 
which  circumstance  he  was  led  to  conclude  that  the  comet's  motions  are  retarded  (and  so  its 
period  shortened)  by  the  resistance  of  an  etherial  mediom. 

ENDLESS  SCREW.  A  screw  fixed  so  as  to  be  only  capable  of  rotating  about  its  own  axis, 
and  associated  with  a  toothed-wheel,  the  axis  ef  which  is  usually  perpendicular  to  that  of  the 
screw.  The  teeth  of  the  wheel  are  set  so  as  just  to  agree  with  tne  obliquity  of  the  threads  of 
the  screw  which,  as  it  rotates,  takes  up  the  teeth  one  after  another,  and  so  makes  the  wheel 
reyolve  about  its  axis.  As  the  teeth  never  get  to  the  end  of  the  screw,  but  keep  up  a  oon« 
stent  succession,  the  term  "  endless  "  has  been  applied  to  the  contrivance.  Where  the  endlesa 
screw  is  turned  by  a  winch  handle,  and  acts  on  a  wheel  and  axle  employed  to  raise  weights  like 
a  windlass,  the  advantage  gained  is  equal  to  the  product  of  the  separate  advantages,  (i.)  of  tho 
lever  (arm  of  the  winch)  and  the  screw ;  (2.)  of  the  wheel  and  axle.  (See  Compound  Mctchinet ; 
Wheel  and  Axle;  Screw.)  The  adjustment  screws  of  optical  instruments  are  usually  endless 
screws. 

ENERGY.  (^,  within ;  and  ipyoPf  work.)  Inherent  power  to  perform  work.  The  tena 
received  its  scientific  meaning,  namely,  the  power  of  a  machine  or  moving  body  to  do  work 
against  some  force  such  as  graviW,  from  Dr.  Young.  Energy  is  of  two  kinds,  kinetic  (from 
KUTfroiy  moving)  and  potentiid.  lunetic  energy  is  the  actual  amount  of  work  a  moving  body 
is  capable  of  doing  at  any  instant  during  its  motion.  It  may  be  estimated  as  soon  as  the  mass 
and  velocity  are  Imown.  A  body  of  given  mass,  moving  with  given  yelocity,  must  be  capable 
of  performing  the  same  amotmt  of  work,  whatever  the  direction  of  motion,  and  whatever  the 
opposing  force.  Let  us  suppose  the  direction  to  be  vertical,  and  consequently  the  force  againct 
which  the  work  is  done  to  be  gravity.  The  body  will  rise  with  gradually  decreasing  speed 
until  its  velocity  is  spent.  Now  the  height  to  wlulch  a  body  staorted  with  an  initial  yelocity 
will  rise  is  found  by  dividing  the  square  of  the  yelodty  by  twice  the  acceleration  due  to  gravity ; 
and  the  height  in  feet  multiplied  by  the  weight  of  the  body  in  pounds  will  give  the  number  of 
units  of  work  accumulated  in  the  body  at  starting.  Hence  the  kinetic  energy  of  a  moving 
body  is  measured  by  the  product  of  the  weight  in  pounds  by  the  square  of  the  yelodty  divided 
by  twice  the  acceleration  due  to  gravity. 

When  the  moving  body  reaches  the  highest  point  of  its  course,  its  kinetic  energy  is  spent. 
The  body  is  not,  however,  in  the  same  condition  as  at  starting.  If  free  to  fall  to  its  first  posi- 
tion,  it  will  acquire  a  kinetic  energy  exactly  equal  to  that  which  has  been  expended  in  raising 
it.  Thus  the  energy  of  motion  has  not  been  lost,  but  has  been  converted  into  an  advantage  of 
position.  This  advantage  has  been  aptly  termed  by  Professor  Sir  W.  Thomson  Potential 
Energy.  As  the  kinetic  energy  of  a  body  diminishes,  its  potential  energy  increases,  and  the 
sum  of  the  two  is  therefore  constant.     (See  Conservation  of  Energy.) 

Not  only  is  a  body  capable  of  performing  work  in  consequence  of  its  motion,  but  also  by 
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meane  of  its  condition  with  regard  to  heat  and  light,  its  electrical  state,  and  its  molecular  arrange- 
ment^  and  in  the  widest  sense  of  the  term  all  these  sources  of  work  are  included  under  Uie 
term  energy ;  hence  there  will  be  as  many  different  kinds  of  energy  as  there  are  kinds  of  force, 
capable  of  performing  work.  Forces  may  be  divided  into  two  classes,  those  capable  of  produc- 
ing perceptible  motion,  and  those  which  act  only  between  the  molecules  of  the  body ;  hence 
there  are  two  great  divisions  of  energy,  Vinble  Energy  and  MoUmUur  Energy,  To  the  first  class 
belong  the  kinetic  energy  of  a  body  in  visible  motion,  and  the  potential  energy  of  a  body  sus- 
pended in  a  position  Sam  which  it  may  be  let  fall.  There  is  visible  potential  energy  in  a 
watch  newly  wound  up,  in  a  bent  cross-bow,  and  in  a  head  of  water.  To  the  second  cUvision 
belong  the  forms  of  energy  arising  from  electricity,  light,  heat,  and  chemical  action.  Each  of 
these  kinds  resolves  itself  into  two  divisions,  one  analogous  to  the  kinetic  enex^  of  a  moving 
body,  and  the  other  to  its  energy  of  position.  For  instance,  when  a  current  of  electricity  is 
passing  along  a  wire  it  will  deflect  a  magnetic  needle,  so  that  the  needle  will  no  longer  point 
N.  and  S.,  but  will  set  itself  across  the  current,  and  by  passing  round  a  bar  of  soft  iron,  it  will 
cause  the  bar  to  become  a  magnet,  and  powerfully  to  attract  pieces  of  steel  or  iron  near  it. 
The  energy  of  electricity  in  motion  may  be  termed  actual  or  kinetic.  When  two  electrified 
bodies  are  suspended  near  one  another  they  will  repel  or  attract  one  another  according  as  they 
are  charged  with  like  or  imlike  electricities ;  hence  two  such  bodies  possess  an  advantage  wiu 
regard  to  electrical  separation  which  may  be  termed  potential  energy.  Again,  radiant  heat 
and  light  is  a  species  of  actual  energy  which  passes  tlm)ugh  space  with  an  enormous  velocity, 
and  produces  motion  in  the  molecules  of  the  bodies  which  intercept  it.  The  energy  resulting 
from  the  expansion  of  a  body  in  consequence  of  heat  is  potentiaL  The  energy  stor^  up  in  the 
sulphur,  saltpetre,  and  charcoal  which  form  gunpowder  is  an  example  of  the  potential  energy 
due  to  chemical  separation.    The  following  is  therefore  a  table  of  the  kinds  of  energy : — 


'Kxxwno. 

POTJOnOAL. 

VlsfUs  Bnsxgy. 
IColecaUr  Ensigy,    • 

'   Slectrieity. 

Heat. 
Ghemiosl  Action. 

Ihio  to  visible  motion. 

Due  to  electileitj  In 
motion. 

Badiant  heat  snd  Ught, 

abiorbed  heat 
Dae  to  actual  ohemical 

action. 

Due  to  a  position  of 
advantage. 

Dne  to  electrical  separation 
or  oppoeite  electrical 
■tatee. 

Potential  energy  of  absorbed 
heat 

IXue  to  chemical  arrange- 
ment 

(See  TranuauUaion  cf  Energy.) 

ENGINE.  (Fr.  engin;  from  L.  ingeniwn,)  Any  compound  machine  composed  of  different 
parts  intended  to  apply  the  principles  of  the  mechanical  powers.  (See  SUam-BnginCy  Eeal^ 
Engine,  0<u-Engine.) 

ENIF.    (Arabic.)    The  star  e  of  the  constellation  Pegasus. 

ENDOSMOSE.  {ewSw,  within,  and  iac/jLos,  impulsion.)  The  passage  of  a  liquid  or  gas 
through  a  porous  diaphragm  inwards.    (See  Oemote,) 

EPACT.  {imLKTOfy  added.)  In  chronology  this  term  indicates  the  date  of  the  first  new 
moon  of  the  year,  llius  if  the  first  new  moon  occur  on  January  lo,  the  epact  for  the  year  is 
lo.  As  12  lunar  months  contain  354  days,  or  11  short  of  365,  the  ep«ct  for  the  following  year 
will  be  lo-l- 1 1  or  21,  unless  the  year  be  bissextile,  in  which  case  tiie  epact  will  be  22.  The 
epact  is  now  chiefly  used  for  ecclesiastical  purposes. 

£PH£M£RIS.  (i^fnifupls,  a  diary.)  An  astnmomical  table  predicting  the  place  of  a 
celestial  object  day  after  day.  In  the  Nautical  Almanac,  the  French  Connoissanoe  des  Temps, 
the  Berlin  Jahrbuch,  and  the  American  Nautical  Almanac,  carefully  computed  ephemerioes 
of  the  sun,  moon,  and  planets  are  published  three  or  four  years  in  advance. 

EPIPOLIC  DISPERSION.    See  Fluorueence. 

EPSOMITE.    See  Sulphates,  Magnenum. 

EPSOM  SALTS.     See  Suljiaiet,  Magnenum. 

EPOCH.  ('EWx^f  ^  stop. )  In  astronomy,  the  moment  of  time  to  which  the  elements  of  a 
planet's  orbit  are  referred. 

EQUATION.  In  astronomy,  any  number  or  quantity  that  has  to  be  applied  to  the  mean 
vaJue  of  another  number  or  quantity  to  obtain  the  true  value.  (See  Equation,  Personal; 
EguaHon  of  the  Centre  ;  Equation  of  Time.) 

EQUATION  OF  CENTRE.  The  apparent  motion  of  the  sun  along  the  ecliptic  is  not 
uniform,  because  the  earth  moves  with  variable  angular  velocity  round  him,    When  the  earth 
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u  in  aphelion,  the  son  leema  to  move  moet  slowly  becMne  the  earth  la  really  moving  with  her 
least  angular  velocity;  and  cm  the  oontrary,  when  the  earth  ia  in  perihelion,  the  son 
appears  to  move  most  swiftly.  The  actual  daily  motion  of  the  son  in  the  ecliptic  vaiiea  thoa 
between  the  values  o*"  5/  1 1*50",  and  i*"  i'  990^ ;  his  mean  motion  being  o*  59'  5864'.  Now 
supposing  that  an  imaginaxy  sun  were  to  travel  uniformly  round  the  ediptio  in  the  same  time 
as  iiiid  real  sun,  both  starting  together  from  the  point  where  thesun  isinperihelkm,  it  ii  obviootf 
that  the  real  sun  would  at  first  pass  in  advance  of  the  imaginary  one,  bat  that  as  they  approadied 
the  point  where  the  sun  is  in  aphelion,  the  imaginary  sun  would  gain  on  the  real  one,  and  they 
would  reach  that  point  together  ;  after  passing  that  point  the  imaginary  sun  would  be  in  ad- 
vance, but  as  they  approached  their  starting  j^iint,  the  real  sun  w<nJd  gain  on  the  imaginary 
one  and  they  would  reach  that  point  togetl^r.  The  apparent  distance  aeparating  the  ceatrea  A 
the  two  suns  is  called  the  jEigwotion  0/ tA«  CaUre;  and  has  to  be  considered  in  comparing  real  and 
mean  solar  time.  (See  EquaUon  of  Time. )  The  equation  of  the  centre  never  exceeds  1*55'  33*3*- 
EQUATION  OF  EQUINOXES.  The  position  of  the  equator  on  the  ecliptic  is  continually 
ff^tftiiig  backwards  (see  Preeancn),  but  not  at  a  uniform  rate.  A  mean  rate  of  motion  is  there- 
fore assumed,  and  the  correction  due  for  the  vaiiatbn  from  unif ormity  is  given  in  the  NaAtical 
Aim^.«a/*  and  other  such  works,  for  every  ten  days.  This  correction  is  calted  the  JBquatUm  ofAe 
E^pdnoxei, 

EQUATION  OF  TIME.  A  cotrectioa  which  has  to  be  applied  to  appaorent  solar  time,  to 
determine  mean  solar  or  civil  time,  and  to  mean  time  to  determine  apparent  time.  If  the  snn 
travelled  uniformly  along  the  equator,  mean  and  apparent  time  would  coincide ;  as  he  travels 
with  variable  velocity  on  the  ediptio,  they  differ.  Now  as  respects  his  variable  velocity,  the 
reader  will  see  by  a  reference  to  Equation  of  Centre  what  its  effects  are  ;  but  so  far  as  they 
influence  the  correction  for  time,  a  few  words  must  be  added.  Supposing  there  were  no  other 
correction  than  this,  and  we  selected  the  epoch  of  the  earth's  perihelion  passage  as  that  on  which 
true  and  mean  time  coincided.  Then  we  have  seen  that  the  sun  passes  in  advance  of  the  place 
due  to  his  mean  motion ;  and  since  it  is  the  sun's  motion  in  the  ecliptic  which  causes  the  solar 
day  to  exceed  the  sidereal  day  (for  this  motion  takes  place  in  a  direction  contrary  to  that  of  the 
diurnal  rotation),  we  see  that  the  faster  the  sun  moves,  the  longer  the  true  solar  day  becomes, 
and  that  so  long  as  the  sun  is  in  advance  of  his  mean  place  he  comes  later  to  the  meridian,  so 
that  when  the  true  sun  shows  noon  it  is  really  past  noon.  Hence  until  the  earth  is  in  aphelion 
the  correction  on  apparent  time  is  addiUpe.  It  is  equally  clear  that  while  the  earth  is  moving 
from  aphelion  to  penhelion,  the  correction  on  apparent  time  is  aubtractive.  Thus  so  far  as  ike 
sun's  variable  motion  in  the  ediptic  ia  concerned,  we  have,  from  the  beginning  of  January  to 
the  beginning  of  July,  an  additive  correction,  and  through  the  rest  of  the  year  a  subtractive 
correction.  Next,  as  to  the  sun*s  oblique  motion.  Supposing  that  in  this  case,  for  convenience,  we 
regard  the  apparent  and  mean  time  as  coinddent  when  the  sun  is  at  the  solstices  and  equinoxeei. 
Then  starting  from  the  winter  solstice,  we  see  that  the  true  sun  passes  in  advance  of  the  mean 
sun  in  nght  ascension,  because  he  is  travelling  athwart  the  circles  of  dedination  where  they 
are  nearer  together  than  on  the  equator ;  but  as  he  nears  the  equator  he  travels  more  slowly 
than  the  mean  sun  in  right  ascension,  because  he  travels  athwart  the  cirdes  of  dedination 
obliquefy  and  where  they  are  nearly  as  far  apart  as  on  the  equator.  On  the  equator  the  true 
and  mean  sun  come  together.  Thence  to  the  summer  solstice  the  true  sun  is  behind  the  mean 
sun ;  thence  to  the  autumnal  equinox  in  advance ;  and  thence  to  his  starting  place,  at  the  win- 
ter solstice,  behind.  Thus  we  get : — From  the  winter  soktice  to  the  vernal  equinox,  an  additive 
equation ;  thence  to  the  summer  solstice  a  subtractive  one  ;  thence  to  the  autunmal  equinox 
an  additive  one  ;  and  finally,  thence  to  the  winter  solstice,  a  subtractive  one. 

Combining  this  result  with  the  former,  calling  the  correction  due  to  the  Bun*8  variable 
velodty  A,  and  that  due  to  his  oblique  course  B,  and  supposing  for  the  moment  that  the  earth 
is  in  perihelion  at  the  winter  solstice  (which  is  not  far  &om  the  truth),  we  get  from  the  winter 
solstice  to  the  vernal  equinox  A  and  B,  both  additive,  A  passing  from  o  to  its  maximum,  B 
from  o  through  its  maximum  to  o  again ;  thence  to  the  summer  solstice  A  is  additive,  B 
subtractive,  A  passing  from  its  maxiTnuTn  to  o,  B  &om  o  through  its  maximum  subtractive 
value  to  o  again ;  thence  to  the  autumnal  equinox  A  is  subtractive  and  B  additive,  A  paesing 
from  o  to  its  maximum,  B  from  o  through  its  maximTiTn  additive  value  to  o  again ;  and  lastly, 
thence  to  the  vernal  equinox,  A  and  B  are  both  subtractive,  A  passing  from  its  muTiTnTiTn  to 
o,  and  B  from  o  through  its  maximum  to  o  again.  According  to  this  arrangement,  we  should 
have  the  winter  solstice  and  the  summer  solstice  at  two  epochs  when  the  equation  of  time  was 
nU,  and  the  equation  would  also  vanish  in  the  course  of  spring  and  summer,  through  the  equality 
and  contrary  character  of  A  and  B.  As  a  matter  of  fact,  owing  to  the  non-ooinddenoe  of  the 
earth's  perihelion  with  the  winter  solstice,  there  is  not  this  simple  relation.  Somewhere 
beti^een  the  winter  solstice  and  the  date  of  the  earth's  perihelion  passage,  the  equation  of  time 
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is  nil;  thia  happens  on  or  about  Chiistmaii-day ;  and  the  equation  again  vanishes  on  or  abont 
June  i6th ;  the  equation  vonifihes  also  on  or  about  April  i6  and  September  ist.  The  lour 
TnaTJma  are  unequal ;  their  character  and  amount  are  as  follows : — On  February  nth  an  addi- 
tive maximum  equation  of  14"  31* ;  on  May  14,  a  subtrsctive  maadmnm  equation  of  3*  53* ; 
on  July  16  an  additive  maTimnm  equation  of  6^  13" ;  and  lastly,  on  November  3,  a  suhfaao- 
tive  maTiTnum  equation  of  about  16"  19^ ,  the  absolute  maximum  for  the  year. 

EQUATION,  PERSONAL.  In  astronomy,  aoorrection  i^^lied  to  time-interyals  depend- 
ing oa  observations  made  by  different  persons.  In  noting  the  oocurrenoe  of  a  given  astronomical 
event,  different  observers  will  make  errors  which  differ  in  character  or  extent.  One  observer 
will  record  the  event  too  soon,  another  too  Ifite,  or  the  average  error  made  by  two  observers, 
hoth  of  whom  anticipate  the  event,  or  fail  to  record  it  in  time,  will  be  found  to  be  different. 
Now,  when  it  Ib  possible,  by  comparing  a  long  series  of  observations  made  by  two  astronomers, 
to  determine  the  average  difference  between  the  enrofs  likely  to  be  made  by  each,  it  becomes 
possible  to  make  an  important  correction  of  timeHntervals  depending  on  their  combined  observa- 
tions. Thus  suppose  A  records  an  event  as  having  happened  at  a  certain  time,  while  B  records 
another  event  as  having  happened  10  minutes  laier.  Now  if  we  know  that  in  recording  the 
same  event*  A  would  anticipate  B  by  I  second,  we  conclude  that  if  either  A  or  B  had  observed 
both  eventa,  the  time-interval  would  have  been  9^  59^,  instead  of  lo^,  whether  A  or  B  be 
the  more  exact  observer,  lliis  then  is  the  estimated  interval  between  the  oocnnense  of  the 
two  events,  and  i"  is  the  rdaUve  penonal  «iuaiti4m  between  the  two  observers.  When  we  have 
the  means  of  learning  what  actual  error  an  observer  is  likely  to  make,  we  can  also  apply  to  his 
observations  a  correction  equivalent  to  this  error.  This  oozrection  would  be  his  abtoLvU  pemh 
nal  equation. 

EQU  ATOB^  CELESTIAL.  {JSquMM,  equal.)  In  astronomy  the  great  cbde  on  the  heavens 
which  has  for  poles  the  intersection  of  the  earth's  axis  of  rotation  with  the  celestial  sphere. 
When  the  son  is  on  the  equator  the  day  is  equal  to  the  night  for  all  places  on  the  earth's  sur- 
face. Hence  the  name  01  this  great  drde.  Right  ascension  is  measured  along  the  equator 
from  the  first  point  of  Aries.  Declination  is  measiuedfirom  the  equator  along  declination  dxdes^ 
either  towards  the  north  or  south  pole.    The  equator  is  sometimes  called  the  eqycinodiaL 

EQUATORIAL.  In  astronomy,  a  term  applied  to  a  telescope  which  has  its  fixed  axis 
directed  to  the  pole  of  the  heavens,  so  that  the  telescope  may  he  made  to  follow  astar  by  a 
single  motion. 
EQUATORIAL  HORIZONTAL  SOLAR  PARALLAX.  See  PataOax. 
EQUATOR,  MAGNETIC.  A  line  which  pretty  nearly  coincides  with  the  geographical 
equator,  and  at  every  point  of  which  the  vertical  component  of  the  earth's  magnetic  attraction 
is  zero — ^that  is  to  say,  a  dipping  needle  carried  along  it  remains  horizontal.  It  is  hence  called 
the  Adimc  Line.    (See  AcUnie.) 

EQUATOR^  TERRESTRIAL.  The  great  drde  on  the  earth  vrhidi  is  at  right  angles 
to  the  polar  axi^  and  so  divides  the  earth  into  two  hemispbevefr— the  nortbern  and  the 
southern. 

EQUILATERAL  PRISM.  (jEquui,  equal,  and  latut,  a  side.)  A  prin^  the  section  of 
wluch,  perpendicularly  to  its  axis,  is  an  equilateral  triangle.  This  form  and  the  iaosodes  prism 
are  those  usually  employed  to  effect  the  prismatic  decomposition  of  liffht. 

EQUILIBRIUM.  (From  <Bquu$,  equal,  and  libra,  a  balance.)  The  state  of  rest  of  a  point 
or  body  acted  on  by  a  system  of  mutually  counteracting  forces.  Any  relation  between  the 
forces  which  can  only  exist  when  there  is  equilibrium,  and  which  must  exist  in  order  that  there 
may  be  equilibrium,  is  termed  the  condition  of  equilibrium.  The  condition  that  two  forces 
acUng  on  a  partide  shall  keep  it  at  rest^  is  that  the  forces  be  equal  and  opposite.  The  condi- 
tion A  equilibrium  for  three  forces  may  be  expressed  in  various  ways :— The  resultant  of  any 
two  of  the  forces  must  be  equal  and  opposite  to  the  third ;  if  a  triangle  be  formed  by  lines 
parallel  to  the  directions  of  tne  forces,  the  sides  will  be  proportional  to  the  forces.  When  any 
system  of  forces  in  one  plane  acts  on  a  point  at  rest^  if  the  forces  be  resolved  into  two  sets  in 
mrections  at  right  angles  to  one  another,  the  forces  acting  in  dther  direction  must  be  an  ecjuili- 
brium  amongst  themsdvesL  When  the  forces  ars  not  in  the  same  plane,  the  same  condition 
holds,  with  regard  to  three  directions,  at  right  angles  to  one  another.  When  the  forces  are 
parsUel,  and  in  one  plane,  in  order  that  there  may  be  e^mUbrium,  the  sum  ol  the  moments  of 
the  foroes  about  any  point  in  their  plane  must  be  aero.  When  the  forces  act  on  a  rigid  body, 
there  are  usually  two  ocHiditions  of  equilibrium,  the  one  being  the  condition  that  the  body  shall 
not  have  a  motion  of  translation,  and  the  other  that  it  shall  not  have  a  motion  of  rotation. 
For  example,  the  conditions  of  equflibrium  of  a  lever  are-— first,  that  the  fulcrum  shall  be  strong 
enough  to  bear  the  pressure  upon  it ;  and,  secondly,  that  there  shall  be  no  tendency  in  the  lever 
to  torn  abont  the  fnlcrum ;  hence  the  resistiwioe  ol  the  fnlcram  mnst  be  equal  to  the  sum  of  the 
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power  and  weight,  and  the  moment  of  the  power  about  the  fulcrum  must  be  equal  to  the 
moment  of  the  weight.  When  a  body  is  suspended  from  a  point,  the  resistance  of  the  point 
must  be  equal  to  the  weight  of  the  body,  and  the  vertical  through  the  point  must  contain  the 
centre  of  gravity  of  the  body.  The  same  two  conditions  hold  when  a  body  rests  on  a  point.  If 
a  body  rest  on  more  than  one  point  in  the  same  plane,  the  resistances  at  these  points  will  be 
parallel  forces,  and  will  therefore  have  a  single  resultant  parallel  to  thenu  The  direction  of 
this  resultant  will  lie  within  the  base  formed  by  the  points,  hence  a  condition  of  equilibrium  is 
that  the  vertical  through  the  centre  of  gravity  of  the  body  must  faHl  within  the  base. 

The  force  required  to  move  a  body  may  vary  with  the  position  of  the  body.  Let  a  prism 
rest  on  a  horizontal  plane,  and  let  it  be  turned  about  one  edge.  The  centre  of  gravity  will 
describe  a  circle,  and  the  force  required  to  move  the  prism  will  decrease  as  the  centre  of  gravity 
ascends  ;  in  other  words,  the  stability  of  the  body  decreases  as  the  centre  of  gravity  rises.  When 
the  centre  of  gravity  arrives  at  a  position  vertically  over  the  edge,  the  body  reaches  the  limit  of 
stability.  The  equflibrium  is  mathematically  possible  in  this  position,  but  the  slightest  foroe 
would  destroy  it,  and  when  slightly  disturbed  the  body  would  fall  away  from  the  position. 

When  a  body  in  equilibrium  would  return  to  its  original  position,  if  slightly  displaced  the 
equilibrium  is  said  to  be  stable ;  when  the  body  would  fall  away  from  its  first  position,  if  slightly 
displaced  the  equilibrium  is  said  to  be  unstabU  ;  when  there  is  neither  a  tendency  to  return  to^ 
nor  to  fall  away  from  the  first  position,  the  equilibrium  is  neutral.  There  is  equilibrium  only 
when  the  centre  of  gravity  occupies  the  highest  or  lowest  possible  position,  and  Uie  equilibrium 
is  stable  in  the  first,  and  unstable  in  the  second.  In  the  case  of  neutral  equilibrium,  as,  for 
instance,  when  a  sphere  rests  on  a  horizontal  plane,  the  centre  of  gravity  is  neither  raised  nor 
lowered  by  moving  the  body. 

EQUINOCTIAL.    See  Equator,  Cdestial,  and  Equmox. 

EQUINOCTIAL  POINTS.  The  points  in  which  the  ecliptic  intersects  the  celestial 
equator.  The  point  in  which  tl^e  ecliptic  passes  to  the  north  of  the  equator  corresponds  to  the 
vernal  equinox  (see  Equinox),  and  is  called  the  first  point  of  Aries.  The  point  in  which  the 
ecliptic  passes  to  the  south  of  the  equator  corresponds  to  the  autumnal  equinox,  and  is  called 
ihe  first  point  of  Libra,  Owing  to  precession,  the  equinoctial  points  shift  retrogressively  along 
the  ecliptic ;  so  that,  for  example,  the  first  point  of  Aries  now  falls  within  the  constellation 
Pisces,  the  first  point  of  Libra  within  the  constellation  Virgo.  A  complete  revolution  is 
effected  in  25,860  years. 

EQUINOCTLAL  TIME.  Time  may  sometimes  be  conveniently  referred  to  the  passage  of 
the  first  point  of  Aries  across  the  equinox.  This  is  called  egiUnoeUal  time,  to  HiB<:»ngn"^  it 
from  load  time, 

EQUINOX,  {^quus,  equal ;  and  noK,  night.)  The  period  when  the  sun  crosses  the  celes- 
tial equator.  His  passage  from  south  to  north  of  the  equator  which  occurs  on  about  the  aist 
of  March,  marks  the  period  of  the  vernal  equinox ;  his  passage  from  north  to  south  of  the 
equator,  which  occurs  on  about  the  23rd  of  September,  marks  the  period  of  the  aviumnaH  equi~ 
nox.  Owing  to  the  elliptlcity  of  the  earth's  orbit,  the  interval  between  the  vernal  and  the  next 
autumnal  equinox  is  nearly  eight  days  greater  than  the  interval  between  the  autumnal  and  the 
next  vernal  equinox  ;  for  the  earth  passes  her  perihelion  in  mid-winter,  and  then  moves  most 
swiftly  in  her  orbit,  whereas  in  ndd-summer  she  passes  her  aphelion,  and  moves  most  slowly. 
It  is  necessary  to  remark  that  for  the  southern  hemisphere  the  vernal  and  autumnal  equinoxes 
are  interchanged ;  and  the  southern  summer  is,  of  course,  shorter  than  the  southern  winter. 

EQUULEUS.  (The  LittU  Horse.)  One  of  Ptolemy's  northern  constellations.  It  lies  dose 
by  Delphinus,  and  is  equally  insignificant. 

ERBIUM.  A  very  rare  metallic  element  accompanying  Yttrium  and  Terbium ;  no  method 
of  separating  them  accurately  is  known.  Its  salts  appear  to  be  colourless,  and  to  crystallise 
well,  but  their  properties  are  almost  unknown.  Symbol  Er.  The  atomic  weight  has  not 
been  determined.  According  to  Bunsen,  the  oxide  Erbia  when  ignited  in  a  spirit-lamp  gives  a 
spectrum  consisting  of  luminous  bands.  Mr.  Huggins  has  recently  shown  that  some  other  earths 
possess  this  property.    Chem.  News.  Oct.  7th,  1870. 

ERECTING  EYEPIECE.  This  form  of  eyepiece  is  generally  used  for  terrestrial  tele- 
scopes, and  is  seldom  employed  for  microscopes  or  astronomical  telescopes.  It  consists  of  an 
ordinary  negative  eyepiece  in  front  of  which  two  lenses  are  placed  which  erect  the  inverted 
image  formed  by  the  object  glass,  the  negative  eye-piece  then  enables  the  ohBerver  to  view  tiiis 
erect  image.     (See  Eye-piece,  and  Telescope.) 

EBIOMETEB.  (epcov,  fibre  ;  fJierpov,  a  measure.)  An  instrument  proposed  by  Br.  Young 
for  measuring  the  duuneters  of  minute  particles  and  fibres ;  it  depends  upon  the  diffraction 
fringes  form^  by  the  object  to  be  measured.  As  these  fringes  increase  with  the  size  of  the 
object  it  is  not  difficult  to  fonn  »  scale  of  measurement  based  on  this  principle.    (See  Fringes.) 
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EBIDANXTS.  One  of  Ptolemy's  southern  constellations.  It  ranges  over  a  great  extent  o£ 
aky,  following  a  winding  course  from  the  preceding  foot  of  Orion,  past  the  paws  of  Cetus, 
towards  the  keel  of  Argo.  The  principal  star  of  tMs  constellation,  tiie  brilliant  Achemar,  is 
not  visible  in  our  latitudes. 

ERRAI.    (Arabic.)    The  star  y  of  the  constellation  Cepheus. 

ESCAPEMENT.  In  horology,  the  name  given  to  that  part  of  the  mechanism  by  which  the 
circular  motion  of  the  wheels  is  converted  into  a  vibratory  motion.  (See  Horology.)  There 
are  several  common  forms  of  escapement. 

The  clv;Uk  or  anchor  escapement  was  invented  in  1680  by  Clement,  a  London  watchmaker, 
and  was  greatly  improved  by  Graham  about  the  year  1700.  The  pendulum  is  attached  to  a 
double  hook  tennea  a  clutch  or  anchor,  which  falls  between  the  teeth  of  the  escapement  wheel, 
and  then  acapea  from  it  once  in  each  oscillation.  The  escapement  wheel  has  teeth  bent  in  the 
direction  opposite  to  that  in  which  it  is  to  move  ;  f onus  part  of  the  clock-work,  and  is  moved  by 
the  weight  or  spring.  It  revolves,  however,  with  a  motion  which  is  not  continuous,  as  would 
be  the  case  if  the  anchor  did  not  intervene,  but  is  stopped  alternately  by  one  spur  or  pallet  of 
the  anchor,  and  then  by  the  other.  As  the  time  of  oscillation  of  the  anchor  depends  on  the 
length  of  the  pendulum,  the  latter  regulates  the  motion  of  the  escapement  wheel,  and  by  its 
means  the  motion  of  the  other  parts.  The  motion  of  the  escapement  wheel  continues  only  for 
the  short  interval  during  which  the  tooth  of  the  wheel  slides  over  the  pallet  of  the  anchor,  and 
the  wheel  is  still  or  dead  during  the  remainder  of  the  oscillation.  On  this  account  the  anchor 
escapement  is  sometimes  termed  the  deadrbeat  escapement.  The  recoil  escapement  consists  of 
two  spurs  or  pallets,  which  project  from  the  balance  wheel  of  a  watch,  at  right  amgles  to  each 
other,  one  acting  at  the  top  and  the  other  at  the  bottom  of  the  escapement  wheeL  These 
pallets  engage  idtemately  in  the  teeth  of  the  escapement  wheel  exactly  in  the  same  manner  as 
the  pallets  of  the  anchor. 

The  cylindrical  escapement  is  used  in  very  flat  watches.  The  pallets  are  replaced  by  notches 
in  the  axes  of  the  balance-wheel,  which  is  formed  into  a  semi-cylinder.  As  the  balance-wheel 
oscillates  the  semi-cylinder  turns  upon  its  axis  and  interposes  itself  alternately  on  the  right  and 
on  the  left  between  the  teeth  of  the  escapement  wheel,  letting  them  escape  in  a  manner  exactly 
■imilar  to  that  of  the  anchor. 

The  duplex  escapement  consists  of  an  escapement  wheel  with  two  sets  of  teeth  partaking  of 
the  characters  of  a  spur  and  a  crown  wheel  and  an  impulse  daw  or  pallet.  The  spur  teeth  are 
like  those  of  the  ordinary  escapement  wheel,  and  the  crown  teeth  project  from  the  face.  The 
pallet  faUs  successively  between  the  crown  teeth,  and  receives  from  them  as  they  escape  an  im- 
pulse which  keeps  up  the  motion  of  the  balance-wheeL 

The  detached  or  lofcr  escapement  is  now  much  used  in  English  pocket  watches.  It  connsts 
of  an  anchor  attached  to  a  lever  forked  or  notched  at  one  end.  A  pin  attached  to  the  verge  or 
axle  of  the  balance  enters  the  notch  at  each  vibration,  first  moving  off  the  anchor  and  then  re- 
ceiving an  impulse  which  restores  the  force  lost.  The  lever  is  detached  from  the  balance  except 
for  an  instant  at  Uie  middle  of  each  oscillation.    (See  fforology,) 

ESSENTIAL  OILS.    See  (HI. 

ETANIN.  (Arabic.)  The  star  7  of  the  constellation  Draco.  It  is  interesting  as  being  the 
star  by  the  obs^ation  of  which  BnuUey  was  led  to  the  disooveiy  of  the  aberration  of  the  fixed 
stars. 

ETESIAN  WINDS.  The  heat  of  Sahara  in  summer  causes  cool  air  from  the  Mediterranean 
to  flow  southwards.     The  winds  thus  arising  are  called  Etesian  winds. 

ETHER.  A  very  mobile  colourless  liquid,  having  a  peculiar  fresh  odour  and  burning  taste. 
Specific  gravity,  0723.  Boiling  point,  JS'S'  C.  (96*  F.)  Formula,  C4H,oO.  It  is  very  in- 
flammable, and  the  vapour  forms  an  explosive  mixture  with  air.  It  dissolves  slightly  in  water. 
In  its  chemical  relations  ether  is  considered  to  be  the  oxide  of  the  radical  ethyl  (C^Hg),  common 
alcohol  being  the  hydrated  oxide  qf  ethyL  Ether  is  the  second  term  of  a  series  of  homologous 
bodies  of  wUdi  methylic  ether  (CjH^O),  is  the  first.    (See  Alcohols;  ffomologout  Svhttanees.) 

ETHFiR,  LUMINIFEROUS.  {AiBv,  to  light  up  ;  ai$fip,  ether. )  The  medium  whose  vibra- 
tions are  supposed  to  cause  light.  It  is  believed  to  pervade  all  space,  and  to  be  imponderable 
and  infinitely  elastic.    (See  Undulatory  Thetny  of  Light,) 

ETHYL.  A  colourless  gas.  Specific  gravity,  2-046.  At  38*"  F.  (3-3''  C),  it  assumes  the 
liquid  form,  under  a  pressure  of  24  atmos^ures.  Boiling  point  about  »  9*4^  F.  (—  23*  C.)  The 
gas  bums  with  a  highly  luminoos  flame. 

EUCHLORINE.    hee  Chlorine. 

EUDIOMETER  {ivdiot,  fine,  dear,  of  air ;  and  fUrpoF,  a  measure),  is  an  instrument  for 
examining  the  oompodtion  of  gases  ;  originally  for  testing  tiie  purity  of  air  by  ascertaining  the 
quantity  of  oxygen  it  contains.    There  an  several  forms  of  eudiometer ;  the  most  convenient  is 
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patlui|M  A  0tnight  gnduAtod  glaoB  tube  closed  at  the  top,  and  haviog  two  pUtmnm  wires 
bennetically  sealed  into  its  sides,  and  projectiiig  into  the  interior,  so  as  nearfy  to  touch  eadi 
other ;  or  a  U  tube,  one  of  whose  legs  is  dosed,  graduated  and  furnished  with  plafeinnm  wires 
in  the  way  we  have  just  described. 

The  method  of  examining  a  mixture  of  gases  with  this  insfcminent  will  readily  be  understood 
from  the  following  description  : — Suppose  a  specimen  of  common  air  is  to  be  analysed,  a  certain 
▼olume  is  introduced  into  the  eudiometer,  standing  over  mercury  in  the  usual  way,  for  coUecting 
gases,  and  the  amount  carefully  noted  by  means  of  the  graduations  of  the  tube.  To  determine 
the  carbonic  acid  gas  present  a  small  quantity  of  rerj  strong  solution  of  caustic  potash  is  Utteaa. 
thrown  up  into  the  tube,  and  by  moving  it  up  and  down,  wiule  the  mouth  of  it  is  always  care- 
fully kept  beneath  the  surface  of  the  mercniy,  the  carbonic  acid  gas  is  caused  to  combine  with 
the  caustic  potash,  and  to  be  abeorlied  into  the  liquid,  thus  giving  rise  to  a  diminution  of  the 
volume  of  the  gas,  whidi  is  noted.  If  there  be  other  impurities  &ey  are  detennined  by  means 
of  suitable  absorbents.  The  oxygen  may  then  be  absorbed  by  means  of  n^ifc^ii»»o  solution  of 
pyiDgallic  acid  iq.v.),  and  the  nitrogen  found  by  difference ;  but  we  prefer  to  describe  the  f<^ow- 
ing  method  of  ascertaining  its  quantity  in  order  to  illustrate  one  of  the  uses  of  the  eudiometer. 
Supposing  that  there  is  nothing  left  but  a  volume  of  oxygen  and  nitrogen,  and  that  it  is  required 
to  mid  the  amount  of  oxygen  in  the  mixture,  a  quantity  of  pure  hydrogen  ia  added,  wliose 
volume  is  at  least  twice  that  of  the  oxygen  contained  in  the  mixture,  and  the  amoimt  is  care- 
fully noted.  An  electric  spark  is  then  caused  to  pass  between  the  platinum  wires,  which  we 
have  described  as  sealed  into  the  tube,  and  on  its  passage  the  oxygen  and  hydrogen  combine 
(see  BUctrihCkemittry)  to  f onn  water.  In  order  to  prevent  a  loss  of  gas  when  the  ex^osion  takes 
place,  the  lower  end  of  the  eudiometer  is  depressed  while  the  spark  passes  a  few  inches  below  the 
level  of  the  mercury  if  the  straight  tube  be  used,  and  care  is  always  taken  in  filling  the  tube 
to  leave  a  space  of  at  least  an  inch  at  the  bottom  occupied  by  a  column  of  mercury.  If  the 
bent  eudiometer  is  employed,  the  open  end  is  closed  with  the  thumb,  the  bend  of  the  tube  being 
filled  with  mercury.  As  soon  as  the  tube  is  cool,  the  water,  whidi  ia  formed  as  stesm,  con- 
denses, and  the  volume  of  the  gas  that  has  disappeared  in  tiie  form  of  water  is  carsfully 
noted,  the  proper  corrections  for  temperature  and  pressure  being  made.  But  we  know  that 
oxygen  and  hydrogen  combine  together  to  form  water  in  the  proportions  of  two  volumes  of 
hydrt^n  to  one  of  oxygen,  and  henoe  one-third  of  the  gas  that  has  disappeared  is  oxygen. 
Subtracting  this  volume  from  the  volume  of  the  mixture  of  oxygen  and  nitrogen  d^er* 
mined  before  the  addition  of  the  hydrogen,  the  original  volume  of  nitrogen  is  known.  In 
an  analysis  the  results  obtained  are  then  redikced  to  per  centage  volumes. 

EVAPORATION.  {Evaporo,  to  disperse  in  viq>our.)  Evaporation  Mgnififta  the  forma- 
tion of  vapour  at  the  surface  of  a  liqidd,  in  contradistinotion  to  ebullition,  which  mgnifym  the 
fbnnation  of  vapour  within  the  mass  of  a  liquid.  Evaporation  takes  place  from  every  exposed 
liquid  surface  and  at  all  temperatures  ;  it  varies  with  the  area  of  the  surfoee  exposed,  and  with 
the  temperatuTB  of  the  surrounding  space.  It  was  once  imagined  that  the  air  itself  induced 
evaporation  in  virtue  of  its  attraction  for  the  vapour,  but  this  is  well  known  to  be  fslse,  because 
evuraration  takes  place  in  a  vacuum  far  more  freely  than  in  air.  It  also  takes  place  more 
readily  in  the  presence  of  dry  air,  and  of  air  in  motion,  than  in  that  of  moist  air  and  of  air  at 
rest.  Moist  air  is  already  more  or  less  saturated  with  vapour,  and,  when  quite  saturated, 
evaporation  ceases ;  now  the  air  immediately  above  a  liquid,  so  long  as  it  is  at  rest,  is  saturated 
with  vapour,  but  if  the  air  be  id  motion,  unsaturated  portions  are  oonstantiy  brought  in  contact 
with  the  surface,  and  the  evaporation  is  thus  promoted.  The  influence  of  temperature  on  ev»> 
poration  scarcely  needs  any  illustration.  As  heat  is  the  cause  of  evaporation,  it  is  obvious  that 
the  higher  the  temperatun,  other  things  being  equal,  the  greater  will  be  the  evaporation ;  and 
we  have  numberless  examples  of  this  around  us.  We  know  how  soon  the  earth  becomes 
parched  in  sununer,  and  how  rapidly  streamlets  and  small  lakes  dry  up  in  warm  weather.  The 
tnflnencft  of  extent  of  surface  is  also  obvious,  for,  since  evaporation  takes  place  only  from  the 
surface  of  a  liquid,  the  greater  the  surface  the  greater  must  be  the  evaporatMm.  If  we  take  a 
tumbler  of  water  and  place  it  in  the  sun,  side  by  side  with  the  same  amount  of  water  in  a  flat 
dish,  the  difference  in  the  evaporation  will  soon  be  apparent.  Salt  was  formerly  procured  by 
the  evaporation  of  sea  water  in  shallow  ''salt  pans''  of  very  large  area.  Evaporation  takes 
place  more  readily  in  a  vacuum  than  in  air  on  account  of  the  reduced  pressure,  because  pleasure 
of  necessil7  tends  to  ke^  the  molecules  of  the  liquid  together,  and  when  that  pressure  is 
removed,  the  molecules  can  more  readily  assume  the  gaseous  condition.  If  a  drop  of  a  volatile 
liquid  be  passed  up  into  the  Torricellian  vacuum,  it  instantly  assumes  the  vaporous  condition.  The 
influence  of  pressure  on  the  boiling  point  is  discussed  in  detail  in  the  article  EbuUidUm.  When 
a  liquid  is  evaporated  simultaneoiuly  in  a  vacumn,  and  in  the  presence  of  a  substance  like  sul- 
phuric add  or  chloride  of  caldum,  which  has  a  great  attraction  for  moisture,  the  evaporation  is 
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Terj  rapid.  The  influence  of  air  in  motion  as  a  promoter  of  erapofation  can  be  aiiown  hy  many 
means.  Thus,  the  action  of  a  fan  is  to  inereaBe  the  evaporation  from  the  akin  and  so  to  pro- 
duce cold  ;  BO,  also,  if  we  moisten  the  face  and  then  fan  ourselves,  we  perceive  a  considerable 
chilling,  and  if  ether  is  poured  upon  the  hand  and  air  blown  upon  it  the  cold  is  intense. 

The  production  of  gas  or  vapoor  (and  we  may  here  remark  that  the  term  gas  is  usually 
applied  to  substances  in  the  gaaeons  condition  which  are  far  removed  from  their  points  of  con- 
densation, while  the  term  vapour  is  applied  to  gases  which  normally  exist  in  the  liquid  condition), 
is  always  and  of  necessity  accompanied  by  the  production  of  cold — ^that  is,  by  the  withdrawal 
of  heat,  for  cold  is  not  an  entity.  A  gas  or  vapour  is  a  liquid  plus  heat,  aad  in  the  passage 
from  the  liquid  to  the  gaseous  condition  a  quantity  of  heat  is  rendered  latent  (see  Latent  HttU\ 
which  reappears  on  the  liquefaction  of  the  gas  or  vapour.  Water  and  other  liquids  may  be 
frozen  by  their  own  evaporation,  as  was  first  shown  by  Leslie.  In  order  to  effect  this^  he 
placed  a  small  vessel  containing  water  immediately  over  a  dish  full  of  concentrated  sulphuric 
acid  ;  this  was  put  under  the  receiver  of  an  air-pump,  which  was  exhausted ;  the  oonsequence 
was  that  the  water  evi^rated  rapidly,  and  the  vapour  was  absorbed  by  the  sulphuric  acid 
imtil  the  water  had  been  so  cooled  by  the  withdrawal  of  the  heat  necessaxy  for  its  vapour  that 
it  froze.  We  have  another  example  of  the  freezing  of  water  by  its  own  evaporation  in  Dr. 
WoUaston's  Cryo>pkorus  (whidi  see).  Extreme  degrees  of  cold  may  be  produced  by  the  evapo- 
ration of  very  volatile  liquids,  such  as  we  have  in  the  liquefied  gases.  Thus  mercury  may  be 
frozen  by  the  evaporation  of  liquid  sulphurous  acid,  and  the  most  intense  d^;ree  of  oold  with 
^hich  we  are  acquainted  is  produced  by  the  evaporation  of  a  mixture  of  liquid  nitrous  oxide 
with  bisulphide  of  carixm  in  a  vacuum. 

The  elastic  force  of  a  vapour  depends  on  the  temperature,  and  Is  greater  as  the  temperature 
is  higher.  The  following  law  relating  to  this  result  was  discovered  by  Dalton  : — ^In  a  vacuum 
the  evaporation  of  a  liquid  continues  until  the  vapour  has  attained  a  definite  elastic  force, 
which  is  dqtendent  on  the  temperature ;  henpe,  in  a  space  devoid  of  air  and  saturated  with 
vapour,  a  definite  pressure  corresponds  to  a  definite  temperature.  In  the  following  tables, 
somewhat  condensed  from  Laidner  s  "Natural  Philosophy, '  the  relation  between  the  tempera- 
ture, pressure,  volume,  and  mechanical  effect  of  aqueous  vapour  are  shown  at  various  tempera- 
tures : — 

Tablb  BHOwma  thb  Pressure,  Volume,  aitd  Densett  or  Aqueous  Vafoub  at  tabioub 
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When  tlie  preasarm  are  oonnderable  they  are  given  in  atmospherea^  the  pressure  of  one 
atmosphere  bong  equal  to  that  of  thirty  inches  of  mercury. 


Tabu  sHOwnro  ths  Temfkbaturs,  Yolttiib,  and  Denbitt  of  Aquiottb  Vafoub,  at 
y  Pbbssubis  YABTura  FSOM  Onb  to  Fifty  Atmosphebis. 
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9 
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xo 
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XI 
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\l 
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19 
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ao 
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ai 
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aa 
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0*009785 

aa 
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«4 
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«S 
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0*010968 

30 
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0*019903 

35 
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0*014663 

40 
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0*016644 

45 
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5406 
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50 

510*69 
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A  certain  amount  of  vapour  is  produced  from  water  at  veiy  low  temperatures  ;  thus,  at  the 
freezing  point,  the  tension  of  aqueous  vapour  is  sufficient  to  depress  the  barometric  column 
one-fifth  of  an  inch  ;  and  ice  at  a  temperature  of  — ^4"*  F.  (—20**  C.)  emits  aqueous  vapour  of 
sufficient  tension  to  depress  the  column  of  mercury  one-twentieth  of  an  inch. 

A  vapour,  if  it  be  produced  from  colourless  liquid,  is  colourless  and  transparent,  like  air ;  if, 
on  the  other  hand,  it  is  produced  from  a  coloured  liquid,  such  as  bromine,  it  possesses  the  same 
colour,  but  is  perfectly  transparent.  Vapours  are  elastic,  and  various  means  have  been  devised 
for  showing  their  elasticity.  When  a  volatile  liquid  is  passed  up  into  the  TorrioeUian  vapour, 
it  immediately  becomes  vapour,  and  the  column  of  mercury  is  depressed.  The  extent  of  the 
depression  measures  the  volatility  of  the  liquid.  When  a  certain  amount  of  liqiud  has  been 
introduced,  we  notice  that  it  is  no  longer  converted  into  vapour,  but  it  floats  on  the  surface  of 
the  mercury.  Evaporation  has  now  ceased,  because  the  vacuous  space  is  §<Uuirated  with  vapour, 
and  the  elastic  force  of  the  vapour  is  at  a  maTrimum. 

A  second  law  of  considerable  importance  as  regards  evaporation  was  discovered  by  Dalton. 
He  found  that  a  liquid  evaporates  to  the  same  extent  in  a  space  filled  with  air  as  in  a  vacuum, 
and  that  the  same  relationship  exists  between  the  temperature  and  the  elastic  force  of  the 
vapour,  whether  the  space  contains  air  or  not.  A  liquid  evaporates  far  more  slowly  in  a  space 
containing  ab  (or  gas  of  any  kind  which  does  not  act  upon  it)  than  in  a  vacuum,  but  the 
ultimate  result  is  tlM  same. 

See  also  Ladei^rottt  EaDperment, 

EVECTION.    A  lunar  inequality.    (See  Lunar  Theory.) 

EVENING  STAR.  The  name  given  to  the  planet  Venus  when  she  sets  after  the  sun. 
She  is  then  approachinginferior  conjunction  and  increasing  in  apparent  diameter. 

EXCHANGES,  L^V  OF.    The  law  that  the  relation  between  the  amount  of  heat  emitted 
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and  that  which  is  absorbed  at  any  given  temperature  remains  coMtantfor  ail  bodies  ;  and  that 
the  greater  the  amount  of  heat  emitted  the  greater  must  be  the  amount  of  heat  absorbed.  This 
was  partially  enunciated  by  Ftevost  and  by  Prevostaye  and  Dessains,  and  e3ctended  by  Dr. 
Balfour  Stewart  (**  Beport  on  the  Theory  of  Exchanges/'  by  B.  Stowart,  Brit.  Assoc.,  1861). 
Kirohhoff  has  proved  that  the  same  law  holds  good  for  light  as  well  as  for  heat  (Boscoe).  (See 
also  Speetmm  Analym;  Theory  of  Exchanges.) 

EXOSMOSE.    (e^,  out  of ;  taafiost  impulsion.)    The  passage  of  a  liquid  or  gas  through  a 
porous  diaphragm  outwards.     (See  also  Osmose.) 

EXPANSION,  {ex,  out ;  pando,  to  spread  or  open.)  Heat  has  been  elsewhere  defined  as 
a  very  rapid  reciprocal  motion  of  the  small  particles  or  molecules  of  matter.  (See  Heat.)  Now 
it  is  reasonable  to  infer  that  the  addition  to  a  number  of  molecules  possessing  a  certain  amount 
of  this  motion,  of  more  of  the  motion,  would,  by  producing  a  greater  commotion,  cause  the 
molecules  to  occupy  a  larger  space  ;  and  this  we  find  to  be  the  case.  Heat  expands  all  bodies, 
and  moreover  the  amount  of  heat  associated  with  a  body  determines  its  form ;  that  is,  whether 
it  be  existing  as  a  solid,  a  liquid,  or  a  gas.  The  molecules  of  matter  possess  an  attraction  for 
each  other,  called  ooAecMm^  and  in  antagonism  to  this  there  is  the  force  of  heat  which  may  be 
regarded  as  repulsive,  because  an  addition  of  motion  to  a  congeries  of  particles  must  tend  to 
separate  them,  that  is,  to  act  against  cohesion.  In  a  solid,  say  ice  for  example,  the  cohesion  of 
the  particles  is  sufficient  to  keep  them  comparatively  close  together,  for  although  they  are  by 
no  means  in  contact,  and  are  endued  with  the  vibratory  motion  called  heat,  the  cohesive  force 
is  the  stronger  of  the  two,  and  keeps  the  particles  within  the  range  of  its  attractive  influence. 
If  now  we  add  heat  to  the  ice,  it  assumes  the  liquid  form,  and  we  must  imagine  that  the 
force  of  cohesion  tending  to  keep  the  particles  together,  is  now  equal  to  the  force  of  heat  tend- 
ing to  separate  them  ;  the  actions  are  in  fact  balanced,  and  we  have  a  freeness  and  mobility  in 
the  particles  which  in  the  solid  form  they  did  not  possess.  If  the  water  is  again  heated  it 
assumes  the  gaseous  form,  it  becomes  steam  or  water-gas.  The  cohesion  of  its  piurticles  is  now 
entirely  overcome,  they  have  received  so  much  motion  that  they  have  been  carried  beyond  the 
zange  of  cohesion,  and  are  now  alone  actuated  by  the  motion  of  heat.  Thus,  in  a  solid  the 
molecules  are  nearest  to  each  other,  in  a  liquid  they  are  less  near,  and  in  a  gas  they  are  least 
near,  and  are  unrestrained  in  their  motion.  In  tiie  passage  from  solidity  to  gaseity,  there  is  a 
progressive  decrease  of  cohesive  force  arising  from  a  progressive  augmentation  of  the  space 
between  the  attracting  molecules,  and  a  progressive  increase  of  molecular  motion  arising  from 
the  direct  addition  of  heat ;  while  in  the  passage  from  gaseity  to  solidity  thero  is  a  progressive 
increase  of  cohesive  force,  arising  from  the  diminution  of  the  space  between  the  attracting  mole- 
cules, and  a  progressive  decrease  of  molecular  motion  arising  from  the  direct  transference  of 
heat.  Solids  continue  to  expand  untU  they  pass  into  the  liquid  form,  and  liquids  continue  to 
expand  until  they  pass  into  the  gaseous  form. 

I.  Expansion  of  Solids.  The  expansion  of  solids  may  be  shown  by  various  means ;  if  we  take 
a  bar  of  metal  which  when  cold  will  just  pass  between  two  rigid  metal  surfaces  by  which  its 
length  can  be  gauged,  it  is  found  after  heating  to  no  longer  pass  ;  or,  if  a  metallic  bail  is  passed 
when  cold  through  a  ring  of  metal  of  very  slightly  greater  circumference  than  its  own,  it  is 
found  after  heating  that  the  ball  now  rests  on  the  ring  without  passing  through  it.  This 
apparatus  which  is  known  as  8*Gravesande*s  Ball,  was  devised  about  250  years  ago,  and  is 
figured  in  S'Gravesande's  Physices  Elementa  Mathmatica.    This  illustrates  cubical  expansion. 

Linear  expansion  may  be  shown  by  fixing  a  bar  of  metal  at  one  end  and  causing  the  other  end 
to  press  agamst  a  lever  or  system  of  levers  by  means  of  which  any  lengthening  of  the  bar  may 
be  multiplied,  and  at  the  same  time  indicated  by  a  pointer ;  on  heating  the  bar  the  movement  of 
the  index  at  onoe  shows  that  it  has  lengthened.  Unciystallised  solids,  when  heated  uniformly, 
expand  uniformly  in  length,  breadth,  and  thickness,  and  we  can  speak  either  of  the  linear  ex- 
pansion, the  superficial  or  surface  expansion,  or  the  cubical  expansion  of  a  substance.  The 
confident  of  Unear  expaTmon  is  the  increase  in  length  of  a  substance,  for  one  degree  of  tempera- 
turo,  whose  length  at  some  given  temperature,  generally  0*^0.  (or  32**  F.),  ii  taken  as  unity. 
Thus,  if  the  length  of  a  brass  rod  at  the  freering  point  (32*"  F.)  be  taken  as  i  'oooooo,  its 
length  at  the  temperature  of  boiling  water  (212*  F.)  is  found  to  be  1*001867,  ^'^^  ^'^  linear 
oo^cient  of  expansion  of  brass  for  180**  F.  (212^  —  32°)  is  hence  0001867,  and  for 
i^  F.  s  0*001867  -r  180  «  0*00001038.  The  co^icient  of  superficial  expansion  is  in  like  manner 
the  increase  of  surface  for  one  degree  of  temperaturo  of  a  surface  taken  as  unity  at  32**  F  ;  and 
the  cotffidenit  qf  cubical  expansion  is  the  increase  of  volume  of  a  volume  taken  as  unity.  It  can 
well  be  imagined  that  different  bodies  expand  to  a  very  different  extent  for  equal  increments  of 
heat,  because  the  force  of  cohesion  must  necessarily  vary  with  the  nature  of  the  subrtanoe,  and 
the  form  and  arrangement  of  its  molecules.  The  following  table  shows  the  linsar  expansion  of 
certain  sabstanoes. 
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LlNIAB  EXPAHSIOV  OV  SOLIDB. 


KUM  of  flolMtalMt. 


Lei^^  of  A  bar  at  axa*  F. 
whoM  tengtli  at  33^  F.  is 


z  000000. 


Antimony, 
Bismuth,    . 


II 
II 


plate,  in  lod. 


Copper, 


OlaaSf 

It     white,  (barometer  tabe). 
It      English  flint,  . 
H     French,  containing  lead, 
n     tube,  without  lead, 
II     from  St  Gobain,    . 

Gold,  (Paris  ftandard,  annealedX 
II         II  If     unannealed. 

Iron,  .... 


ti 


II     aoft,  foiged, 
11     round,  wire-drawn, 
ft 

11    eaat» 
Lead, 


II 


Platinum, 


II 


SQyer.  (Paria  staiidaid), 
Speculum  metal,  .  , 
Steel,  untempered,    . 

II     tempered  yellow. 
Tin,  fkom  Malaeoa,  . 

II       ti     Falmoutta, 
Zhio,  .... 


X  '00x08300 
X '00139167 
z '00185540 
x*oot8928o 
z'ooi8667z 
1*00172344 
x '00x71 83X 
x '000861 30 
z '00083333 
z '00081x66 
z '00087x99 
z  '00087579 
x '00089089 
Z'ooi5i36z 
z'00155155 
z '00135833 
Z'oozi56oo 
I '00x33045 
z '00x33504 
z*ooix8303 
X '00x10040 
X '00384836 
z '00386700 
z '00085655 
1*00088430 
z '00190868 
z  00x93333 
X '00107875 
X '00x33956 
z  "00193765 
1*00317398 

X*0O39430O 


Name  of  Obwrver 


BmeatMi. 

II 
Boy  and  Bamaden. 

ti  If 

LaToiriat  and  Laplaieaw 

II  If 

Dulonf  and  Petit 

II  II 

Bmeaton. 
lAToisier  and  Laidaoa. 


II 

N 

N 
It 


II 

n 

m 

H 


n  n 

SmeatOB. 
Bofda. 
Lavoiaier  and  Laplaee. 

II  If 

Dulong  and  Petit 
"Bay  and  Bamaden. 
Lavoiaier  and  L^plaoa. 
Smeaton. 
Borda. 

Dulong  and  Petit 
Lavoi^er  and  La|i]a«e. 


Lavoiaier  and  Laplace. 


If 
If 
If 


II 

ft 
w 


Altiumgh  these  expuiaiooB  nppear  ezoeaaivdy  small,  the  infliienoe  of  heat  is  more  oonaidenble 
than  we  are  i^it  to  imagine  when  a  great  lengtii  of  substanoe  is  considered.  For  example,  the 
nilroad  between  London  and  Edinburgh  Is  400  miles  long ;  let  ns  inqtdre  the  diiFerenoe  in 
length  of  the  rails  in  smnmer  and  winter.  Now,  iron  expands  0*001235  of  its  length  for  iSo*  F., 
hence  l^e  expansion  for  i*  F.  is  equal  to  0*001235  -i-  180,  that  is  to  000000686.  The  extremes 
of  smnmer  and  winter  temperatures  may  fairly  be  taken  as  70"  F.  Hence  the  400  miles  of 
iron  rails  will  expand  0*00000686  x  70  «  0*00048020  of  its  length  for  the  total  variation  of 
temperature  ;  aad  as  there  are  704000  yards  in  400  miles,  we  find  at  once,  by  multiplying  this 
number  by  0*0004802,  that  in  summer  the  rails  nre  338  yanU  loiter  than  in  winter.  It  at 
once  becfnmes  obvious  that  if  the  rails  were  placed  in  contact  considerable  displacement  and 
distortion  would  arise. 

It  is  necessary  to  make  allowance  for  expansion  and  contraction  in  all  instances  in  which 
great  lengths  of  metal  are  employed,  as  in  buildings,  iron  bridges,  iron  rails,  gas  and  water 
pipes,  and  so  forth ;  if  space  is  not  allowed  for  the  expansion  produced  by  the  warm  tempera- 
ture of  summer,  the  metals  either  become  distorted,  or  loosen  the  masonry  with  which  they  are 
in  contact  A  space  is  always  left  between  each  rail  of  a  line  of  railway,  otherwise  the  metal 
being  restrained  at  both  ends,  bends  when  expanding,  either  laterally  or  upwards.  The  laws 
which  regulate  the  expansion  of  bodies  have  been  applied  to  various  purposes,  notably  to 
compensating  pendulums  (which  see).  For  an  account  of  the  force  exercised  by  substances 
during  expansion,  and  the  subsequent  contractile  force  see  IfUerior  Work;  MoUetdar  Potential 
Energy, 

The  superficial  expansion  of  a  substance  is  equal  to  twice  its  linear  eKpansion,  and  the  cubi- 
cal expansion  to  three  times  the  linear.  Thus  the  cubical  expansion  of  g^ass  between  32*  F. 
and  212**  F.  is  about  '00254,  of  tin,  '0069,  and  of  iron,  xx>354.  Professor  Matthiessen  has 
found  that  the  coefficient  of  expansion  of  an  alloy  is  the  mean  of  the  ooeiBcients  of  expansion  of 
the  volumes  of  the  metals  composing  it.  The  coefficient  of  expansion  increases  with  the 
temperature  ;  thus,  while  the  mean  coefficient  of  expansion  of  glass  for  i*  C,  between  o°C.  and 
100**  G.  is  '00002584,  between  o**  C.  and  300"  G.  it  is  -00003039 ;  and  in  the  case  of  izon,  it  is 
•00003546,  in  the  first  instance,  and  '00004405  in  the  second. 
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Certain  crystals,  unlike  other  soUcLb,  do  not  expand  equally  in  all  directionB.  Some  contract 
in  one  direction  while  they  expand  in  another,  bat  the  total  expansion  is  greater  than  the  total 
contraction ;  others  expand  unequally  in  all  directions.  Giamets  have  their  density  diminished 
1^  heating  and  recover  it  slowly.  Iodide  of  silver  is  said  to  contract  uniformly  under  the  action 
df  heat,  but  we  have  no  conclusive  eipeximents  to  show  whether  a  different  anangement  of  its 
molecules  is  at  the  same  time  induced. 

2.  Expantion  of  Liqiddi,  When  an  ordinary  mercurial  thermometer  is  removed  from  a  cold 
to  a  warmer  room,  the  mercury  expands,  and  we  have  an  indication  of  increased  temperature, 
but  the  expansion  obeerved  is  not  the  real  but  the  apparent  expansion  of  the  mercury.  The 
glass  thermometer  bulb  also  expands,  and  the  expansion  which  we  observe  is  therefore  the 
expansion  of  the  mercury  nUnua  the  expansion  of  ^e  glass  envelope  which  contains  it.  If  the 
glass  expanded  as  much  as  the  mercury  we  should  observe  no  rise  of  the  mercury  in  the  tube, 
because  one  expansion  would  neutralise  the  other,  and  the  liquid  thermometers  depend  upon 
the  fact  that  the  liquid  expands  much  more  than  tiie  vessel  which  contains  it.  We  must  there- 
fore very  carefully  distinguish  between  the  apparent  and  the  real  expansion  of  a  liquid  under 
the  influence  of  heat ;  the  former  is  the  apparent  increase  of  volume  undergone  by  a  liquid  con^ 
tained  in  a  vessel  which  expands  to  a  less  extent  than  the. liquid  for  the  same  amount  of  heat ; 
the  latter  is  the  absolute  change  of  volume  of  a  liquid  when  the  expansion  of  the  containing 
vessel  has  been  subtracted  or  otherwise  eliminated.  In  the  case  of  liquids,  it  is  obvious  that 
eubical  e^anaion  can  be  alone  considered,  and  we  must,  therefore,  bear  in  mind  the  difference 
between  the  confident  of  apparent  expamnon,  and  the  co^jfieieiU  ofabaUute  expantion  of  liquids. 
Liquids  expand  more  than  solids  for  an  equal  increment  of  heat,  and  we  should  expect  this 
from  the  remarks  made  at  the  commencement  of  this  article,  as  to  the  liquid  condition  of 
matter.  A  liquid  is  intermediate  between  a  solid  and  a  gas ;  it  is  a  solid  pliu  heat ;  a  solid  in 
which  nearly  the  whole  of  the  cohesive  force  is  overcome ;  the  molecules  are  vibrating  under 
the  influence  of  the  motion  of  heat  in  such  a  manner  that  they  approach  the  limit  of  their 
vibration,  and  the  cohesion  of  the  molecules  is  thus  almost  neutralised.  Hence  it  is  very 
reasonaUe  to  imagine  that  an  addition  of  heat  will  have  a  greater  influence  upon  such  molecules 
than  upon  those  which  are  more  under  the  influence  of  the  force  of  cohesion.  Between  the 
freezing  and  boiling  points  of  water,  that  is  for  i8o*  F.,  or  lOo**  0.,  alcohol  undeigoes  an  in- 
crease of  volume  of  (th ;  water  of  -^^d.,  and  mercury  of  -^th. 

The  determination  of  the  coefficient  of  absolute  expansion  of  mercury,  is  a  matter  of  extreme 
.  Importance  in  natural  philosophy.  '  Dulouff  and  Petit  made  a  series  of  very  elaborate  determina- 
tions, and  found  that  the  mean  coefficient  between  o"  and  ioo°  C.  is  TtW »  between  lOO**  C.  and 
2(X>°  G.  T^rr»  "^  between  200"  G.  and  300°  G.  Winr*  Kegnault  found  these  same  coeffidents 
to  be  respectively  T^rr>  WtT»  r^rw  Dulong  and  Petit  found  that  the  expansion  of  mercury 
between  — 36**  and  100°  G.  is  almost  absolutely  uniform.  The  coefficient  of  apparent  expansion 
of  mereniy  in  glass  was  found  to  be  v^r?r-  ^7  slightly  modifying  the  process  of  Dolong  and 
Petit)  Begnault  made  the  following  determinations  of  the  absolute  expansion  of  mercury.  The 
fint  column  of  the  following  table  indicates  the  temperature  from  o  to  350**  G.  at  which  tem- 
perature mercury  b<rils*  GHie  second  column  gives  the  total  expansion  of  mercury  between  o** 
and  each  number  of  degrees  mentioned,  thus  a  volume  a  i  'oooooo  at  o*  C.  will  equal  a  volume 
of  1-018153  at  loo"*  G. ;  at  200"  G.,  it  will  be  I  03681 1,  and  so  on.  The  third  column  gives  the 
mean  coefficient  of  expansion  for  1°  G.  between  o^  and  each  number  of  degrees  mentioned,  thus 
for  100°  G.  it  will  be  '018153  -?-  100  ="  -00018153 ;  for  200"  G.  '036811  -r-  200  =  'OOO184055, 
and  so  on.  The  fourth  column  gives  the  true  co^ftdent  of  expansion  for  i"  G. ,  and  in  the  case 
of  liquids  which  change  their  rate  of  expandon  as  the  temperature  increases,  it  is  necessary  to 
^^fa«Liwgniali  carsfully  ^ween  the  mean  iad  trite  coeffident  of  expandon.  Dr.  Balfour  Stewart 
has  given  the  following  definition  in  his  exodlent  TreaHee  on  Heat : — "  In  general  language, 
if  we  take  a  quantity  of  liquid  whose  volume  at  o**  G.  is  equal  to  unity,  then  the  true  coeffi- 
dent of  dilatation  of  this  liquid  at  any  point  ii  the  rate  of  increase  in  volume  of  the  liquid  at 
that  point,  as  the  temperature  goes  on  reffukarly  inereating.  On  the  other  hand,  the  mean 
coefficient  of  dilatation  for  i°  G.  of  the  liquid  between  o"*  and  any  point  is  the  mean  rate  of 
increase  in  volume  of  the  liquid  between  these  two  points,  that  is  to  say,  it  is  the  whole  expan- 
sion divided  by  the  number  of  degrees  induded  between  the  two  points.  *' 

The  figures  in  the  fourth  column  of  the  Table  show  us  that  the  true  coeffident  of  expandon 
of  mercury  increaaes  with  the  tcnciperature* 
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Tablb  ov  Absolqti  Expahbion  ot  Miboubt. 


Tttiipentora. 


o 
xo 

90 

40 

so 

60 

90 

100 
xzo 

X90 

130 
X40 
150 
160 

X90 

900 

2x0 
8ao 

ay> 

340 
950 
060 
370 
980 
990 
300 
310 
390 
330 

340 
350 


Yolnine  of  mercwy 
equal  to  uiitjr  at  o*  G. 


x'oooooo 

1*001799 
X '003590 
X  005393 

X*0O79OX 

1*0090x3 
x'oxo83Z 
1*0x3655 
1*0x4489 
X  '0x6315 
X '0x8x53 
X '0x9990 
X '091844 
X '093697 

» 095555 

X '0974x9 
X '099987 
X '03x160 

1033039 

X '034933 
X '03681 X 
X '038704 
X '040603 
x'043506 

10444x5 
1*046339 
x*048947 
x'05oi7Z 
1*053x00 
X  054034 
X  055973 
X  0579x7 
x'059866 
X '06x830 
X  063778 
X  065743 


.Mean  coefllolent  of 
eq;»aDsion  for  x'  G. 


'000179^5 

*ooox795x 

'000x7976 

*ooox8oo3 

'000x8037 

'000x8053 

*oooi8o78 

*ooox8xo9 

'000x8x38 

'000x8153 

'000x8x78 

'000x8303 

'000x8338 

'000x8354 

'000x8379 

'000x8304 

'000x8339 

'000x835s 

"000x8380 

'000x840s 

'000x8430 

'000x8456 

'000x8481 

'000x8506 

'000x8531 

'000x8557 

'000x8583 

'000x8607 

'000x8633 

'000x8658 

*ooox8683 

'000x8708 

'000x8733 

'000x8758 

'000x8784 


True  eoeffldent  of 
expandonforxSO. 


'000x7903 

^000x7950 

*ooox8oox 

'O00X805X 

'ooox8xos 

'000x8x53 

'000x8303 

'000x8353 

'000x8304 

'000x8354 

'000x8405 

'00018455 

'000x8505 

'000x8556 

*oooz86o6 

'000x8657 

*ooox8707 

'000x8758 

'000x8808 

'000x8859 

'000x8909 

'000x8959 

'000x90x0 

'000x9061 

'OOOX9XXI 

'000x9x61 

^000x93x3 

"00019363 

'000x93x3 

'000x9363 

'000x94x3 

'000x9464 

'000x95x5 

'000x9565 

'000x96x0 

'000x9666 


Water  presento  a  cnxioiis  exoeption  to  the  general  laws  of  ezpanaioii  by  heat  and  oontnustion 
by  cold,  for  after  cooling  to  39*2  F.  (4**  C),  and  raffering  diminution  of  volume,  it  oommenoea 
to  expand  on  further  cooling.  For  a  detailed  aooomit  of  this  phenomenon  and  its  results  see 
Maaamum  Denniy  of  Water.  The  metal  bismuth  also  expands  on  cooling.  According  to 
Erman  an  alloy  of  2  parts  bismuth  with  i  part  of  lead  and  i  part  of  tin,  expands  when  heated 
from  o**  to  44°  0.  and  then  contracts,  so  that  its  density  at  56*  C.  is  the  same  as  at  o**,  while  at 
its  fusing  point  (94*  G.)  it  possesses  the  same  density  as  at  44**. 

3.  Es^Hinsion  of  Ocuet,  In  gases  we  have  a  physical  condition  entirely  different  from  that 
wluch  solids  and  liquids  possess,  for  while  the  molecules  of  the  two  latter  exercise  a  greater  or 
less  amount  of  cohesive  force,  the  molecules  of  gases  are  entirely  devoid  of  this  force ;  they  are 
absolutely  unrestrained,  and  are  separated  from  each  other  to  such  an  extent  that  they  are 
beyond  the  range  of  the  force  of  cohesion  of  contiguous  molecules.  We  shoald  hence  imagine 
that  heat  would  act  more  equably  upon  gaseous  bodies  than  upon  solids  and  liquids,  and  f  uitiier 
that  for  a  given  amount  of  heat  the  coefficient  of  expansion  of  gases  would  be  greater  than  that 
of  liquids  and  solids.  This  is  indeed  the  case ;  gases  not  only  expand  far  more  for  an  equal 
increment  of  heat  than  liquids  and  solids,  but  the  expansion  is  nearly  uniform  for  all  gases.  By 
the  employment  of  an  air  theimometer  of  known  capacity,  and  noting  the  changes  of  volume 
undeigone  by  the  air  within  it,  under  varied  conditions  of  temperature,  Gruy-Lussac  arrived  at 
the  conclusion  that  the  coefficient  of  expansion  of  all  gases  was  0*00375  between  0°  and  loo*"  C. 
for  i"*  C,  and  that  the  coefficient  is  independent  of  the  pressure  to  which  the  gas  is  submitted. 
Begnault  has,  however,  found  that  there  is  a  slight  difference  between  the  coefficients  of  expan- 
sion of  permanent  gases,  and  a  very  perceptible  difference  in  the  case  of  gases  which  are  more 
or  less  readily  condensable  ;  he  has  further  ascertained  the  fact  that  the  coefficient  |of  expansion 
increases  with  the  pressure  to  which  the  gas  is  submitted.  The  following  are  some  of  his 
tesultB: — 
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O0BFFIGISNT8  OF  Expansion  fob  i°  C.  of  Yabious  Gases. 


Name  of 
Om. 

Air,     . 
Nitrogen,     . 
Hydrogen,  . 
Carbonic  Oxide, 
Carbonic  Add, 
Protoxide  of  Nitrogen, 
Cyanogen,   . 
Sulphurous  Acid, 


Under  a  Constont 
Volome. 

•003665 
•003668 
1003667 
•003667 
•003688 
•003676 
•003829 
•003843 


Undor  a  Oonitant 
FreMoxe. 

•003670 
•  •  •  • 
1003661 
•003669 
•003710 
tx>3720 
•003877 
•003903 


^^^  1006000 


Hence  a  gas  expands  ^~  of  its  voltune  for  i^  C.    The  fraction  ^^^  is 

Bometimes  used,  but  more  generally  7^,  and  in  the  case  of  Fahrenheit  degrees  a  gas  expands 
T^th  of  its  volume  for  1°  f*.  In  other  words,  if  we  have  a  yolume  of  gas  at  o"*  C,  and  heat  it 
to  273"  C,  it  will  double  its  volume,  and  if  it  be  at  32°  F. ,  and  we  heat  it  to  490  +  32**  F.  =  522"  F., 
it  will  also  double  its  volume,  and  if  it  be  raised  to  (490  x  2)  +  32**  F.  =  1012''  F.,  it  will  treble 
its  volume,  and  so  on.  The  following  table  shows  the  change  of  volume  which  a  gas  undergoes 
-when  submitted  to  various  changes  of  temperature  under  a  constant  pressure.  The  volume  at 
32°  F.  being  =  looo'o  : — 


Temp. 

VoL 

Temp. 

Vol 

Temp. 

Vol 

Temp. 

Vol 

—  5o?F. 

83a"7 

M'^V. 

xoo4'x 

xxo?  F. 

xx59'a 

aio«  F, 

X3«3'3 

—  45 

843-8 

35 

xoo6*x 

xxs 

xx69-^ 

rxg'i 

ais 

X373-S 
X3837 

—  40 

5|3** 

3« 

xoo8'a 

xao 

aao 

—  35 

8633 

1? 

xoxo'a 

xas 

a3o 

X404X 

—  30 

IP'^ 

xota'9 

X30 

laoo'o 

840 

X434-5 

—  as 

883-7 

39 

xoi^-3 

xoxo'a 

"35 

xaio'a 

aso 

X444*9 

—  ao 

893*9 

40 

X40 

xa9o'4 

a6o 

X4653 

—  15 

904'i 

45 

xo96'5 

US 

xa30'6 

X 

X485-7 

— 10 

9»4'3 

50 

X036-7 

X50 

xa4o'8 

xso6-x 

—  5 

9a4*5 

55 

xo46'9 

X55 

xa5x'o 

«9o 

X526-5 

0 

9347 

60 

X057X 

x6o 

xa6i'8 

300 

X546'9 

5 

944*9 

65 

1067-3 
xo77'0 

x6s 

xa8x'6 

400 

X75XO 

xo 

955  x 

70 

170 

500 

X955*x 

»5 

965*3 

P 

X087-8 

*2S 

xapx'S 

600 

ai59'a 

90 

975*5 
985-7 

80 

X098-0 

x8o 

x3oa*o 

n 

3363-3 

85 

85 

xxo8'a 

X85 

X3ia'a 

9567'3 

y> 

995*9 

90 

X 1x8*4 

X90 

X3aa-A 
X33a'6 

900 

877x4 

ax 

9980 

95 

xia8-6 

195 

xooo 

a975*S 

3a 

xooo'o 

xoo 

XI38-8 

aoo 

X34»*9 

xxoo 

3179-6 
3383*7 

33 

xooa'o 

X05 

M49-0 

905 

X353-X 

xaoo 

EXPANSIVE  EORCE  OF  ICE.    See  Mcudmum  DentUy  of  Water. 

EXTERNAL  WORK  OF  EXPANDING  MATTER.    See  IwUnuA  Work  of  a  Man  of 
Matter. 

EXTRA  CURRENT.     See  Current,  Extra. 

EXTRAORDINARY  RAY  OF  LIGHT.     See  Ordinary  and  Extraordinary  Bay  of  Light. 

EXTERIOR  PLANET.    A  planet  whose  orbit  round  the  sun  lies  outside  that  of  the  earth. 

EYE.  (A.-S.,  eage;  Goth.,  augo;  Ger.,  auge;  Slav.,  cko;  Gr.,  okos;  L.,  oeulu§;  Fr.,  oeU; 
Sans.,  ak$ki.)  The  human  eye  may  be  likened  to  a  camera  obscura.  The  body  of  it  is  a  nearly 
perfect  sphere  about  nine-tenths  of  an  inch  in  diameter,  there  being  at  the  front  part  a  slight 
projection  of  a  tough  transparent  membrane,  called  the  cornea.  The  globe  of  the  eye  consists 
of  tiie  following  membranes — the  tderotie  coat,  the  cov^unetivaf  the  choroid  coat,  the  ciliary  body, 
the  cornea,  Jacob*$  membrane,  the  hyaloid  memhrane,  and  the  reUna.  At  the  back  of  the  ball 
about  a  tenth  of  an  inch  on  the  inner  side  of  the  axis,  the  optic  nerve  enters.  The  sclerotic  coat 
is  the  outer  covering  of  all,  constituting  the  white  of  the  eye  ;  to  it  axe  attached  the  muscles, 
which  move  the  eye-ball  in  different  diractions ;  it  extends  in  front  to  the  cornea,  which  fits  into 
it  as  a  watch  glass  fits  into  its  frame.  The  choroid  coat  forms  the  inner  lining  of  the  iclerotie, 
and  is  covered  with  an  opaque  black  pigment  {Pigmentum  Nigrum.)  On  this  lies  the  innermost 
coating  of  all,  the  retina,  which  is  a  delicate  reticulated  surface  formed  of  an  expansion  of  the 
optic  nerve.  The  conjunctiva  is  a  mucous  membrane  covering  the  cornea,  the  front  part  of  the 
iderciic,  and  turning  back  over  the  inner  surface  of  the  evelids.     The  ciliary  body  or  process 
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itupendfl  the  cryttaUine  lent  in  fts  place,  fonniiig  a  bond  of  imion  between  the  choroid,  wcUroUe^ 
and  iris.  Jacob' t  membrane  ■eparafces  the  choroid  ooat  and  the  retina.  That  whidi  may  be 
tenned  the  optical  part  of  the  eye  lies  In  front  of  it,  and  inunediately  behind  the  cornea;  this 
f onns  the  first  refracting  surface  through  which  the  rays  of  light  pass ;  behind  this,  if  we  look 
into  the  eye  from  the  front,  we  see  a  flat  circular  membrane  of  irregular  stmctnre  called  the 
trie.  This  is  nsoally  gray,  blue,  black,  or  brown,  and  has  a  circular  hole  in  the  centre  called 
the  pvpUy  which  is  intensely  black.  The  iris  expands  or  contracts  round  this  central  apertura, 
BO  as  to  regulate  the  quantity  of  light  which  enters  the  eye.  Behind  the  iris  is  situated  the 
cryitaJUne  lens,  which  refracts  the  Sght  to  a  focus  on  the  retina.  The  q>ace  between  the  cornea 
and  the  iris  is  filled  with  the  aqueous  humour,  the  crystalline  lens  contains  the  crystalline  humiowr, 
and  the  portion  between  the  leM  and  redna  contains  the  vitreotts  hwnmar,  which  fills  up  the 
greater  portion  of  the  eyeball;  it  is  contained  in  convoluted  folds  of  the  hyaloid  membrane.  The 
cornea  and  crystalline  lens  act  as  an  ordinary  convex  lens,  and  form  on  the  retina  an  inverted 
image  of  any  object  which  may  be  in  front.  The  spherical  aberration  is  corrected  by  having  the 
refractive  power  of  the  crystalline  lens  greatest  near  the  centre,  and  dimjnlshing  towards  the 
circumference.  There  is,  however,  no  complete  correction  for  colour,  but  the  want  of  achroma- 
tism does  not  introduce  sufficient  indistinctness  to  be  noticeable ;  probably  a  partial  correction 
Is  effected  by  the  different  dispersive  powers  of  the  different  media.  The  whole  of  the  retina 
appears  to  be  sensitive  to  light ;  but  of  the  way  in  which  sensation  of  distinct  viaion  is  prodnoed, 
nothing  is  known,  our  knowledge  ending  with  the  picture  thrown  upon  the  retina.  That  portion 
of  the  retina  where  the  optic  nerve  enters  is  insensitive  to  light ;  this  spot  of  no  vision  may  be 
discovered  in  the  following  manner  : — Place  two  dark  wafers  about  four  inches  apart  on  a  sheet 
of  white  paper.  Look  vertically  down  upon  the  right  one  with  the  left  eye  (or  vice  versa)  held 
exactly  over  it  about  fifteen  inches  above  the  paper ;  the  left  wafer  will  be  visible  when  the  eye 
is  directed  to  any  portion  of  the  paper  near  the  right  wafer,  but  will  disappear  if  the  right  wafer 
be  steadily  looked  at.  Adjustment  for  distinct  vision  is  effected  by  alteration  of  the  curvature 
of  the  anterior  portion  of  tibe  crystalline  lens  by  the  contraction  of  the  ciliary  process ;  in  perfect 
sight  the  image  formed  by  the  lens  comes  to  an  exact  focus  on  the  retina,  the  adjustment  just 
named  being  sufficient  for  all  variations  of  distance  of  the  object  from  a  few  inches  up  to  infinity. 
Imperfections  in  this  respect  give  rise  to  long-sightedness  or  short-sightednesSj  which  see. 

EYE,  ACCOMMODATION  OF,  TO  DIFFERENT  DISTANCES.  This  is  effected  by 
an  alteration  of  the  shape  of  the  crystalline  lens  by  the  ciliary  process.     (See  Eye.) 

EYE,  DURATION  OF  IMPRESSION  OF  LIGHT  ON  THE  RETINA.  See  Per^ 
sistence  of  Visual  Impressions.    

EYE,  REFRACTIVE  POWERS  OF  PARTS  OP.  Sir  David  Brewster  gives  the 
following  as  the  refractive  powers  of  the  different  humours  of  the  eye,  the  xay  of  %ht  being 
incident  upon  them  from  air.  Aqueous  humour,  1*336.  Crystalline  lens;  surface,  1*3767; 
dbntre,  1*3990  ;  mean,  1*3839 ;  vitreous  humour,  1*3394.    (See  also  Eye,) 

EYE-PIECE.  An  eye-pieoe  is  in  principle  a  simple  magnifier  adapted  to  microscopes,  tele- 
scopes,  and  similar  instruments,  which  is  applied  close  to  the  eye,  and  enables  the  observer  to 
obtain  a  distinct  view  of  the  image  formed  in  the  focus  of  the  object  glass.  The  image  is 
magnified  a  few  diameters  at  the  same  time.  There  are  various  forms  of  eye-pieces.  (See 
Terrestrial  or  Erecting  Eye-Piece,  MicromeUr  Eye-Piece,  Negative  or  Huyghens* s  Eye-Piece,  Positive 
or  Ramsden^s  Eye-Piece,  Paneratic  Eye-Piece^  Kdlner's  Eye-Piece^  Transit  Bye-Piece.  See  also 
TeUscope  and  Microicope. ) 


FACULiB.     {Factda,  a  small  toreh.)    See  Sun, 

FAHL  ORE.    See  Copper. 

FAHRENHEIT  SCALE.     See  Thermometer. 

FALLING  BODIES.  The  faU  of  bodies  to  the  earth  in  various  circumstances  offers 
remarkable  illustrations  of  motion  caused  by  a  force  producing  a  uniform  acceleration.  When 
bodies  of  different  material  fall  through  the  air,  they  do  not  usually  pass  through  the  same 
spaces  in  the  same  time.  A  ball  of  lead  and  a  scrap  of  paper  fall  with  very  different  velocities. 
The  difference  arises  from  the  resistance  of  the  air,  which  varies  with  the  form  and  dimensions 
of  the  body,  and  with  the  velocity.  If,  however,  the  bodies  are  made  to  fall  in  a  tube  from 
which  the  air  has  been  exhausted,  then  the  time  of  descent  and  the  velocity  acquired  will  be 
the  same.  The  motion  of  all  bodies  in  vacuo  is  uniformly  accelerated.  The  force  producing 
the  motion  is  usually  called  "gravity,"  and  the  acceleration  is  indicated  by  g.  This  accelera- 
tion is  not  absolutely  the  same  at  all  points  on  the  earth's  surface ;  it  increases  with  the  latitude 
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of  the  place,  snd  decreues  with  the  height  shave  the  sea- 
feet  is  adiled  in  every  secoDd  of  time,  or  g.  =  32*2  ft.  or  3 
The  chief  laws  of  falling  hodies  are  aa  follows  ;— Whei 
paned  through  in  the  first  aecoud  Is  ig.  or  16  ft  nearly. 
aa  the  odd  numbeis,  I,  3,  5,  7,  &c.  ;  the  apaces  from  the 
the  consecutive  numbers,  1,  4,  9,  16^  ftc.  Hence,  to  find  t 
•econd,  we  multiply  1 6  ft.  by  the  correBponding  odd  nui 
multiply  16  ft.  by  the 
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In  IiondoD  ■  velocity  of  nearly  32  2 
feet  nearly. 

the  body  starta  from  reat,  the  space 
The  spaces  in  luccessiTe  seconds  are 
xinimenceinent  are  as  the  squares  of 
e  space  passed  through  in  a,  particular 
iber  ;  and,  to  find  the  space  from  the 
number  of  aeconda.  The  velocity  at 
«ny  point  is  found  by  multiplying  g.  by  the  number  of  seconds  from  rest.  When  a  body  Is  pro- 
jected vertically  upwards  with  a  certain  velocity,  it  rises  for  a  number  of  seconds  found  by 
dividing  this  vdodty  by  ^.,  and  to  a  height  found  by  dividing  the  square  of  the  velocity  by  ig., 
it  falls  to  the  ground  in  the  same  time  as  it  took  to  ascend,  and  strikes  the  ground  ivlui  Qie 
Telocity  at  starting. 
FALLING  STABS.     See  Mtteart. 

FATA  MORGANA.    A  phenomenon  of  unusual  refraction  seen  in  the  Straits  of  Mesdna. 
Under  certain  conditions  of  li^ht  a  spectator  sees,  upon  the  Sea  of  Beggio,  a  series  0  ~ 
arches,  castles,  lofty  towere,  palaces  with  baloonies  and  windows,  villages,  and  b 
with  berds  and  flocks,  armies  on  foot  and  on  horseback,  all  passing  rapidly  in 
the  surf  ace.    {SeeSfimge;  Hefraction,  Unimiai.) 

FATTY  ACIDS,  SERIES  OF.     The  homologous  seriea  of  fatty  odds  are  formed  from  the 

homologous  series  of  a'     '    '    '  ....  

nieinb««  of  this  series 
Formic  add,    . 
Acetic  add,      . 
Propionic  add. 
Butyric  add,    , 


Valeri 


^» 


BnUo,     . 

Myristic, 
Palmitic, 
Stearic,  . 
Arachidic, 

Cerotio, 


Csproic  acid,    . 

(Enanthylic  add, 

Caprolic  add,  . 

Pdai^nio  add, 

The  adds  of  this  group  exhibit  well-defined  properties ;  as  tbeir  compleii^  of  oompcaition 
increaseB  their  boiling  point  rises,  and  their  add  properties  decrease,  Thej  are  all  volatile, 
and  exhibit  a  regular  increase  of  boiling  point.  Another  homologous  series  of  fatty  acids  is 
that  of  the  Oleic  series,  of  which  the  following  are  the  prindpal  members  :- 

Aoiylic  acid,  .        ,        ,        C,  Hj  0,  Hypogsic  add. 


Crotonic  acid, 
Angelio  odd,  . 
f^'Mterebic  add, 
Moriogio  add. 


C,  H,  0, 
Cj  Hj  O, 
C,  H,„0, 
CiiH^O, 


Oleic  add, 

D<eglic  Bcii  . 

Erndc  add, 


id,  . 


C,,H„0. 
Ci!H«,0, 
C,,H„0- 
C„UyO, 


There  are  other  series  of  fatty  odds  which 
FATTY  GROUPS,  HOMOLOGOUS. 


however,  not  well  defined. 
According  to  Dr.  Odling : — 
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! 

So 

CH,0 

as 

Hethene. 
Uetfaf  llci  BleoboL 

yomloUdBbTim 
Fomileacid. 
Carbonic  uld. 

1 
1 

lis. 

Blhane. 

AlcoboL 

OlreoUetdd. 
OljOTjUcacW. 
OiaUeadd. 

§& 

Elfarlsnn 
EUrlkalooboL 
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Primary  Terms. 

Secondary  Terma. 

j 

CaHsO 

GsHcOa 
CbH«04 

CBH4O5 

Propene. 
Propylic  alcohoL 
Propyllc  glyooL 
Glycerin. 

Propionic  aldehyd. 
Propionic  add. 
Lactic  acid. 
Glyceric  add. 

Malonic  add. 
Tartronic  add. 

CsHfjO 
C3H4O 

C3H4O8 

QsHjOb 

Propylene. 
AllyUc  alcohoL 

Acrolio  aldebyd. 
Acrolic  add. 
Pymyicadd. 

Mesozalie  add. 

i 

a 

4 

C4H10O 
C4H10O, 

CiHgO 

C4H80, 
C4H6O5 

C4H«0, 

Bntene. 

Batylic  alcoboL 
Butyllc  glycol 

Batyric  aldehyd. 
Butyric  add. 
Butllactic  add. 

Sucdnieadd. 
Malio  acid. 
Tartaric  add. 

C4H8 

C4HflO, 

C4H404 

C4H405 

Batylene. 

Crotonieadd. 

Famailc  add. 
Metatartric  add. 

• 

1 

CftHuO, 
Q»H«04 

Bnplone. 
▲mylic  aloohoL 
Amylic  glycol. 

Valerie  aldehyd. 
Valeric  add. 
Phodo  add. 

Pyrotartrlc  add. 

CsHgO 
CjHsO, 

C8H804 

ijnylsna. 

Angdic  aldebyd. 
Angelic  add. 

Itaconlcadd. 

1 

C6H14P 
C6H10O4 

•  ■ 

Oaprene. 
Hezylio  akohol. 

Gaprolo  add. 
Leudo  add. 

Adiploadd. 
Mndoadd. 

CnH«07 

Caproylene. 
Pyrotreblo  add. 

Gitrleadd. 

FAYE'S  COMET.  A  comet  of  short  period,  discovered  by  M.  Faye  on  November  22, 
1S43.  Leverrier  has  shown  that  it  came  into  our  system  as  far  back  as  the  year  1747,  when 
the  attraction  of  Jupiter  caused  it  to  follow  its  present  track.    (See  Comet.) 

FERRIC  OXIDE.    See  Iran, 

FERROCTANIDE  OF  POTASSIITM.  A  compound  of  potassium  with  the  hypothetical 
radical  ferrocyanogen.  (See  Cyanogen,  Cyanide  of  Potassium,)  It  crystallises  in  large  trun- 
cated pyramids  belonging  to  the  dimetric  system,  which  are  of  a  beautiful  amber  yellow  colour. 
Formula,  K4FesCy.  +  3H20.  It  is  readily  soluble  in  water.  When  fused  at  a  red  heat  it  de- 
composes into  cyamde  of  potassium  and  carbide  of  iron.  Its  solution,  added  to  ferric  salts,  f onns 
ferrocyanide  of  iron  or  Prussian  blue.     (See  Prussian  Blue.) 

FERROUS  OXIDE.    See  Iron  Oudd^, 

FIBRES,  COLOURS  OF  MINUTE.  When  a  luminous  body  is  viewed  through  a  quan- 
tity  of  minute  fibres,  such  as  those  of  silk,  it  is  seen  to  be  surrounded  by  a  ring  of  colours, 
which  are  due  to  the  interference  of  the  waves  of  light  (See  Colours  of  Grooved  Surfaces  ; 
Colours  of  ITiin  Plates ;  Interference  of  Light.) 

FIBRES,  DISCRIMINATION  OF  MIXED.  At  the  Liverpool  meeting  of  the  Britiah 
Association,  held  in  September  1870,  Mr.  Spiller  announced  the  di8ix>veTy  that  silk  alone  of  all 
fabrics  usually  employed  in  the  manufacture  of  textile  fabrics  is  completely  soluble  in  strong* 
hydrochloric  acid.    By  immersing  fabrics  made  of  mixed  silk  and  other  fabrics  in  concentrated 
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hydrochloric  add,  the  silk  is  entirely  dissolved,  whilst  the  cotton,  wool,  flax,  or  jute  are  left 
intact  after  the  acid  is  washed  away.  To  detect  the  presence  of  wool  in  the  residuary  fibres 
picric  acid  may  be  employed,  which  dyes  the  wool  yellow,  but  has  no  tinctorial  action  on 
cotton  or  flax.  The  hydrochloric  solution  of  silk  has  been  successfully  employed  by  Mr.  Spiller 
in  photography. 

FIELD,  MAGNETIC,  OR  FIELD  OF  MAGNETIC  FORCE.  A  term  introduced  by 
Faraday  to  denote  any  space  through  which  a  magnet  diffuses  its  influence.  The  properties  of 
the  magnetic  field  have  been  mathematically  investigated  by  Professor  J.  Clerk  Maxwell 
(Cambridge  Philosophical  Transactions,  1857,  ''On  Faraday's  Lines  of  Force.")  The  concep- 
tion of  a  field  of  magnetic  force  is  of  great  advantage,  and  is  most  appropriate,  since  it  is 
possible  to  have  a  space  possessing  magnetic  properties  without  the  presence  of  a  magnet. 
Thus,  a  space  possessing  these  properties  is  produced  in  the  vicinity  of  a  conductor  transmitting 
an  electric  current.     (See  Electro-Dynamics!) 

In  order  to  express  the  properties  of  a  magnetic  field,  it  is  necessary  to  specify  the  direction 
and  intensity  of  the  force  at  every  point  in  it.  Faraday  has  shown  how  these  properties  can  be 
experimentally  investigated.    (See  Experimental  Reaearckes,) 

If  a  very  short  magnetic  needle  were  delicately  suspended,  so  as  to  be  capable  of  turning  in 
any  direction  about  its  centre  of  gravity,  and  if  it  were  carried  from  point  to  point  of  the  magnetic 
field,  it  would  indicate  by  its  direction  the  direction  of  the  force  at  each  point.  If  such  a 
needle  were  carried  from  a  certain  point  always  in  the  direction  in  which  it  points,  it  would  trace 
out  a  certain  line,  which  Faraday  calls  a  line  of  fo^*ee  tkrough  thai  point.  Faraday  therefore 
conceived  a  magnetic  field  to  be  traversed  by  these  lines  of  force  which  indicate  the  direction  of 
magnetic  attraction  at  each  point,  and  Maxwell  has  shown  that,  by  drawing  the  line  of  force 
by  rule,  "  we  may  indicate  the  intensity  of  the  force  at  any  point  as  well  as  its  direction.  If  in 
any  part  of  Jbheir  course  the  number  of  lines  passing  through  unit  of  area  is  proportional  to  the 
intensity,  then  the  same  proportion  between  the  numb^  of  lines  in  unit  of  area  and  the  inten- 
sity will  hold  good  in  every  part  of  the  course  of  the  lines.  All  that  we  have  to  do,  therefore, 
is  to  space  out  the  line  in  any  part  of  their  course  so  that  the  number  of  lines  which  start  from 
imit  of  area  ia  equal  to  the  number  representing  the  intensity  of  the  field  there.  The  intensity 
at  any  other  part  of  the  field  will  then  be  measured  by  the  number  of  lines  which  pass  through 
the  units  of  area  there ;  each  line  indicates  a  constant  and  equal  force." 

A  "  uniform  field  of  force  '*  is  one  in  which  the  lines  of  force  are  straight,  parallel,  and  equi- 
distant. Any  place  on  the  earth's  surface  unaffected  by  the  presence  of  magnetic  matter  in 
the  neighbourhood  will  be  a  uniform  field  of  force,  and  the  direction  of  the  force  will  be  that  of 
the  dipping  needle  at  the  place.  Faraday  shows  {Eaqt.  Researches,  ser.  xxii.,  §  2465,)  how  to 
obtain  from  artificial  magnets,  with  properly  shaped  poles,  an  artificial  field  of  uniform  force. 

The  term  "  unit  field  is  also  used  by  mathematicians.  A  unit  field  or  a  field  of  unit  inten- 
sity ;  is  produced  at  unit  distance  from  a  pole  of  unit  strength ;  or  it  may  be  described  as  a  field 
in  which  a  unit  pole  will  experience  unit  force. 

FILMS,  COLOURS.     See  Thin  Plates,  Colours  of. 
FIRE  DAMP.    See  Marsh  Oas. 
FIGURE  OF  THE  EARTH.     See  Earth. 
FIRE-BALLS.     See  Meteors,  Luminous. 

FIRE-ENGINE.  The  principle  of  this  may  be  regarded  as  combined  of  the  principles  of 
the  suction  and  forcing  pumps.  (See  Suction  and  Forcing  Pum/p.)  For,  on  the  one  hand,  the 
effective  cylinder  is  usutllly  some  distance  above  the  source  of  the  water ;  on  the  other,  the  water 
has  to  be  forced  a  considerable  distance  above  the  working  cylinder.  When  the  water  has  to 
be  raised  before  being  projected,  a  hose  is  employed  which  is  capable  of  resisting  considerable 
atmospheric  pressure.  This  is  fastened  to  a  tube  in  communication  with  the  bottom  of  a 
cylinder  the  junction  being  closed  by  a  valve  opening  into  the  cylinder.  Another  opening  at 
the  bottom  of  the  cylinder  is  closed  by  a  valve  which  opens  into  a  tube  leading  into  the  bottom 
of  an  **  air  chamber,"  that  is,  a  strong  chest  partly  fall  of  air  and  completely  closed  with  the 
exception  of  the  end  of  a  tube  which  reaches  below  the  surface  of  the  liquid,  and  to  which  the 
delivery  hose  with  its  nozzle  is  attached.  On  raising  the  solid  piston,  the  atmospheric  pressure 
forces  the  air  to  ascend  into  the  cylinder  throu^  the  valve  which  opens  into  it  (unless  the 
length  of  the  cylinder  above  the  level  of  the  water  exceeds  32  feet) ;  on  forcing  the  piston  down 
this  valve  closes,  and  the  water  beneath  the  piston  is  urged  through  the  second  valve  (opening 
outwards)  towards  the  air  chamber.  It  enters  this,  and  the  corresponding  amount  of  liquid  is 
not  forced  out,  because  the  air  in  the  air  chest  above  the  surface  of  the  water  is,  in  the  first 

*  Properly  defined,  a  line  of  force  Is  "a  line  drawn  from  anv  origin  lo  that  at  every  point  of  its  length  its 
tangent  is  the  direction  of  the  attraction  at  that  point."  Thomson  and  Talt^  statural  Thllosophy,  vol  L, 
which  also  see  for  mathematical  results. 
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instance  compressed.  The  air  acts  therefore  as  a  compressed  spring,  and  gradually  delivers  the 
water  through  the  delivery  hose  in  a  continuous  stream.  In  fact,  the  air  acts  as  a  fly-wheel  to 
accumulate  force.  By  this  means  the  sudden  straining  due  to  the  propulsion  of  a  long  oolnmn 
of  liquid  is  avoided,  and  the  fireman  is  enabled  to  talce  surer  aim.  It  is  nearly  the  universal 
practice  to  employ  two  conjugate  cylinders,  the  water  from  which  is  forced  into  the  same  air- 
chamber,  and  which  are  arranged  in  such  a  manner  that  while  the  one  is  being  forced  down 
the  other  is  being  raised.    This  arrangement  completes  the  continuity  of  the  discharge. 

FIRE  FLIES,  EXAMINATION  OF  THE  LIGHT  FROM.  The  cucuyos  or  fiie  flies 
{dater  noctUuciu)  are  coleopterous  insects  very  common  in  Mexico,  where  the  ladies  use  them 
as  ornaments  for  head-dresses,  &c.  Some  were  exhibited  at  the  French  Academy  of  Sciences  in 
September  1 865,  when  M.  Pasteur  read  a  paper  on  the  properties  of  their  phosphoresoent  light. 
The  light  emitted  by  these  insects  is  so  intense  that  one  of  them  is  sufficient  to  enable  a  person 
to  read  in  the  dark  at  a  short  distance  from  it.  Examined  in  the  spectroscope  the  light  gives  a 
continuous  spectrum,  very  beautiful  but  without  lines.  M.  Pasteur  has  made  the  same  obser- 
vation with  the  light  of  glow-worms.     (See  Spectrum;  Spectrum  ArudytU;  Spectroscope.) 

FIRMAMENT.  (Firmamentum,  a  support.)  In  the  astronomy  of  the  ancients,  the  sphere 
of  the  fixed  stars. 

FIXED  LINES  OF  THE  SPECTRUM.     See  Fravnhoft^i  Linet. 

FIXED  OILS.     See  OU. 

FIXED  STARS.    See  Stars. 

FLAME,  LUMINOSITY  OF.  (Flamma,  for  Jlagmaf  from  JUxgro,  to  bum  ;  4>\€y ;  Sans. 
hhrag^  to  shine.)  Within  the  last  few  years  it  has  been  the  general  opinion  that  the  luminosity 
of  flame  is  due  to  the  presence  in  it  of  solid  particles  (in  most  cases  carbon)  raised  to  incan- 
descence by  the  intense  heat  of  combustion.  Many  experiments  support  this  view:  thus  it  is 
known  that  the  hydro-carbons  which  exist  in  coal  gas  are  decomposed  at  a  high  temperature 
with  separation  of  carbon,  and  if  finely  divided  carbon  is  shaken  or  blown  into  a  non-luminous 
hydrogen  flame  it  is  rendered  incandescent,  and  the  flame  emits  light  of  the  same  character  as 
that  from  an  ordinary  gas  flame.  Again,  if  hydrogen  gas  is  passed  through  chloro-chromic  acid 
and  then  ignited,  a  flame  is  produced,  the  luminosity  of  whidi  is  evidently  due  to  the  presence 
of  incandescent  particles  of  sesquioxide  of  chromium.  In  an  ordinary  gas  flame  the  presence 
of  free  carbon  particles  is  shown  by  depressing  into  it  a  cold  substance,  which  will  immediately 
be  covered  with  soot  or  by  burning  it  with  an  insufficient  supply  of  air,  when  the  carbon 
becomes  evident  in  the  form  of  smoke.  Another  argument  which  has  been  brought  forward  to 
prove  that  the  luminosity  is  due  to  incandescent  solid  matter,  is  that  the  spectrum  of  the  light 
is  continuous.  These  strong  arguments  have  been  combated  by  Dr.  Frankland,  and  although 
the  writer  does  not  consider  that  it  has  been  shown  that  the  presence  of  solid  particles  is  not  fre- 
quently the  cause  of  luminosity,  he  has  certainly  proved  that  flames  which  are  non-luminons 
under  ordinary  circumstances  become  so  when  combustion  takes  place  at  a  pressure  above  that  of 
the  atmosphere.  Dr.  Frankland  shows  that  mixtures  of  oxygen  and  hydrogen,  carbonic  oxide  and 
oxygen,  and  hydrogen  and  chlorine,  when  burnt  in  close  vessels  so  as  to  prevent  expansion,  give 
very  luminous  flames,  and  he  also  adduces  the  cases  of  metallic  arsenic  in  oxygen,  of  bisulphide 
of  carbon  in  oxygen,  of  bisulphide  of  carbon  in  nitric  oxide,  of  sulphur  in  oxygen,  of  phospho- 
rus in  oxygen,  as  instances  in  which  high  luminosity  is  produced  without  the  presence  of  soUd 
or  liquid  particles,  and  he  also  shows  that  many  of  these  luminous  flames  give  continuoi:s 
spectra,  thus  upsetting  the  argument  adduced  from  the  continuous  spectrum  of  coal-gas  flame. 
In  the  above  cases  the  increase  of  luminosity  may  be  supposed  to  be  due  to  the  enormous  in- 
crease of  temperature,  but  Dr.  Frankland  has  also  shown  that  pressure  has  much  to  do  with 
the  luminosity  of  flame.  Candles  burning  at  a  diminished  atmospheric  pressure,  such  as  at  the 
top  of  Mont  Blanc,  bum  at  exactly  the  same  rate  as  they  do  at  the  foot  of  the  mountain,  but 
the  luminosity  at  the  summit  is  reduced  from  100  to  18*4  (PhiL  Trans.  1861,  p.  631).  By  con- 
tinuing the  experiments  at  high  pressure,  it  is  found  that  flames  which  are  ordinarily  non- 
luminous  become  luminous ;  thus  a  spirit  lamp  becomes  powerfully  luminous  in  air  at  a  pressure 
of  four  atmospheres,  and  bums  with  a  smoky  flame  at  higher  pressures.  Dr.*  Frankland  gives 
in  the  following  table  the  results  of  a  series  of  experiments  with  a  coal  gas  flame  burnt  under 
different  pressures. 


Pressure  of  Air 

in  Inches  of 

Mercury. 

Observed 

XUominating 

Power. 

30-2 
28-2 
26'2 

lOO'O 
91-4 
80-6 

24*2 
22*2 

73-0 
61-4 

20*2 

47-8 

Pressore  of  Air 
in  Inches  of 
Mercury. 

Observed 

niuminating 

Power. 

1 8-2 
l6'2 
I4'2 
12*2 

374 
294 

198 

12*5 

IO'2 

3-6 
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In  a  more  recent  communication  to  the  Royal  Society,  Dr.  Frankland  has  described  the  exten- 
edon  of  these  experiments  to  the  combustion  of  jets  of  hydrogen  and  carbonic  oxide  in  oxygen 
under  a  pressure  gradually  increasing  to  twenty  atmospheres.  These  experiments  were  made  in 
a  strong  wrought-iron  vessel  furnished  with  a  thick  glass  plate  of  sufficient  size  to  permit  of  the 
optical  examination  of  the  flame.  The  appearance  of  a  jet  of  hydrogen  burning  in  oxygen 
under  the  ordinary  atmosphereric  pressure  is  well  known.  On  increasing  the  pressure  to  two 
atmospheres,  the  previously  feeble  luminosity  is  very  markedly  augmented,  whilst  at  ten  atmos- 
pheres' pressure  tiie  light  emitted  by  a  jet  about  one  inch  long  is  amply  sufficient  to  enable  the 
observer  to  read  a  newspaper  at  a  distance  of  two  feet  from  the  flame,  and  this  without  any 
reflecting  surface  behind  the  flame.  Examined  by  the  spectroscope,  the  spectrum  of  this  flame 
is  bright  and  perfectly  continuous  from  red  to  violet.  With  a  higher  initial  luminosity,  the 
flame  of  carbonic  oxide  in  oxygen  becomes  much  more  luminous  at  a  pressure  of  ten  ataios- 
pheres,  than  a  flame  of  hydrogen  of  the  same  size  and  bumiDg  under  the  same  pressure.  The 
spectrum  of  carbonic  oxide  burning  in  oxygen,  under  a  pressure  of  fourteen  atmospheres,  is  very 
brilliant  and  perfectly  continuous.  If  it  be  true  that  dense  gases  emit  more  light  than  rare 
ones  when  ignited,  the  passage  of  the  electric  spark  through  different  gases  ought  to  produce  an 
amount  of  light  varying  with  the  density  of  the  gas ;  and  Dr.  Frankland  has  shown  that  elec- 
tric sparks,  passed,  as  nearly  as  possible  under  similar  conditions,  through  hydrogen,  oxygen, 
chlorine,  and  sulphurous  anhydride,  emit  light,  the  intensity  of  which  is  very  slight  in  the  case 
of  hydrogen,  considerable  in  that  of  oxygen,  and  very  great  in  the  case  of  chlorine  and  sulphu- 
rous anhydride.  On  passing  a  stream  of  induction  sparks  through  the  gas  standing  over  liqui- 
fied sulphurous  anhydride  in  a  strong  tube  at  the  ordinary  temperature,  when  a  pressure  of 
about  three  atmospheres  was  exerted  by  the  gas,  a  very  brilliant  light  was  obtained.  A  stream 
of  induction  sparks  was  passed  through  air  confined  in  a  glass  tube  connected  with  a  condensing 
syringe,  and  the  pressure  of  the  air  being  then  augmented  to  two  or  three  atmospheres,  a  very 
nuurked  increase  in  the  luminosity  of  the  sparks  was  observed,  whilst  on  allowing  the  condensed 
air  to  escape,  the  phenomenon  was  reversed. 

FLAMES,  SENSITIVE.     See  SensiUve  Flatnet. 

FLAMES,  SPECTRA  OF.  See  Spect/nm,  AnalyM;  Elements,  Spectra  of  Oie  ;  Metallic 
Spectra. 

FLEXIBILITY.  {FlextbUitaSf  from  flecto,  flexurHf  to  bend.)  A  property  by  which  numerous 
bodies  easily  yield  to  forces  tending  to  change  their  form  ;  as,  for  example,  when  a  bar  supported 
at  both  ends  is  permanently  bent  by  a  force  acting  at  its  middle  point,  and  at  right  angles  to 
its  length.    (See  BritHeness.) 

FLINT.    See  Qiuirtz, 

FLORENTINE  EXPERIMENT.    See  Comprestilnlity  of  Liquids. 

FLOATING  CURRENT.  De  la  Rive,  in  order  to  show  the  motion  of  a  free  current  in  a 
magnetic  field,  invented  a  beautiful  little  apparatus  which  goes  by  this  name.  Below  a  flat 
circular  piece  of  cork  is  attached  a  small  battery,  consisting  of  a  plate  of  zinc  and  a  plate  of 
platinum  inserted  in  a  short  test  tube,  which  is  filled  with  dilute  sulphuric  acid  ;  the  terminals 
pass  through  the  cork,  and  to  them  can  be  attached  a  vertical  coil  of  wire  or  a  small  solenoid  ; 
and  the  whole  apparatus  can  be  floated  on  water  by  the  support  of  the  cork.  A  current 
perfectly  free  to  move  is  thus  obtained.    For  the  use  of  the  apparatus  see  Electro-Dynamics. 

FLOW  OF  LIQUIDS.  The  law  according  to  which  liquids  Qpw  out  of  holes  in  the 
bottoms  or  sides  of  vessels  is  called  Torricelli's  law.  If  we  conceive  a  small  mass  of  liquid  to 
fall  freely  through  a  tube,  starting  from  a  state  of  rest  at  the  upper  end,  the  velocity  it  has  on 
reaching  the  lower  end  is  ^2gl  where  I  is  the  length  of  the  tube,  and  g  the  accelerating  force 
of  gravity  (  =  32  feet  per  second).  This  rate  is  independent  of  the  density  of  the  liquid.  The 
same  law  will  hold  good  for  a  laterally  neighbouring  particle,  also  for  one  which  immediately 
follows  the  first  mass,  and  so  on  ;  in  fact,  for  a  constant  stream  of  contiguous  liquid  masses. 
That  is,  a  stream  of  liquid  falling  freely  down  a  tube,  from  a  state  of  rest  at  the  top,  will,  if  the 
supply  at  the  top  be  constant,  flow  out  at  the  bottom  with  the  velocity  which  any  falling  body 
would  acquire  if  dropped  through  the  same  distance.  When  water  flows  out  of  a  hole  in  the 
bottom  of  a  vessel,  we  may  r^^turd  the  moving  column  to  be  the  column  immediately  above  the 
hole,  reaching  to  the  surface  of  the  water,  the  water  surrounding  this  column  acting  like  the 
sides  of  the  glass  tube  above  supposed.  It  is  true  that  this  column  does  not  slip  down  without 
disturbing  the  neit^hbouring  particles.  But  when  once  the  currents  are  established,  due  to  the 
friction  of  the  falling  column  against  the  sides,  so  little  force  is  required  to  keep  them  in  motion 
that  the  above  law  is  found  to  be  approximately  verified  by  experiment,  the  more  nearly  so  as 
the  flowing  liquid  more  nearly  approaches  to  perfect  mobility.  Thus  mercury  and  water  will 
flow  out  at  nearly  the  same  rate,  while  oil  or  glycerine  will  flow  more  slowly.  The  quantity  of 
liquid  dischaz^d  in  this  way  depends,  therefore,  on  the  depth  (varies  as  the  square  root  of  the 
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depth),  and  also,  of  course,  upon  the  size  of  the  opening.     It  is  found  experimentally  that  the 
quantity  flowing  out  of  a  hole  of  twice  the  area  of  another,  is  nearly  exactly  twice  as  much. 

The  same  law  must  apply  to  the  rate  of  flow  out  of  openings  in  the  side  of  a  vessel  main- 
tained full  of  liquid  (compare  Lateral  Pressure).  Accordingly,  if  a  series  of  equal  holes  be 
opened  at  equal  distances  down  the  side  of  a  cylinder  kept  perfectly  full  of  water,  the  rate  of 
flow,  and  consequently  the  quantity  which  flows  from  each  will  be  proportional  to  the  squfuie 
roots  of  the  depths  of  the  openings.  Thus  if  a  pint  of  water  flows  out  in  a  minute  through  the 
opening  i  inch  from  the  surface,  2  pints  will  flow  from  the  opening  4  inches  from  the  sur- 
face, 3  pints  at  that  9  inches,  10  pints  from  that  100  inches  below  the  surface,  and  so  on. 
It  is  a  law  (almost  self-evident)  of  falling  bodies,  that  if  a  body  falling  through  a  given  space 
acquires  a  certain  velocity  ;  the  same  (or  another)  body  when  projected  vertically  upwards  with 
that  velocity,  will  rise  to  a  height  exactly  equid  to  that  from  which  it  fell  in  the  first  instance. 
Accordingly  we  might  expect  that  if  a  tube,  the  end  of  which  is  bent  vertically  upwards,  be 
fastened  to  a  hole  in  a  vessel  of  water,  the  velocity  acquired  by  the  water,  as  it  came  out  of 
the  hole,  would  be  sufficient  to  carry  it  as  a  fountain  up  to  the  level  of  the  surface  of  the  water 
in  the  vessel.  If  the  jet  of  such  a  fountain  be  vertical,  such  is  very  far  from  the  case,  because 
the  water,  which  has  reached  its  greatest  height,  falls  vertically  down,  encountering  and  depress- 
ing the  rising  ci)lumn.  This  interference  is  removed  by  inclining  the  jet,  but  even  then  the 
jet  seldom  reaches  above  ^  of  the  height  of  the  liquid's  surface.  This  is  because  no  liquid  is 
perfectly  mobile,  and  on  accoimt  of  the  friction  which  the  liquid  exercises  upon  the  sides  of  the 
tube,  &c. 

It  is  clear  that  each  particle,  as  it  issues  through  an  opening  in  the  vertical  side  of  a  vessel 
will  be  immediately  influenced  by  gravitation  which  will  give  to  its  path  the  same  form  as  that 
of  a  solid  projectile,  namely  a  parabola,  the  axis  of  which  is  the  vertical  side  of  the  vessel. 
The  succeeding  particles  of  water  will  follow  the  same  path,  so  that  the  whole  stream  has  a 
parabolic  form.  The  focus  of  such  a  parabola  is  always  that  point  on  the  axis  which  is  as  far 
beneath  the  orifice  as  the  surface  is  above  it. 

The  quantity  of  liqiiid  which  is  found  experimentally  to  be  delivered  in  a  given  time  through 
a  hole  of  given  size  in  the  thin  bottom  of  a  vessel  of  water  of  given  height  is  considerably  less 
than  that  calculated  from  the  above  formula  ;  indeed  the  actual  quantity  seldom  exceeds  60  per 
cent,  of  the  calculated.  The  cause  of  this  is  to  be  sought  in  the  circumstance  that  the  neigh- 
bouring particles  of  water  are  dragged  into  the  descending  current,  and  having  less  downward 
velocity  than  that  current,  their  inertia  has  to  be  overcome.  Their  place  has  to  be  supplied 
by  their  neighbours  and  so  on,  consequently  a  portion  (40  per  cent.)  of  the  work  of  the  falling 
water  hs  expended  in  setting  the  mass  of  the  liquid  in  motion.  Further,  since  the  lower 
portion  of  the  descending  column  is  moving  faster  than  the  higher  portions,  there  is  always  a 
tendency  in  the  column  to  break,  a  tendency  resisted  by  the  pressure  of  the  air  which  forces 
the  inert  neighbouring  particles  to  enter  the  circumference  of  the  oolunm,  and  which  presses 
on  the  water  as  it  issues  out.  If  the  actual  motion  of  such  a  column  be  examined,  which 
can  be  done  by  suspending  in  the  water  fragments  of  some  substance  having  the  same  density, 
it  is  found  that  the  centre  of  the  column  descends  most  quickly,  and  it  is  only  this  portion 
whose  velocity  is  equal  or  nearly  equal  to  the  theoretical  velocity.  It  is  clear  that  those 
portions  of  the  neighbouring  water,  which  join  the  current  near  the  bottom  of  the  vessel,  will 
have  imparted  to  them  a  considerable  motion  towards  the  axis  of  the  column.  The  momentum 
of  these  particles  carries  them  towards  the  centre,  in  consequence  of  which  the  current  imme- 
diately below  the  orifice  is  contracted  into  a  sort  of  waist,  which  is  called  the  Vena  Contracta, 
or  Contractio  Vence,  A  current  thus  flowing  steadily  out  of  a  circular  orifice  gradually  tapers 
in  a  continuous  stream.  At  a  certain  distance  from  the  opening  it  appears  to  flatten  ou^  to 
contract,  to  flatten  out  again,  and  so  on,  until  it  breaks  into  a  series  of  separately  visible  drops. 
If  the  motion  of  the  expanded  and  contracted  portions  be  followed  by  the  eye,  which  can  be 
done  by  viewing  them  in  a  revolving  mirror,  they  are  seen  also  to  consist  of  separate  drops 
following  one  another  in  such  quick  succession,  that,  under  ordinary  circumstances,  they  appear 
to  form  a  continuous  stream.  The  alternate  bulging  out  and  contraction  of  the  stream  is  thus 
seen  to  be  due  to  the  methodical  contraction  of  each  drop  in  a  vertical  direction,  and  consequent 
bulging  out  in  a  horizontal  one,  as  the  drop  passes  what  appears  to  be  a  thickening  of  the 
current.  When  the  drops  pass  throu(;h  what  appears  to  be  a  thinner  portion  of  the  current, 
they  are  laterally  compressed  and  vertically  elongated. 

The  quantity  of  water  which  flows  through  a  circular  opening  may  be  materially  increased 
by  adding  a  tube  or  spout  (Fr.  ajouiage.)  Thus,  if  a  short  cylindrical  tube  be  employed  as  a 
spout,  the  quantity  of  water  may  be  increased  up  to  80  from  60  per  cent,  of  the  calculated 
quantity,  provided  that  the  stream  is  in  contact  with  the  inside  of  the  tube  throughout.  This 
i9  caused  by  the  adhesion  between  the  solid  and  liquid  which  occurs,  imless  the  velocity  of  the 
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efflux  be  very  great.  The  vefia  eorUracta  then  usually  entirely  diBapi>ear8.  The  stream  haa  a 
constant  diameter,  and  therefore  flows  with  uniform  velocity  through  the  spout.  A  still  larger 
delivery  of  water  is  effected  by  employing  a  conical  delivery  tube  or  spout,  the  narrow  end 
being  next  to  the  vessel.  If  the  current  be  made  to  touch  aU  sides  of  the  spout,  there  is 
generally  a  well-marked  space  containing  air  between  the  vena  contracta  and  the  spout.  The 
water  has,  of  course,  the  greatest  velocity  at  the  narrowest  part  next  to  the  vessel,  and  the 
least  at  the  opening  of  the  tube,  so  that  though  the  quantity  of  water  which  flows  out  is 
increased,  its  velocity  is  diminished.  It  is  the  spreading  out  of  the  current,  after  passing  the 
vena  contracta,  which  causes  the  increase  in  the  quantity  delivered.  For  the  spreading  out  must 
tend  to  produce  a  vacuum  or  rarefaction,  in  consequence  of  which  the  air  presses  with  greater 
force  upon  the  surface  of  the  water  in  the  vessel,  while  the  stream  itself  is  protected  from  the 
opposite  pressure  by  the  spout.  That  there  is  rarefaction  in  the  neighbourhood  of  the  vena 
eontraeta  is  shown  by  inserting  a  vertical  tube  in  this  portion  of  the  spout,  and  letting  the  other 
•end  dip  into  water.  The  water  will  be  observed  to  be  forced  up  the  tube  by  atmospheric 
pressure.  • 

Owing  to  capillary  action,  a  liquid  which  wets  a  capillary  tube  will  not  flow  out  of  it  unless 
the  vertical  height  of  the  column  is  twice  that  to  which  the  liquid  would  rise  in  the  tube.  (See 
CapUlarity.)  If  a  capillary  tube  be  held  horizontally,  so  that  the  weight  of  the  liquid  in  it  may 
be  of  no  effect  in  producing  motion,  it  requires  a  certain  force  to  press  a  given  quantity  through 
in  a  given  time.  This  force  varies  with  the  diameter  and  length  of  the  tube,  and  also  with  the 
nature  and  temperature  of  the  liquid.  Poisseville,  who  has  examined  this  subject  with  care, 
concludes  that  the  quantity  of  liquid  forced  through  varies  directly  with  the  pressure,  inversely 
with  the  length  of  the  tube,  and  directly  with  the  fourth  power  of  the  diameter.  It  appears 
from  experiments  of  Giraud  that,  of  all  pure  liquids,  water  flows  through  capillary  tubes  with 
the  greatest  facility,  but  it  is  surpassed  by  solutions  of  saltpetre.  Alcohol,  under  like  circum- 
stances, flows  at  about  half  the  rate  of  water,  and  turpentine  at  a  very  much  slower  rate.  The 
temperature,  however,  makes  an  enormous  difference.  A  rise  of  io8"  F.  from  40**  to  148^ 
increases  the  rate  of  flow  of  water  threefold.  A  rise  of  60°  F.  in  the  case  of  turpentine,  from 
34**  F.  to  94**,  makes  that  liquid  flow  sixteen  times  as  fast.  It  appears  that  these  results 
include  the  increase  of  flow  due  to  the  increased  size  of  the  tubes  at  the  higher  temperatures. 
But  that  change  of  temperature  has  a  great  effect  indep^ident  of  this,  is  seen  by  the  excess  of 
the  difference  in  the  rate  of  flow  in  turpentine  over  that  of  water  for  a  less  temperature 
difference. 
FLUIDS,  ELECTRIC.     See  JSledricity,  Theoriea  of, 

FLUORESCENCE.  (From  Fluoivspar ;  Jluo,  to  flow.)  A  term  used  by  Professor  Stokes 
in  his  explanation  of  the  phenomena  called  by  Sir  J.  Herschel  Epipolic  Dispenion,  and  by  Sir 
D.  Brewster  Internal  JHapereum.  By  allowing  a  solar  spectrum  to  fall  on  a  fluorescent  sub- 
stance, such  as  a  solution  of  sulphate  of  quinine,  a  peculiar  blue  diffused  light  makes  its 
appearance  at  the  surface  of  the  fluid  on  which  the  actinic  or  ultra  violet  rays  fall.  (See 
ActinUm,)  On  examining  this  li^^t.  Professor  Stokes  found  that  it  possessed  a  less  refrangi- 
bility  than  the  incident  rays,  and  he  was  therefore  led  to  the  discovery  of  the  change  of  ine 
refrangibility  of  the  rays  of  light,  the  highly  refrangible  actinic  rays  being  degraded  into 
luminous  rays  of  less  rcfnuDgibUity.  The  effect  of  fluorescence  can  be  seen  without  having 
recourse  to  a  spectrum.  If  daylight,  or,  still  better,  the  highly  actinic  light  of  the  flames  cS 
alcohol,  or  of  sulphur  burning  in  oxygen,  are  allowed  to  shine  on  a  fluorescent  substance,  the 
phenomenon  will  be  observed  in  a  marked  degree.  The  best  fluorescent  substances  are  scdution 
of  sulphate  of  quinine,  an  aqueous  infusion  of  horse-chestnut  bark,  an  alcoholic  solution  of 
chlorophyll,  tincture  of  turmeric,  alcoholic  extract  of  thorn  apple  seeds,  and  uranitim  glass. 
The  colour  of  the  fluorescent  light  varies  with  different  substances ;  thus,  with  quinine  or  horse- 
chestnut  bark  it  is  blue,  with  uranium  compounds  it  is  greenish  blue,  with  tunneric  or  thorn 
apple  it  is  green,  and  with  chlorophyll  red.  If  sunlight  is  allowed  to  shine  on  a  solution  which 
contains  suspended  particles,  it  is  diffused  in  a  manner  which,  at  first  sight,  looks  like  fluores- 
cence. This,  however,  is  simply  due  to  the  light  illuminating  the  suspended  particles.  This  is 
called  Falte  Diffunc/n  or  Falae  viapertion. 

FLUORINE.  An  element  supposed  by  most  chemists  to  belong  to  the  chlorine  group. 
Symbol  F.  Atomic  weight,  19.  it  is  a  gas,  but  its  properties  in  the  free  state  are  almost 
unknown,  owing  to  its  intense  affinities  which  cause  it  to  unite  with  almost  every  substance 
with  which  it  comes  in  contact ;  the  most  successful  attempt  at  isolating  it  having  been  per- 
formed in  vessels  of  fluor-spar,  which  is  a  fluoride  of  calcium.  The  most  important  oompounds 
of  fluorine  are  the  hydrogen  compound,  fluor-hydiic  acid,  or  hydro-fluorio  add:  see  uydrO" 
f/wric  Acidf  and  its  combination  with  silicon.  (See  SiUeon,) 
FLUOR  SPAR.    See  Caldum,  Flwn-kU  qf. 
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FLUOSILICIC  ACID.    See  SUtc(m. 

FLY  WHEEL.  A  wheel  poesessing  a  very  heavy  rim,  fixed  upon  the  axis  of  a  crank  or 
other  convenient  part  of  a  machine,  so  as,  by  its  momentum,  to  equalise  the  motion  produced 
by  the  action  of  the  connecting-rod  upon  the  crank.  It  receives  momentum  from  the  prime 
mover  when  at  its  positions  of  greatest  advantage,  and  expends  it  in  keeping  up  the  action  of 
the  machine  when  the  rod  is  at  its  dead  points.  Consequently,  the  crank  is  carried  round  con- 
tinually at  an  approximately  uniform  rate.     (See  Crank. ) 

FOCAL  POINT.     See  Focus. 

FOCI  CONJUGATE.     See  Concave  Mirror. 

FOCUS.  {Focu»y  from  Foveo^  to  heat ;  literally,  a  fireplace.)  In  optics,  the  point  where 
rays  converged  by  a  reflecting  mirror  or  a  convex  lens  meet.  If  tibe  sun's  rays  lure  employed 
the  greatest  concentration  of  heat  and  light  will  be  at  this  point.  (See  Virttud  Focum;  Conju- 
gate  Foci.)  It  is  sometimes  called  the  real  focus  ;  where  rays  originally  parallel  meet  is  called 
the  principal  focus.    {Bee  sH/io  Principal  Focus.) 

FOCUS,  REAL.     See  Images,  Virtual,  Real. 

FOCUS,  VIRTUAL.    See  Images,  ViHual,  Seal;  Virtual  Focus. 

FOG.    A  doud  resting  on  or  near  the  surface  of  the  earth. 

Fogs  appear  whenever  the  temperature  of  the  air  falls  markedly  below  the  dew-point ;  so 
that,  if  any  circumstance  occurs  either,  (i)  to  lower  the  temperature  of  the  air  considerably,  or 
(2)  to  pour  more  vapour  into  the  air  than  it  can  hold  in  the  form  of  invisible  vapour,  a  mist  or 
fug — the  aggregate  of  the  particles  of  condensed  vapour — ^makes  its  appearance.  Owing  to  the 
fact  that  a  fog  may  be  caused  in  either  of  these  two  ways,  fogs  result  from  apparently  contra- 
dictory causes.  Thus,  a  river  flowing  from  a  cold  to  a  warm  region  will  ofton  be  covered  with 
fog,  because  it  is  colder  than  the  surrounding  air,  which,  becoming  cooled  below  the  dew-point, 
discharges  its  moisture  in  the  form  of  fog  ;  but,  again,  a  river  flowing  from  a  warm  to  a  cold 
region  will  also  often  be  covered  with  fog,  because  it  pours  more  vapour  into  the  air  than  can 
be  retained  in  the  invisible  form. 

For  similar  reasons,  wherever  there  is  a  marked  contrast  between  the  temperature  of  two 
regions,  winds  from  either  to  the  other  will  often  bring  fog.  Suppose  a  wind  to  blow  across  a 
warm  and  then  to  a  cold  region : — In  passing  over  the  warm  region  it  rises  in  temperature,  and 
thus  not  only  retains  its  moisture,  but  can  receive  more  moisture  without  beooming  saturated ; 
but  when  this  wind  reaches  a  colder  region,  it  is  lowered  in  temperature,  and  if  moisture-laden, 
will  be  compelled  to  discharge  a  portion  of  its  moisture  in  cloud  or  fog,  according  as  it  blows 
high  or  low.  On  the  other  hand,  a  wind  blowing  from  the  cold  towards  the  warm  region  will 
often  produce  fogs,  for  it  will  lower  the  temperature  of  the  air  over  the  warm  region ;  and 
if  that  air  was  nearly  saturated,  it  would  be  unable  to  retain  its  moisture  in  the  invisible  form. 

Fogs  often  appear  on  mountain  slopes.  The  air  which  blows  up  the  slopes  is  gradually 
lowered  in  temperature,  and  at  length  reaches  a  level  where  its  temperature  is  lowered  below 
the  dew-point,  when  condensation  takes  place. 

The  fogs  which  occur  in  the  winter  months  in  large  cities  built  on  rivers  are  due  to  cold 
winds  which  flow  in  upon  an  accumulation  of  warm  moisture-laden  air.  After  mild  weather, 
with  prevalent  southerly  wind,  a  steady  easterly  current  almost  invariably  causes  a  dense  fog  to 
make  its  appearance,  the  air  being  compelled  to  resign  its  moisture  as  the  temperature  gradually 
falls.    (See  Fogs,  Fadiation.) 

FOG,  DRY.  A  term  applied  to  extensive  clouds  of  dust,  or  smoke,  or  volcanic  ashes,  re- 
sembling in  appearance  ordinazy  fog  or  cloud,  but  not  affecting  the  hygrometer.  Sometimes 
these  dry  fogs  have  covered  a  wide  extent  of  countiy,  or  even  a  whole  continent.  Many  of 
them  are  referable  doubtless  to  the  discharge  of  enormous  quantities  of  volcanic  ashes,  but 
others  seem  not  associable  with  any  such  cause.  The  fog  of  1783  was  one  of  the  most  remark- 
able inst^ces  of  a  dry  fog.  It  extended  from  Norway  to  Syria,  and  from  England  to  the  Altai 
Mountains.  It  is  said  to  have  tinged  all  things  with  a  strange  blue  colour.  But  "  the  sun  at 
noon,*'  says  Gilbert  White,  *'  look^  as  blank  and  ferruginous  as  a  clouded  moon,  and  shed  a 
rust-coloiired  ferruginous  light  on  the  ground  and  floors  of  rooms,  but  was  particularly  lurid  and 
blood-coloured  at  rising  and  setting."  In  that  year  there  had  been  many  subterranean  disturb- 
ances in  Europe,  and,  in  particular,  a  tremendous  series  of  earthquakes  had  upheaved  Calabria. 

FOGS,  RADIATION  OF.  On  a  night  favourable  to  the  formation  of  dew— that  is,  when  the 
air  is  calm  and  clear,  and  the  earth  is  radiating  its  heat  into  space — the  air  immediately  above 
the  ground  becomes  cold  ;  but,  dew  being  formed,  the  temperature  of  the  air  does  not  fall  con- 
siderably below  the  dew-point.  (See  Dew  and  Dew-Point. )  If  the  ground  slope,  however,  the  cold 
air  flows  down  to  lower  levels.  This  cold  air  lowers  the  temperature  of  the  air  which  it  meets, 
and  if  that  air  is  saturated  a  fog  or  mist  is  formed.  Such  a  fog  will  tend  to  increase,  because 
water,  being  a  good  radiant,  the  fog  will  part  quickly  with  ite  heat.   Thus,  these  fogs  have  been 
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seen  to  rise  like  an  inundation  over  a  wide  range  of  country  bounded  by  grassy  slopes  which 
extend  to  a  higher  level. 

FOMALHAUT.  (Arabic.)  The  star  a  of  the  constellation  Pisds  Australis.  It  is  an 
important  southern  star,  usually  recorded  in  maps  as  of  the  first  magnitude,  but  estimated  by 
Sir  John  Herschel  as  a  second  magnitude  star. 

FOOD,  FUNCTIONS  OF.  In  the  widest  sense  the  word  food  may  be  said  to  comprehend 
all  things  which,  when  taken  into  the  animal  body,  contribute  to  its  maintenance  or  healthy 
action.  It  would  be  absurd  to  apply  the  term  to  a  mere  poison,  or  to  a  foreign  body  such  as  a 
button  swallowed  by  accident ;  but  the  above  definition  includes,  in  addition  to  the  ordinary 
alimentary  substances,  mineral  salts,  oxygen,  water,  and  even  quinine  and  other  medicines. 

In  the  more  limited  sense  in  which  the  word  is  generally  used,  food  consists  of  certain 
oxidisable  solids  and  liquids  of  complex  constitution  which,  inasmuch  as  they  all  contain  carbon, 
are  classed  among  organic  compounds.  They  are  divided  into  two  great  groups  according  as 
they  do  or  do  not  contain  nitrogen : — 

I.  Nitrogenous,  or  flesh-forming  elements  of  food.    Liebig's  **  Plastic  Elements  of  Nutrition.*' 

Albumin,  Fibrin,  Casein,  Legumin,  (7elatin(?). 

II.  Non-nitrogenous,  or  heat-prodadng  elements.    Liebig's  *'  Elements  of  Bespiration." 

Fats  and  Oils,  Starches,  Sugars. 

With  the  exception  of  Gelatin,  which  occupies  a  somewhat  doubtful  position,  the  nitrogenous 
elements  have  for  their  chief  function  the  repair  of  the  muscular  and  other  tissues.  (See 
Mu8cvlar Power.)  The  non-nitrogenous  elements  appear  to  act  as  mere  Itiel,  being  burnt  in  the 
body  to  supply  the  force  which  it  expends  as  heat  and  work.  But  it  cannot  be  doubted  that 
inasmuch  as  the  flesh-formers  are  ultimately  oxidized  in  the  body,  they  also  contribute  to  its 
available  force,  and  are  even  capable  of  replacing  to  a  great  extent  tiie  non-nitrogenous  elements. 
All  the  more  important  articles  of  food  contain  one  or  more  members  of  each  group. 

Frankland  (PkU.  Mag.,  September  1866)  has  ascertained  with  great  care  the  calorific  value, 
as  burnt  in  the  body,  of  the  most  important  substances  used  as  food.  Fats  and  oils  are  greatly 
superior  to  all  other  substances  as  sources  of  force,  one  gramme  of  the  fat  of  beef  when  oxidized 
in  the  body  yielding  no  less  than  3841  metre-kilogrammes  of  force,  whereas  the  dry  lean  yielded 
only  2047,  and  dry  bread  only  1625  metre-kilogrammes.  Oatmeal  and  flour  appear  in  the  tables 
as  the  most  economical  sources  of  force.  It  must  not,  however,  be  forgotten  that  in  estimating 
the  value  of  a  food,  account  must  be  taken  of  its  flesh-formingf  as  weU  as  of  its  force-producing 
powers ;  and,  moreover,  that  its  usefulness  will  depend  in  no  slight  degree  on  the  ease  with 
which  it  can  be  digested. 

FOOT-POUND.  The  term  expressing  the  unit  selected  in  measuring  the  work  done  by  a 
mechanical  force.  A  foot-pound  represents  one  pound  weight  raised  through  a  height  of  one 
foot ;  and  a  force  equal  to  a  certain  number  of  foot-pounds,  fifty  for  example,  is  a  force  capable 
of  raising  fifty  pounds  through  a  height  of  one  foot.    (See  Dynamical  Unit;  Work.) 

FOHCE.  (PortU,  strong.)  Any  cause  which  can  move  a  body,  change  its  motion  or  keep  it 
at  rest  when  other  forces  are  acting  upon  it.  In  statics  force  is  synonymous  with  pressure,  and 
is  measured  by  comparison  with  a  unit  of  weight ;  thus  a  statical  force  is  usually  described  as  a 
pressure  of  so  many  pounds.  In  dynamics  a  force  is  that  which  produces  or  changes  motion,  and 
is  measured  by  the  velocity  it  can  impart  to  a  given  mass  in  a  given  time.  The  force  required 
to  produce  a  given  velocity  in  a  given  time  is  found  by  experiment  to  vary  as  the  mass  of  matter 
moved ;  and  the  force  required  to  move  a  given  mass  varies  as  the  velocity  generated  in  a  given 
time ;  hence,  by  choosing  suitable  units  we  may  say  that  the  pressure  producing  motion  is  equal 
to  the  product  of  the  mass  moved,  and  the  velocity  generated  m  a  second  of  time.  The  pressure 
in  this  case  is  termed  the  moving  force,  A  force  which  acts  continuously  on  a  body  so  as  to  ac- 
celerate its  motion  is  sometimes  termed  an  accderating  force, 

FORCE,  CONSERVATION  OF.    ^%6  Cmaervaticm  of  Energy, 

FORCE,  ELECTROMOTIVE.     See  Eleetrfmotive  Fwrce, 

FORCE  EXERTED  DURING  EXPANSION.    See  IwUtmO.  Work  afa  Man  ofMaUer. 

FORCE,  LINES  OF.     Bee  Lines  of  Force, 

FORCES,  PARALLEL,     ^ee  Composition  of  Forces. 

FORCES,  PARALLELOGRAM  07.    &ee  ParaOdogram  of  Forces. 

FORCES,  PARALLELOPIPED  OF.    See  ParaOelopiped  ofForcei. 

FORCES,  POLYGON  OF.     &ee  Polygon  of  Forces, 

FORCES,  TRIANGLE  OF.    See  TriangU  of  Forces, 

FORCING  PUMP.  When  Hquids  have  to  be  raised  from  a  depth  exceedmg  20  or  25  feet 
the  suction  pump  is  not  available.    (See  Suction  Pump.)    The  forcing  pump  is  then  employed. 
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Thia  consists  of  a  cylinder  or  bairel  in  or  on  a  level  with  the  water  which  has  to  be  raised.  The 
bottom  of  this  cylinder  is  provided  with  two  valves,  the  oi^e  opening  into  the  other  out  of  the 
cylinder,  the  latter  is  in  the  mouth  of  a  tube  which  reaches  up  to  the  height  to  which  the  water 
has  to  be  raised.  A  piston  (without  valves)  is  worked  up  and  down  in  the  cylinder  by  a  rigid  rod 
reaching  to  the  operator.  On  being  pulled  up  the  water  enters  the  cylinder ;  on  being  forced 
down,  the  water  is  forced  out  of  the  second  valve,  and  is  raised  in  the  conducting  pipe.  At  the 
second  up  stroke  the  water  is  prevented  from  entering  the  cylinder  by  the  valve  through  which 
it  had  passed,  while  a  fresh  quantity  of  water  enters  the  cylinder,  and  so  on. 

FORESTS,  INFLUENCE  OF,  ON  CLIMATE.  Forests  have  an  important  influence  on 
climate,  somewhat  resembling  in  character  that  produced  by  the  neighbourhood  of  water.  The 
changes  of  temperature  in  a  forest  take  place  slowly.  Further,  evaporation  from  ground  under 
trees  proceeds  slowly,  because  the  Bun*B  heat  is  warded  off,  and  as  what  vapour  rises  is  generally 
left  imdisturbed  by  winds,  forests  are  regions  of  abundant  moisture,  both  as  respects  the  soU 
the^  cover  and  the  air  around  them.  Hence  the  summer  heat  and  the  winter  cold  are  alike 
diminished.  Also,  the  low  temperature  of  forest  regions  causes  winds  passing  over  them  to 
part  ^vith  their  moisture,  so  that  such  regions  are  usually  rainy. 

FORMIC  ACID.  {FormicOy  an  ant.)  A  transparent  colourless  liquid,  of  a  pungent  odour, 
and  very  corrosive.  Specific  gravity,  1*23.  Boiling  point,  98*5**  C.  (209**  F.)  Composition, 
CHjOj.  It  mixes  with  water  in  all  proportions,  and  unites  with  bases  to  form  salts,  which  are 
called  Formiates.  It  is  the  first  term  of  a  series  of  homologous  acids  formed  by  the  oxidation 
of  the  alcohols,  acetic  acid  being  the  second  term.     (See  AlcohoU;  Homaiog<yut  Svbitemcei.) 

FORMULAE,  CHEMICAL.  In  order  to  express  shortly  the  composition  of  chemical 
compounds  a  certain  symbolic  notation  is  used  ;  certain  symbols  are  grouped  together  into  what 
is  called  a  chemical  formula  ;  and  with  the  aid  of  chemical  formule  the  chemical  changes  which 
occur  when  various  bodies  are  put  in  contact  can  be  conveniently  represented  by  means  of 
chemical  equaiioni.  It  is  the  object  of  this  article  to  explain  briefly  tne  construction  and  use  of 
chemical  f ormulse  and  equations,  and  especially  so  far  as  is  necessary  to  the  understanding  of 
those  employed  throughout  this  work. 

To  represent  the  chemical  composition  of  a  substance,  letters  arc  used  to  denote  the 
elements  which  occur  in  it.  These  letters  are  in  general  the  initials  of  the  English  or  Latin 
names  of  the  elements  in  question ,  thus  H  stands  for  hydrogen,  O  for  oxygen,  and  K  (kalium 
laJt.)  for  potassium ;  and  two  characteristic  letters  of  the  name  when  there  are  two  elements  with 
the  same  initial ;  thus  C  stands  for  carbon,  01  for  chlorine,  and  Co  for  cobalt ;  N  denotes 
nitrogen,  and  Na  (natrium  lai,)  denotes  sodium.  A  complete  list  of  the  elements  with  their 
symbols  and  atomic  weights  will  be  found  under  ElemenUf  Taile  of.  In  order  to  symbolise  a 
body  composed  of  several  elements  the  letters  denoting  these  elements  are  written  one  following 
the  other  in  an  order  depending  on  custom.  Thus,  hydrochloric  acid  (hydrogen  and  chlorine) 
is  written  HCl ;  and  potassic  hydrate  (potassium,  hydrogen,  and  oxygen)  KHO. 

But  these  initial  letters  are  made  to  express  more  than  this.  According  to  the  laws  of 
dbemical  equivalence  (see  Atomic  Weighl;  Atomic  Theory),  the  elements  combine  with  each 
other  in  definite  proportions  ;  and  if  in  any  given  compound  one  of  the  elements  be,  by  some 
chemical  change,  replaced  by  another  element,  a  certain  definite  quantity  of  the  second  is 
always  substituted  for  a  given  weight  of  the  first.  Thus  potassic  hydrate  always  contains  39 
parts  by  weight  of  potassium,  one  part  by  weight  of  hydrogen,  and  16  parts  by  weight  of 
oxygen ;  and  if  by  any  means  we  can  substitute  sodium  for  potassium  in  the  compound,  and 
thus  produce  sodic  hydrate  NaHO,  39  parts  by  weight  of  potassium  are  always  replaced  by 
23  parts  by  weight  of  sodium.  Moreover  when  two  or  more  elements  unite  together  in  more 
proportions  than  one,  they  unite  in  quantities  which  are  multiples  of  the  weights  called  their 
atomic  weights.  The  numbers  which  we  have  just  been  speaking  of — ^viz.,  i  for  hydrogen, 
39  for  potassium,  16  for  oxygen,  and  23  for  sodium,  are  the  atomic  weights  of  those  bodies 
respectively ;  and  it  is  foimd  that  all  the  compounds  of  potassium  with  oxygen  contain  39 
parts  by  weight  of  potassium,  or  a  multiple  of  that  number  of  parts,  and  16  parts  by  weight  of 
oxygen,  or  a  multiple  of  that  number  of  parts,  and  so  of  all  other  cases  of  chemical  combination. 
The  symbols  of  the  elements  are  therefore  made  to  represent  their  atomic  weights ;  thus  tiie 
combining  proportion  of  hydrogen  being  the  unit,  H  stands  for  I,  0  for  x6,  K  for  39,  Na  for 
23,  CI  for  35*5,  and  so  forth  (see  the  table  above  referred  to  for  the  atomic  weights  of  the  other 
elements) ;  and  when  we  write  the  symbol  KHO  for  potaanc  hydrate  we  mean  that  the  body 
is  composed  of  potassium,  hydrogen,  and  oxygen  combined  together  in  the  proportions  39,  i, 
and  16,  by  weight  respectively.  Lastly,  in  order  to  represent  combination  in  multiple  proper- 
tions  we  write  suffixes  in  connection  with  the  symbol  of  the  elements  concerned.  Thus  K^O 
denotes  that  2  x  39  parts  by  weight  of  potassium  are  combined  with  16  parts  by  weight  of 
oxygen.     On  this  principle  the  oxides  of  potassium  are  written  thus : — 


SymboL 

PoUMlum. 

Oxygen. 

K,0 

39x2 

16  X  I 

K,0, 

39x2 

16x2 

K,0, 

39x2 

16x4 
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Name. 
Potassic  Protoxide 
Potassic  Dioxide 
Potassic  Tetroxide 

After  what  we  have  said  a  few  words  will  suffice  to  explain  the  use  of  chemical  equations. 
When  we  wish  to  represent  a  change  taking  place  on  the  contact  of  two  or  more  substances,  we 
wi^te  on  the  left  hand  side  of  the  algebraic  sign  (=)  eqtud  to,  the  symbols  of  the  bodies  mixed, 
and  put  between  them  the  algebraic  sign  ( + )  plus  ;  said  on  the  right-hand  side  of  the  sign  of 
equality  we  write  the  symbols  of  the  bodies  produced  by  the  reaction  with  the  sign  (+ )  between 
them.    Thus  the  equation — 

KHO  +  HCl  =  KCi  +  HjO 
means  that  on  bringing  potassic  hydrate  (KHO)  in  contact  with  a  sufficient  quantity  of  hydro- 
chloric acid  (HCl)  a  chemical  reaction  takes  place,  whereby  potassic  chloride  (KCl)  and  ^iwtter 
(HjO)  are  produced.  It  is  to  be  noticed  that,  since  each  of  the  symbols  represents  a  certain 
weight  of  the  body  for  which  it  stands,  the  quantities  of  the  various  bodies  employed  in  a  re- 
action, and  the  quantities  of  the  newly-formed  bodies  obtained  are  represented  in  the  equation.* 
Thus  KHO  stands  for  56  ;  and  if  we  please  to  make  a  calculation  in  pounds,  stands  for  56  lbs. ; 
on  that  scale  HCl  represents  36*5  lbs.  of  hydrochloric  acid  ;  and  the  equation  affirms  that  on 
mixing  56  lbs.  of  potassic  hydrate  with  36*5  Ibe.  of  hydrochloric  acid,  we  shall  obtain  74*5  lbs. 
of  potassic  chloride  (for  that  is  the  quantity  represented  on  the  one  pound  scale  by  KCl)  and 
18  Ibe.  of  water. 

In  some  cases  it  is  necessary  to  show  that  in  a  reaction  several  equivalents  of  one  body  are 
mixed  with  one  or  more  equivalents  of  another  body.  This  is  done  by  writing  a  laige  figure 
before  the  symbol  with  which  it  is  to  be  connected.     Thus  in  the  equation, 

Chlorine.  Potaaaio  Hydrate.      Potasalo  Chlorate.    Fotaaiic  Chloride.  Water. 

6C1        +        6KH0        =        KClOj        +         5KCI        +        3H,0 

tiie  employment  of  the  numbers  6,  5,  3,  denotes  that  in  the  reaction  are  concerned  those 
multiples  of  the  bodies  with  whose  symbols  they  are  connected.  The  equation  we  have  just 
given  18  sometimes  written — 

3CI,  +  6KH0  =  KCIO,,  &c. 
3CI)  being  used  instead  of  6C1  upon  theoretical  considerations,  but  both  mean  the  same  thing. 

In  a  few  cases  the  sign  ( — )  minus  is  employed ;  thus — 

KGlOj  -  O,  =  KCl 
would  mean  that,  if  from  potassic  chlorate  a  certain  quantity  of  oxygen  be  removed,  potassic 
chloride  is  left,  the  method  of  deoxidation  not  being  indicated  in  the  equation. 

The  meaning  of  accents  and  of  Boman  figures  written  above  a  symbol  (as  0"  and  C'*)  is  ex- 
plained under  Atomicity. 

FORNAX.  (Abbreviated  from  Fornax  Chemicti,  the  Chemical  Furnace.)  One  of  Lacaille's 
southern  constellations. 

FOUCAULT'S  PENDULUM  EXPERIMENTS.  These  experiments  were  designed  to 
prove  the  rotation  of  the  eaoth  by  the  variations  of  the  angle  between  the  plane  of  oscillation 
of  a  pendulum,  and  the  plane  of  the  meriilian,  that  u  to  say,  by  showing  that  when  a  pendulum 
oscillates  freely,  it  does  not  apparently  maintain  the  same  direction,  but  that  the  direction 
changes  at  different  rates  for  different  latitudes,  and  that  this  Tariation  can  be  accounted  for 
only  by  supposing  the  earth  to  revolve  on  its  axis.  An  idea  of  such  an  effect  seems  to  have 
occurred  long  ago,  and  is  mentioned  in  a  paper  in  the  PhU.  Trans,,  1742,  No.  468,  by  the  Mar- 
quis de  Poli,  in  the  course  of  some  observations  on  the  pendulum.  It  appears  also  (see  Comptes 
Jiendus,  185 1,  No.  6),  that  in  1837  Poiraon  had  hinted  at  such  a  variation,  but  supposed  it  of 
insensible  amount. 

The  experiment  depends  on  two  facts ;  first  the  deviation  from  parallelism  to  itself,  of  the 
meridian  of  any  place,  during  the  rotation  of  the  earth.  The  direction  of  the  meridian  at  any 
point,  if  continued  in  a  straight  line,  will  be  a  tangent  to  the  earth  at  that  point  in  the  same 
plane  as  the  axis  of  the  earth,  and  meeting  the  axis  in  a  point  which  is  more  or  less  distant  from 
the  pole  according  to  the  position  of  the  place.  At  the  equator  this  tangent  Une  marking  the 
direction  of  the  meridian,  will  be  parallel  to  the  axis,  and  at  the  pole  perpendicular  to  the  axis. 

• 

*  It  ahould  always  be  borne  in  mind  that  the  symboU  employed  represent  numbers.  Much  of  the  too 
oommon  aboie  of  chemical  notation  arises  from  forgetting  this.  The  practice  of  uniting  the  symbol  of  a  body 
In  place  of  its  name  is  highly  objectionable.    We  would  also  protest  against  the  use  of  such  equations  as— 

KCiih  +  Heat  =  KCl  +  O3. 
Explanations  ought  to  be  put  in  words  not  in  equations,  and  introducing  confusion  to  save  space  Is  not 
advantageous. 
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In  one  revolution  of  the  earth,  the  tangent  line  will  trace  ont  a  cone,  the  developed  angle  of 
which  will  increase  as  we  proceed  from  the  equator  to  the  pole.  It  is  easily  proved  that  if  we 
suppose  the  earth  a  perfect  sphere,  this  angle  varies  as  the  sine  of  the  latitude  of  the  place, 
being  the  angle  obtained  by  multiplying  360**  by  the  sine  of  the  latitude,  hence  the  inclination 
of  two  8uccei»ive  positions  of  the  meridian  of  a  place  to  each  other  after  an  interval  of  time 
may  be  found  by  taking  the  same  part  of  the  above  angle  as  the  interval  is  of  twenty-four  hours. 

The  second  fact  is  the  independence  of  the  motion  of  the  pendulum,  notwithstanding  that 
the  point  of  support  is  carried  along  with  the  earth  in  its  rotation,  and  that  the  whole  seems  to 
form  a  part  of  the  earth.  This  is  easily  elucidated  by  very  simple  experiments,  in  which  the 
vibration  of  a  small  pendulum  is  seen  to  continue  parallel  to  itself  notwithstanding  a  motion 
given  to  the  point  of  support ;  the  effect  being,  in  fact,  only  a  simple  consequence  of  the  co-exis- 
tence of  two  motions  communicated  to  a  body  at  the  same  time. 

From  these  two  facts,  it  would  appear  that,  supposing  the  earth  to  revolve  on  its  axis,  if  a 
pendulum,  consisting  of  a  fine  flexible  wire  and  a  phmib-bob,  be  suspended  from  the  ceiling  of 
a  lofty  room,  and  made  to  oscillate  in  one  plane,  as,  for  instance,  in  the  plane  of  the  meridian,  or 
exactly  north  and  south,  after  a  short  time  the  direction  of  oscillation  will  not  be  north  and  south, 
but  will  have  turned  from  the  north  towards  the  west.  The  meridian  will  have  gone  through  a 
certain  angle  in  consequence  of  the  earth's  rotation,  but  the  direction  of  the  oscillation  will  have 
remained  unchanged.  At  the  pole  the  direction  of  the  pendulum  would  apparently  make  a 
complete  circuit  in  24  hours,  while  at  the  equator  it  would  maintain  the  same  direction.  The 
experiment  originally  made  by  M.  Foucault,  was  repeated  and  confirmed  under  the  inspection 
of  M.  ArajTo,  and  other  eminent  scientific  men,  with  due  precautions,  in  Paris,  as  also  at  Ghent, 
Brussels,  and  elsewhere.  In  England,  besides  the  public  repetitions  at  the  Royal,  London, 
and  Polytechnic  Institutions,  by  Dr.  Roget,  Mr.  Bishop,  Dr.  Bence  Jones,  and  Mr.  Bass,  the 
experiment  was  tried  at  York  by  Professor  Phillips,  and  at  Bristol  by  Mr.  Brent,  with  careful 
attention  to  all  the  circumstances  likely  to  ensure  the  avoidance  of  sources  of  error,  and  to 
secure  precise  results.  Other  observers  have  also  repeated  it  in  various  places,  especially  at 
Dublin,  where  Messrs.  Haughton  and  Cralbraith  of  Trinity  College  pursued  the  research  with 
all  imaginable  precautions,  and  obtained  results  somewhat  different  f  i-om  those  of  other  observers. 
According  to  nearly  all  the  other  experiments,  the  rate  of  deviation  continued  uniform,  although 
the  amount  of  deviation  given  by  different  observers  varies,  according  to  Messrs.  Haughton 
and  Galbraith,  the  rate  varied,  and  they  seem  to  have  been  the  only  observers  who  have  watched 
through  a  complete  revolution,  the  time  of  which  was  observed  to  be  28  hours,  26  minutes. 

The  rates  of  deviation  for  one  hour  were,  at  Paris  about  1 1"*  30',  at  Bristol  1 1**  42',  at  Dublin 
rather  more  than  1 2**,  at  York  about  1 3^  The  sources  of  probable  error  are  very  numerous  and  not 
easy  to  guard  against.  Such  are  the  imperfect  freedom  of  suspension,  resistance  of  the  air, 
currents  in  the  air,  &c.  The  most  formidable,  however,  is  the  extreme  difficulty,  amounting 
almost  to  impossibility  of  causing  the  pendulum  to  oscillate  in  one  plane,  and  of  preventing  its 
motion  in  a  narrow  ellipse.  At  starting,  the  bob  is  usually  drawn  aside  and  attached  to  a  fixed 
point  by  a  fine  thread  of  silk,  which  is  afterwards  burnt  by  a  candle. 

On  the  whole,  although  the  experiment  has  been  publicly  repeated  by  men  of  eminence  and 
experience  as  observers,  yet  the  discrepancies  and  difficulties  connected  with  the  observed 
results,  seem  to  indicate  that  the  subject  has  not  yet  been  thoroughly  worked  out.  It  is  of 
high  interest  and  importance,  and  merits  a  revision  of  the  theory  and  a  repetition  of  the  experi- 
ments. It  should,  however,  be  remarked  that  if  fully  verified,  the  result  would  hardly  amount 
to  a  more  palpable  proof  of  the  earth^s  rotation  than  other  astronomical  phenomena  afford. 

FRACTURE.  {FrangOy  fnictus,  to  break.)  Any  rupture  of  a  solid  body  by  which  its 
strength  is  impaired.  Fractures  may  be  classified  according  to  the  kind  of  strain  or  stress 
which  produces  them.  For  instance,  a  direct  pidl  may  produce  a  tearing  or  stretching  fracture, 
a  compressing  force  a  crushing  fracture  ;  a  transverse  force  may  produce  either  shearing, 
wrenching,  or  transverse  breakage.  An  accurate  knowledge  of  the  power  of  different  materials 
to  resist  forces  tending  to  produce  fracture  is  exceedingly  important  to  the  engineer.  (See 
Strength  of  Materiali.) 

FRAUNHOFER'S  LINES.  The  black  lines  which  cross  a  very  pure  solar  spectrum  were 
first  observed  by  Wollaston,  but  they  were  afterwards  examined  with  so  much  care  and 
philosophical  refinement  by  Fraunhofer,  that  they  are  generally  called  after  his  name.  They 
are  occasioned  by  the  light  from  lower  portions  of  the  solar  surface  (which  are  supposed  to  give 
a  continuous  spectrum),  passing  through  certain  incandescent  metallic  vapours,  such  as  iron, 
sodium,  magnesium,  hydrogen,  &c.,  which  exist  in  the  upper  portions  of  the  luminiferouB 
envelope  of  the  sun,  and,  in  a  less  degree,  through  the  aqueous  vapour  and  permanent  gases  of 
the  earth's  atmosphere.     {See  Spectrum  ;  Spectrum  Analysis  ;  Metallic  Spectra  ;  Speetratcope.) 

FRAUNHOFER'S  LINES,  ARTIFICIAL.    When  a  spirit  flame  containing  a  Bodimn 
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compound  is  ezaiDined  in  the  spectroscope,  a  bright  yellow  line  is  observed,  due  to  the  incandes- 
cent sodium  vapour  which  emits  light  of  this  refrangibility.  But  sodium  vapour  is  also  opaque 
to  light  of  the  same  refrangibility,  and  when  this  vapour  is  interposed  in  the  path  of  a  beam  of 
lija^ht  forming  a  continuous  spectrum  in  the  spectroscope,  a  black  line  is  cut  out  occupying  the 
position  of  the  luminous  line  formerly  observed,  producing,  in  fact,  an  furtificial  Fraunhofer  line 
X>.  By  employing  other  metallic  compounds,  other  lines  can  be  reversed  in  a  similar  manner. 
(See  Spectrum  Analysis;  Frauiihofer^s  Lines  ;  Metallic  Spectra;  Spectroscope,) 

FREE  CHARGE.    See  Charge,  Free. 

FREEZING  MIXTURES,  whose  object  is  the  production  of  artificial  cold,  take  advantage 
of  the  heat  which  is  required  for  the  passage  of  a  body  from  the  solid  to  the  liquid  condition. 
It  is  explained  (see  Latent  Heat)  that  for  the  mere  change  from  the  solid  to  the  liquid  state  a 
certain  quantity  of  heat  is  necessary,  and  is  taken  up  during  the  change  without  increasing  the 
temjperature  of  the  body.  By  mixing  together  two  substances,  one,  at  least,  of  which  is  a  solid, 
and  which,  on  mixing,  is  liquefied,  a  very  low  temperature  may  be  produced.  Heat  being 
required  for  the  liquefaction,  the  temperature  of  the  mixture  falls.  The  following  list  of 
freezing  mixtures,  and  of  the  lowering  of  temperature  due  to  them,  is  given  by  Professor 
Balfour  Stewart : — 


Substances. 

Parte  by  Weight 

Beduetion  of  Temperature. 

Sulph&te  of  sodium, . 
Hydrochloric  add,    . 

8  I 

■ 

S   ) 

+  xoo  C.  (+  50"  F.)to— X7"  C.  {+  i«  P.) 

Pounded  ice  or  snow. 
Common  Mli,    . 

a   ) 
I    ) 

+  xo?C.  to  — i8»C.  (0*^.) 

Sulphate  of  sodium, . 
DUnte  nitric  add,     . 

1} 

+  xo?  C.  to  —  X9?  C.  (—  a?  P.) 

Sulphate  of  sodium, . 
Kitrate  of  ammonium. 
Dilute  nitric  acid,     . 

6  ) 
5    ■ 
4  ) 

+  xo»  C.  to  —  a6«  C.  (—  xs?  P.) 

Phosphate  of  sodium, 
Dilate  nitric  add,     . 

9  \ 
4   } 

+  xo*  0.  to  —  89*  C.  (—  ao«>  P.) 

For  another  method  of  producing  artificial  cold,  see  EefrigercUor, 

FREEZING  POINT,  INFLUENCE  OF  PBESSURE  UPON.  Professor  James  Thomson 
first  pointed  out  that  it  is  a  consequence  of  the  dynamical  theory  of  heat  that  the  freezing- 
point  of  a  substance  which  expands  in  solidifving  should  be  lowered,  and  that  of  a  body  which 
contracts  in  solidifying  should  be  raised  by  the  application  of  pressure  during  the  operation  of 
freezing.  His  brother.  Sir  William  Thomson,  shortly  after  experimentally  verified  the  idea  in 
the  case  of  water,  and  showed  that  under  a  pressure  of  i6'8  atmospheres  the  temperature  of  its 
freezing-point  was  lowered  by  o*''232  F.,  a  number  which  agrees  closely  with  the  result  calculated 
theoretically  for  that  pressure — ^namely,  o°'230. 

Bunsen  afterwards  experimented  on  parafiOn  and  spermaceti,  bodies  which  contract  on  freezing, 
and  showed,  in  the  case  of  the  latter,  a  rise  in  the  temperature  of  the  freezing-point  of  5*7°  F. 
for  a  pressure  of  156  atmospheres. 

Mousson  lowered  the  freezing-point  of  water  iS**  C.  (32'''4  F.)  by  a  pressure  of  13000 
atmospheres. 

Professor  James  Thomson  applied  this  result  to  account  for  the  phenomenon  of  the  '^regela- 
tion  of  ice. "  By  pressure  a  smaU  quantity  of  ice  is  liquefied,  and  the  liquefaction  gives  rise  to  the 
disappearance  of  heat  as  latent  heat.  The  adjacent  portions  of  the  ice  are  thus  chilled  below 
the  freezing-point,  and  regelation  is  the  result. 

FRESNEL'S  LENS.  Fresnel  has  devised  for  lighthouse  purposes  a  system  of  buOding  up, 
round  a  central  convex  lens,  large  lenses  composed  of  rings  of  glass  so  curved,  that  they  all  have 
the  same  focus.  The  lamp  being  placed  in  this  focus,  tiie  divergent  rays  are  refracted  by  the 
compound  lens,  and  rendei^  panJlel.    (See  Lens.) 

FRESNEL*S  RHOMB.     See  Bhomb,  FresneCs. 

FRICTION.  (Fricoy  to  rub.)  That  resistance  to  motion  which  arises  from  the  roughness  of 
surfaces,  the  rigidity  of  cords,  and  the  presence  of  air  or  water.  It  is  one  of  the  passive  resist- 
ances to  motion,  (see  Resistanee)^  preventing  the  bodies  from  sliding  upon  one  another,  and  de- 
pending on  the  force  with  which  the  bodies  are  pressed  together.  The  determination  of  the 
amount  of  force  required  to  overcome  friction  in  special  cases  constitutes  one  of  the  most 
important  subjects  of  practical  investigation  connected  with  mechanics. 

No  surfaces  are  perfectly  smooth.     When  a  body  is  laid  upon  a  horizontal  surface,  even 
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thongh  the  surfaoe  be  one  of  polislied  steel,  tbe  application  of  some  amount  of  force  is  necessaty 
in  order  to  make  the  body  slide.  The  resistance  which  this  force  overcomes  is  termed 
friction. 

In  order  to  measure  friction,  the  body  under  consideration  is  placed  on  a  plane  which  can  be 
gradually  raised  from  the  horizontal  position  towards  the  vertical  by  some  mechanical  appliance 
such  as  a  screw.  It  is  found  that  the  inclination  of  the  plane  at  last  reaches  an  angle  such  that 
any  further  elevation  of  the  plane  causes  the  body  to  slide.  (See  Angle  of  Mepose,)  By  this 
means  a  measure  of  friction  may  be  deduced  from  the  general  principles  of  the  inclined  plane. 
(See  Inclined  Plane.)  When  a  body  rests  on  a  rough  inclined  plane  three  forces  act  upon  it,  the 
weight  which  is  vertical,  the  reaction  of  the  plane  peipendicular  to  the  plane,  and  the  force  of 
friction  in  the  direction  of  the  plane.  When  the  plane  has  reached  the  limiting  angle  of  repose, 
the  ratio  of  the  force  tending  to  make  the  body  slide  to  the  force  pressing  it  against  the  plane 
is  called  the  coefficient  of  friction.  This  is  the  same  as  the  ratio  of  the  height  of  the  plane  to 
its  base,  or,  in  other  words,  is  equal  to  the  tangent  of  the  angle  of  repose. 

In  the  experiment  for  determining  the  coefficient  of  friction,  the  base  taken  as  one  unit  is  a  foot 
in  length,  and  then  the  height  expressed  as  the  fraction  of  a  foot  is  the  coefficient  of  friction. 
This  number  varies  for  different  surfaces,  and  can  only  be  obtained  by  direct  experiment.  It  is 
always  greater  for  Uke  than  for  unlike  substances. 

The  result  of  experiments  have  established  the  following  laws,  of  which  the  first  is  funda- 
mental : — 

I.  tVhen  the  materials  composing  the  surfaces  in  contact  remain  the  same,  the  friction  is 
proportional  to  the  pressure.  Suppose  a  block  of  wood,  having  a  hole  bored  in  it,  to  rest  on  a 
plane  inclined  at  the  angle  of  repose  ;  if  lead  be  poured  into  the  hole,  the  screw  may  be  turned 
BO  as  to  incline  the  plane  at  a  greater  angle  without  causing  the  body  to  slide.  Thus  by  in- 
creasing the  pressure  we  increase  the  friction. 

The  closeness  with  which  results  of  experiment  coincide  with  this  law  may  be  seen  by  the 
following  table  from  Morin,  relating  to  oak,  with  fibres  perpendicular  to  one  another : — 


Extent  of  surfaoe  in 
contact. 

Konnal  Pressure. 

Pressure  tending  to 

produce  motion  when 

the  body  is  on  the 

point  of  moving. 

Coefficient  of 
friction.  ' 

o-^7  sq.  ft. 

X2xlbB. 

283 

495 
X99S 
3525 

67  lbs. 
X51 

■5« 

ZX7X 

1987 

OS5 
053 
O'SI 
0-58 
O'SI 

0-043  >Q-  ^ 

389  lbs. 
403 

1461 

fl04nM. 

3x3 

855 

0*53 

053 

0-52 

II.  The  friction  is  independent  of  the  extent  of  the  surfaces  in  contact.  The  angle  of  repose 
is  found  to  remain  the  same  whichever  face  of  the  body  is  placed  in  contact  with  tiie  plane. 
This  result  may  at  first  appear  surprising,  but  a  little  reflection  will  show  that  it  is  a  natural 
consequence  of  the  first  law ;  for  if,  in  the  second  position,  the  area  in  contact  be  five  square 
Inches,  as  compared  with  forty  square  inches  in  the  first,  each  square  inch  bears  eight  times  the 
pressure,  so  that  the  friction  per  square  inch  in  the  second  case  is  eight  times  as  much  as  in  the 
first,  and  the  total  friction  remains  the  same. 

When  the  pressure  per  square  inch  becomes  very  great,  the  friction  ceases  to  increase  in  pro- 
portion to  the  pressure.  When  the  pressure  in  building  constructions  is  so  intense  as  to  crash 
or  indent  the  substances  at  or  near  their  surface  of  contact,  the  friction  increases  more  rapidly 
than  the  pressure  ;  but  such  a  pressure  should  never  be  reached  in  any  structure.  Surfaces 
which  have  been  long  in  contact  present  a  variation  in  this  respect,  especially  those  of  substances 
which  may  be  sensibly  indented  by  moderate  pressure,  such  as  timber.  When  beams  of  timber 
are  mortised  together,  and  remain  at  rest^  the  parts  acquire  an  additional  force  of  adhesion  and 
cohesion,  which  is  not  proportional  to  the  pressure  (see  Adhesion  and  Cohesion) ;  and,  as  a  general 
law,  friction  between  bodies,  after  remaining  relatively  at  rest,  is  greater  than  friction  between 
the  same  bodies  in  sliding  over  one  another.  The  excess  of  this  fru^ion  of  rest  over  the  fricUon 
of  motion  is,  however,  easily  destroyed  by  giving  a  slight  vibration  to  the  bodies,  so  that  in  con- 
sidering  stability  of  structures,  we  need  omy  reckon  the  friction  of  motion. 
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HI.  When  the  body  is  in  motion,  the  friction  Ib  independent  of  the  Telocity.  The  effect  of 
friction  is  always  to  resist  the  motion  of  a  body.  Hence,  if  the  object  of  a  force  be  to  move  a 
weight,  friction  opposes  the  power;  bat  if  it  be  applied  to  keep  a  body  at  rest,  a  less  power  will 
be  sufficient  than  if  the  surfaces  were  smooth. 

Friction  is  a  vast  source  of  loss  of  power  in  machinery.  TTsually,  at  least  one-third,  and 
often  as  much  as  one-half,  of  the  entire  moving  force  employed,  is  occupied  in  overcoming  fric- 
tion. Although  friction  in  a  machine  is  a  disadvantage,  it  is  the  source  of  the  efficacy  of  sach 
instruments  as  nails,  pegs,  screws,  wedges,  &c. ;  for  example,  when  a  wedge  is  driven  into  a  sub- 
stance by  the  force  of  percussion,  it  would  rebound  after  each  blow  but  for  friction.  Without 
friction  most  structures  would  faJl  to  pieces  ;  it  is  a  necessary  condition  of  all  forward  motion, 
grasping,  &c. ;  indeed,  if  there  were  no  friction  between  the  wheel  of  a  locomotive  engine  and 
the  rail,  the  progress  of  the  wheel  would  be  impossible  for  want  of  the  necessary  purchase. 

Friction  is  frequently  utilised  when  great  reedstances  ar»  required  to  prevent  motion.  For 
example,  a  boat  carried  in  the  current  of  a  stream  may  be  easily  arrested  by  making  two  or 
three  turns  of  the  rope  attached  to  it  round  a  tree  or  fixed  object.  When  one  surface  slides  on 
another,  the  resistance  is  termed  diding  friction ;  when  one  rolls  on  the  other,  so  that  different 
points  in  each  are  brought  into  contact,  it  is  termed  rolling  friction.  With  the  same  surfaces 
and  pressure,  sliding  friction  is  much  greater  than  rolling  friction.  On  this  account  car- 
riages are  supplied  with  wheels,  articles  of  household  furniture  with  castors,  &o.,  and  generally 
substances  are  selected  for  application  in  rolling  friction  which  have  least  coefficients 
of  friction,  combined  with  inexpensiveness,  for  the  required  purpose.  When,  as  in  descending 
a  steep  hill,  it  is  advisable  to  check  the  motion  of  a  carriage,  the  wheel  is  ^*  locked"  by  a  chain 
or  by  a  break,  so  that  the  friction  thereby  caused  may  offer  a  greater  resistance  to  the  motion. 
{See  Break.) 

The  first  full  investigation  of  friction  was  made  by  Coulomb,  who  published  a  memoir  rm. 
this  subject  in  1785,  an  abstract  of  which  will  be  found  in  Young's  N€Uural  PMlaaopl^, 
voL  iL  Mr.  Moseley  pointed  out  the  properties  of  the  angle  of  repose  or  limiting  angle  of  re- 
flistanoe ;  and  Greneral  Morin  investigate  very  fully  the  calculations  connected  with  friction. 
(See  Morin's  NoHont  FondammUUes  de  Micanique!)  Tfie  following  table  show  some  of  his 
results: — 


M 


Snbitsaoes. 
Oak  on  oak,  fibres  parallel,     . 

„  „     perpendicular, 

Oak  on  elm      „     panJlel,    . 
Elm  on  oak      „ 
Wood  on  wood,  diy, 

„  soaped 

Metals  on  metals,  dry,   . 

„  wet  and  dean, 

Metals  on  oak,  dry, 

„  soapy,     . 

Leather  on  metals,  dry, 

n  t»        wet,  • 

Smoothest  and  best  greased  surfaces, 


Angle  of  Bepoie.       Goeffldent  of  Friction. 


3ir 
284' 

204' 

344' 

14"   to  264' 

114* to    2» 

84'toii4' 
164- 

264'  to  31' 

ii4* 

294* 

20' 

84* 
ifto   a* 


0'62 

0-54 
038 

0*69 
0*25  to  0*5 

0'2    to  0*04 
0*15  to  0'2 

03 

o*5  to  0*6 

0*2 

0-56 

0-36 

0*23 

0*15 

0*03  to  o'036 


FRIGID  ZONE.    See  Arctic  Circle, 

FBINGES.  Phenomena  observed  when  the  edges  of  the  shadow  of  a  small  opaque  body, 
such  as  a  fine  wire,  thrown  by  divergent  light,  are  mipntely  examined.  They  are  due  to  the 
interference  of  the  waves  of  light.     (See  JDiffracUan.) 

FROST.  The  tenn  used  to  describe  the  weather,  when  the  temperature  descends  below 
32**  Fahrenheit,  so  that  all  superficial  moistore  becomes  frozen. 

FRUIT  SUGAR    An  unaystalliBable  mixture  of  dextrose  and  laevulose.    (See  Sugar,) 

FUCHSINE.    SeeAniUne. 

FULCRUM.  {Fulcrum,  a  bed-post ;  from  fulcire,  to  prop.)  The  fixed  point  about  which 
a  lever  turns.  The  fulcrum  either  lies  between  the  forces,  in  which  case  the  forces,  if 
parallel,  act  in  the  same  direction,  and  the  pressure  on  the  fulcrum  is  their  sum  ;  or  it  lies  on 
the  same  side  of  both  forces,  in  which  case  the  forces  act  in  opposite  directions,  and  the  pressure 
on  the  fulcrum  is  their  difference.  When  the  forces  are  not  parallel,  the  direction  and  magni- 
tude of  the  pressure  on  the  fulcrum  must  be  found  by  means  of  the  parallelogram  of  forces. 
That  the  fulcrum  shall  be  strong  enough  to  bear  the  pressure  upon  it  is  an  important  condition 


FUL  266  PUS 

of  equilibrium  which  must  be  borne  in  mind  in  applying  the  lever.  This  condition  is  referred 
to  in  the  famous  maxim  of  Archimedes,  "  Give  me  a  point  of  support,  and  I  will  move  the 
whole  world."     (See  Lever.) 

FULMINATING  PANE.  A  veiy  simple  form  of  electric  condenser.  It  consists  of  a  pane  of 
glass  having  two  squares  of  tinfoil  pasted  opposite  to  each  other,  one  on  each  side.  They 
cover  nearly  the  whole  side,  leaving  only  a  margin  of  an  inch  or  so  all  round.  This  margin 
ought  to  be  coated  with  shell-lac  varnish  to  improve  its  insulating  powers.  The  pane  is  set  on 
a  wooden  frame,  and  one  of  the  tinfoil  coatings  is  connected  with  this  and  with  a  ring  which 
it  carries,  and  thus,  by  means  of  a  chain,  can  be  put  in  communication  with  the  ground.  The 
other  is  put  in  connection  with  4he  electric  machine  when  it  is  to  be  charged.  The  action  is 
precisely  that  of  the  Leyden  jar  or  jEpinut  Condenter,  (q.v,) 

FULMINIG  ACID.  An  acid  which  is  known  in  combination  with  bases,  as  fuLminatetf  but 
which  has  not  hitherto  been  prepared  in  the  free  state.  Their  formula  is  CsN^MsO,  (M 
denoting  a  metal.)  The  principal  fulminates  are  fulminate  of  mercury  and  fulmmate  of  nlver^ 
commonly  known  as  fulminating  mercury  and  colver.  They  are  prepared  by  dissolving  the 
respective  metal  in  nitric  add,  and  adding  alcohol,  when  crystals  are  deposited  on  cooling. 
Fulminating  mercury  is  the  principal  ingredient  in  the  explosive  mixture  of  percussion  caps, 
and  is  likewise  used  for  effecting  the  explosion  of  gun-cotton.  Fulminating  silver  is  seldom 
employed,  owing  to  the  great  danger  attending  its  preparation  and  manipulation. 

FUMING.  There  are  certain  liquids  which,  by  exposure  to  the  air,  fume  or  emit  a  visible 
smoke.  Spirit  of  salt,  also  known  as  muriatic  or  hvdrochloric  add,  does  this.  This  liquid  is  a 
solution  of  hydrocTdoric  add  gas  in  water  which  absorbs  it  greedily,  water  at  40**  F.  absorbing 
480  times  its  own  bulk  of  the  gas.  But  water  absorbs  ammoniacal  gas  still  more  greedily ;  for 
at  32°  F.  it  will  take  up  1050  times  its  volume  of  the  gas,  and  yet  the  solution,  known  as 
liquor  ammonicBj  does  not  fume  on  being  exposed  to  the  air.  Why  is  this  ?  Mr.  Tomlinson 
has  given  an  uiswer  to  this  question  in  the  Chemical  News,  xix.  23,  which  we  here  abridge. 
If  the  alkaline  solution  be  heated,  the  whole  of  the  gas  can  be  driven  out  of  the  water  at  about 
160°  F.  ;  but,  on  heating  the  acid  solution,  it  will  part  with  gas  until  it  has  a  density  of  1*10 
(at  60"),  when  it  will  have  a  boiling  point  of  233**  F.,  and  will  distil  unchanged. 

Moreover,  the  alkaline  solution  is  lighter  than  its  own  bulk  of  water ;  the  add  solution  is 
heavier.  The  presence  of  the  ammonia  lowers  the  boiling  point  of  water ;  the  presence  of 
hydrochloric  acid  gas  has  a  contrary  effect.  Hence,  the  mode  of  combination  between  ammonia 
and  water  must  be  different  from  that  between  hydrochloric  acid  and  water.  The  one  must 
be  a  case  of  simple  adhesion,  the  other  of  true  chemical  combination  as  well  as  adhesion. 

*'  Ammonia  let  out  into  moist  air  simply  adheres  to  the  moisture,  and  increases  its  volume. 
Vapour  of  alcohol,  ether,  &c.,  does  the  same.  Now  any  amount  of  aqueous  vapour  that  the 
air  can  maintain  in  an  invisible  elastic  state,  at  a  given  temperature,  it  can  maintain  with 
increased  effect  in  the  case  of  ammonia  vapour,  alcohol  vapour,  &c.  Hence,  the  combination  of 
these  vapours  with  the  moisture  of  the  air  is  necessarily  an  invisible  compound. 

**  Hydrochloric  add  gas,  on  the  other  hand,  let  out  into  the  air,  combines  chemically  vrith 
the  moisture,  producing  condensation  or  diminution  in  bulk.  Hence,  the  compound  is  visible, 
just  as  the  condensation  of  pure  steam  in  air  produces  visible  vapour. 

**  Fuming  nitric  acid  and  Nordhausen  sulphuric  add  are  also  cases  in  point." 

FUNDAMENTAL  NOTE  of  a  string  or  organ-pipe,  the  lowest  note  the  instrument  is 
capable  of  producing — namely,  that  produced  when  the  string  or  the  air  in  the  organ-pipe 
vibrates  as  a  whole.  (See  Harmonics. )  In  music,  the  prindpal  note  of  a  melody  or  composi- 
tion, to  which  all  the  others  are  adapted.  In  this  sense  it  is  commonly  called  the  key-note  of 
the  composition.  The  root  of  a  chonl  is  also  called  the  fundamental  note  of  the  chord.  (See 
Mamwny. ) 

FUSEE,  (fiisuSf  a  spindle ;  Frencl^  fus€au\  a  contrivance  for  rendering  uniform  the 
action  of  the  mainspring  in  watches  and  marine  timepieces.  It  consists  of  a  spiriJly-grooved 
cone,  on  which  a  flexible  chain  can  be  wound.  The  chain  ia  fastened  by  one  end  to  tiie  base 
of  the  cone,  and  by  the  other  to  a  barrel  containing  the  mainspring.  By  uncoiling,  the  main- 
spring causes  the  barrel  to  rotate,  so  as  gradually  to  draw  the  chain  off  the  fusee,  and,  by 
means  of  the  toothed  wheel  at  its  base,  to  set  in  motion  the  remaining  wheels  of  the  timepiece. 
One  end  of  the  axis  of  the  fusee  is  accessible  externally,  so  that  at  the  proper  time  it  may  be 
"wound  up."  The  force  of  the  mainspring  decreases  as  the  spring  uncoils,  but  in  consequence 
of  the  conical  shape  of  the  fusee,  as  the  force  diminishes,  the  chain  is  unwound  from  a  part  of 
gradually  increasing  diameter.  Now,  by  the  laws  of  the  wheel  and  axle,  the  greater  the  radius 
of  the  wheel,  the  less  is  the  required  power.  Hence,  by  increasing  the  diameter  of  the  grooves 
of  the  fusee,  exactly  as  the  force  of  the  mainspring  diminishes,  uniformity  of  motion  is  secured. 
(See  Lever;  Mechanical  Advantage;  Wheel  and  Axle;  VariaUe  Motion;  and  Horology.) 
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FdSKL  OIL.  A  nanseoiu  oily  liquid  produced  in  the  alcoholic  fermentation  of  potatoes, 
^.,  oofiHiBting  for  the  most  part  of  amylic  alcohol.  It  communicates  a  very  unpleasant  taste 
and  smell  to  alcohoL 

FUSING  POINT.  Different  substances,  -when  heated,  fuse  at  very  different  temperatures, 
which,  however,  are  the  same  for  the  same  substance,  if  the  external  pressure  remains  constaut. 
The  temperature  at  which  fusion  commences  is  termed  the  fiuinff  point.  The  following  table 
shows  the  fusing  point  of  -^tarious  substances  (taken  for  the  most  part  from  Fouillet's  EUmeiUt 
de  Phytique  Ea^pirimeniale) : — 


Table  ow  Fusma  Poditb» 


ITames  of  Sabttanoes. 


Platinum,        •        • 

Knglish  wrought  iron, 

Fr^oh  wrou^^t  iron. 

Steel,      . 

Manganese  (cast). 

Gold  (pure),     . 

Copper,   .        • 

Silver  (pure),  . 

Sronxe,   .        • 

Autimony, 

Zinc, 

Lead, 

Sismuth,         • 

Tin, 

AUoy  of  5  parts  tin,  i  part  lead. 

Alloy  of  I  part  tm,  i  part  bismuth. 

Sulphur,  •        • 


Foaliig  Point 

Fusing  Point 

in  degrees 

Names  of  Substanoes. 

in  degrees 

Fshxenhalt 

Fahrenheit. 

3082* 
2912 

lodme.    .        a        .        ■ 

225' 
1, 

Alloy  of  I  part  lead,  I  part  tii 
and  4  parts  bismuth. 

2732 

201 

2552 

Sodium,          •        .        .        . 

197 

2282 

Potassium, 

1364 

2282 

Phosphorus,    . 

iii'S 

1922 

Wax,      . 

142 

1832 

Marganc  Add, 

140 

1652 

Spermaceti,     • 

120 

810 

Stearine, 

117-8 

680 

Acetic  Add,  • 

"3 

608 

Tallow,  . 

92 

5" 

Ice, 

32 

446 

Bromine, 

+   9'5 

381 

Sulphuric  Add, 

—  300 

lih,  286*2 

Mercury, 

•       — 37'9 

239 


FUSION.  {Fundo,  to  cause  to  flow,  to  render  fluid. )  When  solids  are  heated  they  continue 
to  rise  in  temperature  until  at  a  certain  point  fusion  commences,  and  the  temperature  then 
ceases  to  rise  until  the  whole  mass  has  passed  from  the  solid  to  the  liquid  condition.  The 
temperature  at  wluch  this  takes  place  is  the  same  for  the  same  substance,  so  long  as  the  pres- 
sure remains  constant.  (See  Ftmng  Point,)  A  few  solids,  among  which  may  be  mentioned 
aneuious  add,  and  solid  carbonic  add,  pass  at  once  from  the  solid  to  the  gaseous  condi- 
tion ;  that  is  to  say,  their  point  of  fusion  coinddes  with  their  point  of  vaporization,  hence  they 
have  no  intermediate  liquid  condition.  Other  substances  soften  before  fusion,  and  become  more 
or  less  viscous,  as  in  the  case  of  glass,  sealing-wax,  and  the  metals  capable  of  being  welded,  sudi 
ms  platinmn  and  iron.  During  fusion  all  substances  absorb  a  certain  amount  of  heat,  called 
the  lataU  heat  offution  or  of  Uquef action,  which  is  expended  in  forcing  asunder  the  molecules  of 
the  substance  heated,  against  their  inherent  attraction  or  cohesive  power.  Hence  this  absorbed 
heat  disappears  as  heat,  and  becomes  mechanical  work ;  in  fact,  it  is  expended  in  internal  work 
(which  see) ;  and  when  the  liquid,  on  cooling,  becomes  solid  again,  tne  heat  thus  employed 
reappears  as  sensible  heat.  The  latent  heat  of  fusion  of  certain  substances  is  given  under  the 
heading  Lalenit  Heat,  Substances  for  the  most  part  expand  in  undergoing  fusion,  and  this  we 
should  expect,  for  one  of  the  most  apparent  effects  of  heat  upon  matter  is  expansion,  that  is,  a 
separation  of  the  molecules  of  a  substance  to  a  greater  distance  than  before,  in  virtue  of  the 
ackiitional  amount  of  the  motion  called  heat,  which  has  been  communicated  to  them.  A  few 
substances,  however,  do  not  expand ;  among  them,  ice,  bismuth,  and  antimony,  which  con- 
tract when  they  are  fused,  and  conversely  expand  when  they  become  solid.  (See  Maximum 
Dentity  of  Water,)  Pressure  exercises  considerable  influence  on  the  fusing  point ;  substances 
like  water,  which  expand  in  solidifving,  have  their  points  of  fusion  lowered  by  pressure  ;  while 
substances,  which  (like  the  generality)  contract  in  solidifying,  have  their  points  of  fusion  nused 
by  pressure.  Bunsen  found  that  the  fusing  point  of  paraffin  with  a  pressure  of  I  atmosphere 
was  46*3°  C,  when  the  pressure  was  increased  to  85  atmospheres,  it  rose  to  48*9*  C,  while 
under  a  pressure  of  100  atmospheres,  the  fusing  point  was  49*9^  C.  Professor  James  Thomson 
predicted,  on  theoretical  grounds,  that  the  fusing  point  of  ice  (and  other  substances  which  con- 
tract on  fusing),  would  be  lowered  by  pressure  ;  and  this  was  proved  by  Sir  W.  Thomson. 
By  the  application  of  a  pressure  of  13000  atmospheres  (i  atmosphere  =  15  lbs.  on  the  square 
inch  of  Burfiaoe)  Mousson  found  that  the  foaiDg  point  of  ice  was  lowered  from  o"*  to  — iS"*  C. 

R 


FUS  268  GAL 

Every  fubstanoe  absorbs  a  certidn  definite  amount  of  heat  in  passing  from  the  solid  to  the 
liquid  condition,  which,  as  stated  above,  is  consomed  in  internal  work  and  therefore  disappears 
as  sensible  heat.  The  large  amount  of  heat  absorbed  by  ice  in  melting,  and  given  out  by  water 
in  freezing,  has  a  great  influence  on  the  temperature  and  climate  of  countries  in  which  water 
abounds.    This  is  discnssed  in  detail  in  the  articles  which  treat  of  meteorology. 

FUSION,  LATENT  HEAT  OF.    See  LateiU  Heat. 


GALAXY.  (7dXa,  milk  ;  6  7aXa{(af  iri^irXof,  the  milky  zone.)  The  Via  Lactea  or  MUky 
Way,  The  zone  of  milky  light^  which  is  visible  in  the  sky  on  a  clear  night,  has  from  the 
earUest  ages  attracted  the  attention  of  astronomers.  The  views  formed  respecting  it  by  some 
of  the  earlier  observers  were  bizarre  and  fanciful.  Thus  Theophrastus  believed  t^t  the  celes- 
tial hemispheres  were  knit  together  incompletely,  so  that  a  circle  of  faint  light  appeared  where 
spaces  had  been  left  through  which  the  fiery  heavens  can  be  seen.  Before  him  Aristotle  had 
taught  that  the  Milky  Way  and  comets  are  constituted  of  the  same  materials.  Yet  some  of 
the  earlier  astronomers  formed  juster  views.  To  Democritus  has  been  attributed  the  theory 
that  the  Milky  Way  consists  of  a  multitude  of  stars,  too  small  to  be  separately  visible,  a  theory 
referred  to  by  Manilius  in  the  often  quoted  lines  in  which  he  asks — 

Anne  magis  densA  stellarum  turba  ooronft 

Oontexit  flammas  et  crasso  lumine  candet 

Et  fulgore  nitet  collate  clarior  orbis  ? 
We  owe  to  Galileo  the  first  ducovery  of  any  evidence  really  bearing  on  the  subject  of  the 
Milky  Way.  By  resolving  portions  of  the  zone  into  stars  he  {daced  the  true  constitution  of  the 
whole  beyond  all  reasonal>le  question,  so  far  as  the  discreteness  of  its  constituent  bodies  ia  con- 
cerned. Yet  it  remained  to  determine  what  are  the  relations  between  the  stars  forming  the 
Milky  Way  and  those  visible  to  the  naked  eye.  Sir  William  Merschel  was  the  first  to  attack 
this  noble  problem,  and  we  owe  to  the  labours  by  which  he  and  his  son  Sir  John  Herschel  have 
investigated  the  subject,  the  principal  means  we  have  of  forming  an  opinion  respecting  the 
figure  of  the  galaxy.  Before  considering  their  researches,  however,  it  will  be  necessary  to  give 
a  brief  account  of  the  appearance  and  general  characteristics  of  this  wonderful  zone  of  milky 
light.     We  follow  the  account  given  by  Sir  John  Herschel. 

In  the  northern  heavens  the  Milky  Way  is  for  the  most  part  faint.  From  Cepheus  over 
Cassiopeia,  Perseus,  Auriga,  &c.,  to  Monoceros  it  forms  a  single  stream,  save  where,  in  Perseus, 
it  throws  out  a  branch  which  can  be  traeed  as  far  as  Epsilon  of  that  constellation,  and  probably 
to  the  Pleiades  and  Hyades.  Beyond  Monoeeros,  southwards,  the  Milky  Way  becomes  broader, 
brighter,  and  more  complicated,  opening  out  in  Argo  into  a  fan-like  expansion  some  twenty 
degrees  wide.  Here  the  continuity  of  the  stream  is  interrupted,  a  broad  black  rift  extending 
right  across  the  Milky  Way  in  this  part— one  of  the  widest  and  brightest  be  it  noticed— of  its 
course.  Beyond  the  rift  there  is  another  fan-like  expansion,  whose  widest  part,  like  that  of  the 
other,  abuts  upon  the  rift.  As  the  Milky  Way  narrows  down  towards  the  head  of  this  expan- 
sion, it  becomes  brighter,  and  its  outline  is  in  places  singularly  well  marked.  In  Crux  it 
expands  again,  but  in  the  very  heart  of  this  expansion  there  is  a  large  black  space,  perfectiy 
clear  of  lucid  stars  and  of  milky  light.  This  is  the  Southern  Coalsack.  Passing  on  towards 
Scorpio,  we  find  the  Milky  Way  dividing,  close  by  a  Centauri,  into  two  branches,  of  which, 
however,  one  only  can  be  traced  as  a  distinct  branch  for  any  distance.  This  stream  passes 
northwards  over  Sagittarius,  where  it  exhibits  a  singularly  rich  condensation,  over  Aquila  where 
there  are  several  such  condensations,  and  thence,  rapidly  diminishing  in  brightness,  to  Cygnus. 
The  other  branch,  so  soon  as  it  enters  Scorpio,  exhibits  a  multitude  of  complicated  divisions, 
sub-divisions,  and  detached  portions.  Near  Antares  it  throws  a  great  projection  out  towards 
Libra,  that  is,  in  a  direction  nearly  at  right  angles  to  that  of  the  main  stream.  Another  sub- 
division, passing  towards  Serpens,  seems  to  seek  the  main  stream,  but  cannot  be  traced  quite 
up  to  it,  coming  to  an  end  a  few  degrees  to  the  north  of  the  star  Mu  Sagittaiil  Betuming  to 
the  other  stream  near  Cygnus,  we  find  it  proceeding  onwards  to  Cassiopeia,  throwing  out  a 
projection  from  Cepheus  towards  the  north  pole,  while  from  Cygnus  a  branch  extends  south- 
wards, very  rich  in  Cygnus,  but  rapidly  fading  in  brightness,  until  it  comes  to  an  end  on  the 
equator.  In  most  star  maps  this  Ivuich  is  carried  southwards  beyond  the  equator  to  meet  tiie 
branch  which  terminates  near  /i  Sagittarii.  We  have  Sir  John  Herschel's  authority  for  assert- 
iag  that  the  two  branches  do  not  meet. 

Thus,  taking  a  general  view  of  the  Milky  Way,  we  see  that  the  account  usually  given,  accord- 
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ing  to  which  the  galaxy  forms  the  complete  circuit  of  the  heavens,  and  is  double  along  one-half 
of  its  course,  is  incorrect  in  both  respects. 

It  is  necessary  to  make  a  few  remarks  respecting  the  relation  between  the  visible  stars  and 
the  galaxy.    It  is  commonly  stated  that  even  among  the  visible  stars  there  is  a  marked  increase 
of  numbers  in  the  neighbourhood  of  the  Milky  Way.    This  opinion  is  founded  on  a  statement 
made  by  Sir  John  Herschel  in  his  Outlines  of  Astronomy.     But  it  is  to  be  remarked  that  in 
hia  great  work  on  the  southern  heavens  he  asserts  the  exact  reverse.    At  p.  382  of  that  noble 
work,  he  remarks  that  on  a  general  view  of  his  statistical  researches  respecting  stellar  distribu- 
tion, *'  it  appears  that  the  tendency  to  greater  frequency,  or  the  increase  of  density  in  respect  of 
■tatistical  distribution  in  approaching  tiie  Milky  Way,  is  quite  imperceptible  among  stars  of  a 
higher  magnitude  than  the  8th,  and  except  on  the  verge  of  the  Milky  Way  itself  stars  of  the 
8th  magnitude  can  hardly  be  said  to  participate  in  the  general  law  of  increase.*'    It  is  of  the 
utmost  importance,  if  we  are  to  form  just  views  respecting  the  constitution  of  the  Milky  Way, 
that  this  discrepancy  and  the  interpretation  of  its  existence  should  be  rightly  understood.    As 
a  matter  of  fact  the  visible  stars  are  associated  with  the  Milky  Way  as  Sir  John  Herschel  re- 
marks in  his  Outlines,  but  the  association  is  of  a  peculiar  character,  its  nature  being  such  that 
in  considering  whole  zones  of  stars  parallel  to  the  galaxy,  all  trace  of  the  law  of  association  dis- 
appears, and  thus  the  account  given  in  his  work  on  the  southern  heavens  is  also  justified.    The 
lucid  stars  in  fact  follow  the  complexities  of  figure  observed  in  the  galaxy,  but  show  no  signs  of 
aggregation  towards  the  zone  to  which  the  galactic  circle  is  referable. 

Now  the  importance  of  this  fact,  which  becomes  clearly  recognisable  in  well-constructed 
charts  of  the  heavens  will  become  more  clearly  apparent  when  we  consider  Sir  William 
Herschel's  researches  into  the  Milky  Way,  and  his  interpretation  of  them. 

Adopting  as  the  basis  of  his  researches  the  hypothesis  that  the  stars  are  distributed  with  a 
general  uniformity  throughout  the  sidereal  system,  so  that  the  minute  and  closely  congregated 
stars  seen  in  the  Milky  Way  are  in  reality  as  widely  separated  as  the  lucid  orbs,  he  devised  a 
simple  plan  for  gauging  the  celestial  depths.  It  is  clear  that  if  the  sidereal  system  have  limits 
and  the  observer  use  a  telescope  powerftd  enough  to  reach  those  limits,  he  need  only  turn  his 
telescope  successively  in  different  directions,  and  count  the  number  of  stars  (of  all  orders)  seen 
in  its  field  of  view,  to  form  a  sufficiently  exact  estimate  of  the  relative  extension  of  the  system 
in  those  directions.  Where  he  sees  few  stars  there  the  limits  of  the  system  must  be  near  to 
him ;  where  many,  there  the  system  has  a  great  extension.  Now  applying  this  plan.  Sir  Wm. 
Herschel  was  led  to  the  conclusion  that  the  sidereal  system  is  of  the  figure  of  a  cloven  disc, 
the  sun  being  nearly  at  the  centre,  but  somewhat  nearer  to  its  northern  than  its  southern 
surface,  and  not  far  from  the  line  in  which  the  two  laminie  of  the  cloven  part  of  the  disc  intei^ 
sect.  Sir  John  Herschel,  applying  a  similar  series  of  researches  to  the  southern  heavens,  was 
led  to  a  conclusion  not  absolutely  identical  with  that  reached  by  his  father.  He  was  led  to 
believe  that  the  stars  down  to  about  the  loth  or  i  ith  magnitude,  that  is,  all  the  stars  within  a 
n>here  far  more  extensive  than  that  which  includes  the  lucid  orbs,  are  spread  more  sparsely 
uroughout  space  than  those  which  form  the  galactic  circle.  Instead  therefore  of  a  cloven  disc, 
the  sidereal  system  came  to  be  regarded  by  Sir  John  Herschel,  at  least  as  regards  its  richer 
portions,  as  a  cloven  flat  ring. 

According  to  both  theories,  however,  it  follows  that  the  mlHiy  light  of  the  galaxy  comes  from 
orbs  situated  at  distances  enormously  exceeding  those  which  separate  us  from  the  faintest  stars 
visible  to  the  naked  eye.  Neither  theory,  therefore,  affords  any  explanation  of  the  fact,  which 
is  placed  beyond  all  question,  that  the  aifkn  visible  to  the  naked  eye  affect  the  regions  covered 
by  the  Milky  Way.  It  is  obvious  that  the  distant  stars  of  either  theory  could  not  in  any  case, 
save  by  the  merest  accident,  seem  specially  associated  with  the  stars  visible  to  the  naked  eye, 
which  lie  at  less  than  one-eightieth  part  of  their  distance  from  us ;  and  accident  is  not  a  reason- 
able interpretation  of  repeated  coincidences  of  this  sort. 

We  seem  forced  then  to  conclude  that  the  hypothesis  on  which  the  researches  of  both  the 
Herschels  were  based  is  a  mistaken  one.  As  Sir  William  Herschel  was  led  to  suspect  towards 
the  dose  of  his  career  as  an  observer,  a  real  richness  of  stellar  aggregation  may  be  the  true 
interpretation  of  the  richer  gauges,  instead  of  an  enormous  extension  of  the  system  in  the 
direction  along  which  those  gauges  are  obtained  ;  or,  rather,  we  are  forced  to  recognise  the 
former  as  in  many  cases  the  true  interpretation. 

Unfortunately  it  is  a  legitimate  deduction  from  this  that  the  gauges  made  at  the  expense  of 
BO  much  labour  by  these  two  eminent  astronomers,  are  practically  vidueless,  at  least  in  so  far  as 
the  purpose  for  which  they  were  made  is  concerned.  If  we  have  no  reason  to  believe  that  a 
general  uniformity  of  stellar  distribution  prevails,  we  can  place  no  reliance  whntever  on  the 
Herschelian  plan  of  star-gauging.  In  counting  staiB  the  Herschels  were  in  fact  not  counting 
suns  as  they  supposed,  but  poitUt  cf  light. 
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It  may  be  qnestioned,  indeed,  whether  »  dearer  Insight  may  not  be  gained  into  the  real 
nature  of  the  Milky  Way  by  the  consideration  of  its  more  obvious  features.  If  we  contemplate 
this  wondetful  zone  as  seen  on  the  heavens  when  the  sky  is  clear,  we  may  be  led  to  recognise 
peculiarities  of  structure  which  are  markedly  opposed  to  the  theory  of  Sir  William  HerKheL 
This  is  specially  the  case  as  respects  the  brigfatcor  parts  of  the  galaxy  in  Cygnus  and  Aquila.  It 
seems  impossible  to  consider  this  part  of  the  heavens  attentively  without  being  led  to  the  oon- 
dusion  that  we  are  regarding  a  stream  of  small  stars,  with  which  the  lucid  stars  axe  most  in* 
timately  associated.  But  it  is  in  the  southern  skies  rather  than  in  our  poorer  heavens  tiiat  the 
real  character  of  the  Milky  Way  is  most  distinctly  shown.  The  id&ole  of  the  Milky  Way 
between  Argo  and  Scorpio,  as  described  and  figured  by  Sir  John  Hendiel,  forces  on  us  the 
conclusion  ^at  neither  the  doven  disc  theory  nor  the  doven  ling  theory  adequately  represents 
the  compleidty  of  the  galaxy.  Whether  we  consider  the  fan-shaped  expansions  in  Aigo  and  the 
wide  dark  rift  which  separates  them,  or  the  well-defined  boundary  of  the  Milky  Way  near 
Crux,  or  the  Coal-sadc  within  that  constellation,  or  the  complicated  structure  of  the  galaxy  OTsr 
Scorpio,  it  seems  impossible  to  accept  any  other  interpretation  than  that  the  Milky  Way  conaiste 
of  really  small  stars,  in  clustering  aggregations  of  different  figure  which  have  been  swayed  by 
the  attractions  of  the  laiger  orbs  into  their  present  position. 

For  further  information  on  the  subject  of  tiie  Galaxy  regarded  in  its  relation  to  the  sidereal 
system,  ftc.,  see  Sidereal  Syttem;  .iSStor,  dte. 

GALENA.  Native  sulphide  of  lead,  containing  86*57  per  cent,  of  lead  and  13-43  P^  ^'^^ 
of  sulphur.    It  is  the  mindpal  ore  of  lead. 

GALILEAN  TELESCOPE.  The  fonn  of  telescope  whidi  was  invented  by  Galileo.  It 
consists  of  an  object  glass  and  a  concave  eye-glass  placed  within  the  focus ;  this  oonstroctioo 
is  now  sddom  used  for  anything  but  opera  gUueee, 

GALL.    See^Oe. 

GALLIC  ACID.  An  organic  add  contained  in  most  astringent  parts  of  plants.  It  crys- 
tallises in  long  silky  needles,  slightly  soluble  in  cold  water,  but  very  soluble  in  aloohoL  Formula 
C7H0O5.  When  heated  to  215  C.  (419"*  F.)  it  decomposes  into  pyrogallic  and  carbonic  adds. 
It  is  a  weak  add,  and  forms  salts  with  bases.  The  QcMaU  of  iron  is  the  prindpal  constituent  of 
black  ink.  

GALVANIC  BATTERY.    See  Battery,  (Mvamie. 

GALVANIC  CIRCLE.  A  angle  galvanic  cell  together  with  the  interpdar  wire,  or  wire 
which  joins  the  two  metal  plates,  is  sometimes  called  a  galvanic  drde, 

GALVANIC  CIRCUIT.    See  Cirewt,  Galvanic, 

GALVANIC  CURRENT.    See  Current,  Oalvanie. 

GALVANIC  PAIR.  A  single  cell  of  a  battery  (see  Battery,  (MvafUc,)  containing  the  pair 
of  metals,  sudi  as  zinc  and  copper,  and  the  exciting  liquid,  such  as  sulphuric  add,  is  frequently 
spoken  of  as  a  Oalvanie  Pair. 

GALVANIC  PILE.    See  PUe,  Oalvanie. 

GALVANIC  SPARK.    See  Spark,  Oalvanie. 

GALVANISM.  That  part  of  electric  sdence,  whidi  is  concerned  with  current  dectridty, 
is  often  treated  of  under  the  name  Oalvaniem,  (from  Galvani,  professor  of  anatomy  at  Bologna, 
1790,  the  first  investigator  in  this  fidd.)  Galvani  was  engaged  in  examining  the  supposed 
connection  between  electridty  and  animal  life,  when  he  was  struck  by  an  obMrvation  of  his 
wife  that  the  limbs  of  some  frogs,  which  had  been  skinned  for  eating,  and,  by  chance,  placed 
near  to  an  electric  machine,  contracted  every  time  a  spark  passed  from  the  machine.  Galvani 
determined  to  pursue  the  matter  further,  and  was  soon  led  to  the  discovery  that  the  thig^  of 
a  frog,  skinned  and  suspended,  would  serve  for  a  very  delicate  dectroscope,  on  the  same  prin- 
dple  as  the  double  gold-leaf  electroscope  (q.v,)  It  was  while  employing  them  for  this  purpose 
that  he  chanced  upon  a  further  discoveiy.  He  had  suspended  some  pairs  of  limbs  upon  an 
iron  rail,  and  was  employed  in  testing  for  atmospheric  dectridty  with  their  aid,  when  he  noticed 
contraction  taking  place,  which  he  could  not  account  for  by  its  presence.  On  looking  further 
he  found  that  these  contractions  occurred  when  the  lumbar  nerves  were  connected  metalllGslly 
with  the  crural  musdes.  Galvani  immediately  attributed  the  contraction  to  dectridty,  and 
believed  that  the  electridty,  which  he  supposed  to  be  the  vital  Jluid,  passed  from  the  nerves  to 
the  muscles  by  means  of  the  metallic  connection,  and  by  its  discharge  into  them  caused  the 
motion. 

The  discovery  of  Galvani  soon  produced  a  host  of  inquirers,  and  the  hypothesis  whidi  he 
put  forward  to  account  for  it  a  host  of  opponents  and  of  supporters.  The  physiologists,  as  a 
rule,  accepted  his  theory,  and  the  most  celebrated  of  those  who  denied  it  was  Volta,  professor 
of  physics  at  Paviik  He,  noticing  that  the  contraction  in  the  limbs  of  the  frog  were  more 
vident  when  the  metallic  connection  between  the  muscles  and  nerves  is  composed  of  two 


GAL  !2ei  GAL 

metals  joined  together,  attributed  the  production  of  electricity  to  the  metala»  and  showed  that 
the  presence  of  the  limbs  of  the  frog  is  unnecessary,  in  a  way  that  will  be  explained  imme- 
diately. A  memorable  contest  thereupon  arose,  and  Galvani  finally  proved  the  eziBtenoe  of 
animal  electricity  (see  EUdridty^  Animal\  though  obliged  to  admit  that^  at  least,  part  of  the 
phenom^ia  he  had  noticed  are  not  dependent  on  it. 

The  following  is  what  is  commonly  known  as  V6Ua*t  FundamerUal  Eacperiment  .*--  Having  pre- 
pared a  bar  composed  of  a  rod  of  zinc,  and  a  rod  of  copper  joined  end  to  end,  he  held  one  end 
of  the  bar  in  his  hand,  and  applied  the  other  to  one  of  the  plates  of  his  newly-invented  condena- 
ing  electroscope  (see  Slectrotcope  and  Condenser)^  while  he  placed  the  other  nand  on  the  other 
plate.  He  Uien  removed  his  hand  from  the  electroscope  plate,  afterwards  withdrew  the 
metal  rod  from  the  other  plate,  and  finally  raised  the  top  plate  of  the  electroscope  from  the  other. 
On  doing  so,  he  found  the  electroscope  charged,  and  he  aooounted  for  the  phenomenon  by  sup- 
posing that,  at  the  junction  of  the  two  metals,  there  is  a  disturbance  of  electric  equilibrium 
-whereby  the  copper  and  zinc  become  oppositely  electrified.  He  looked  upon  the  junction  of 
the  pair  of  metals  as  the  place  where  the  electric  excitement  takes  its  rise,  and  considered  the 
limbs  of  the  frog  in  Gralvani*s  experiment  merely  as  a  conductor  through  which  a  flow  of  elec- 
tricity takes  place. 

With  this  theory  to  guide  him,  Yulta  constructed  his  pUe  in  the  year  1800.  Considering  that 
a  single  pair  of  metals-produce  but  little  effect,  he  saw  that,  by  placing  a  series  of  pairs  with  a 
conductor  between  each  pair,  he  would  obtain  a  discharge  of  increased  power.  He  therefore 
constructed  a  pUe  consisting  of  pairs  of  zinc  and  silver  placed  in  a  constant  order,  inserting 
between  each  pair  a  piece  of  cardboard  wet  with  water;  and  he  obtained  by  means  of  it 
powerful  effects  in  his  electroscope,  and  on  application  to  frogs'  limbs,  and  with  about  forty 
pairs  received  a  shock  in  the  hands  and  arms.  The  power  of  3ie  pile  remained  as  long  as  the 
cardboard  was  sufficiently  wet.  The  pile  was  de8crK)ed  in  two  letters  to  Sir  Joseph  Banks, 
which  are  in  the  Philosophical  Transactions  for  1800. 

Very  shortly  after,  Nicholson  and  Carlisle  in  England  applied  an  instrmnent,  known  as 
Kicholson's  Revolving  Boubler  (an  electric  machine  founded  upon  statical  induction,  and  fitted 
for  delicate  electric  testing),  to  the  pile,  and  showed  that  the  silver  end  is  negativ^y,  and  the 
zinc  end  positively  electrified.* 

While  experimenting  with  the  pile,  these  naturalists  had  immersed  the  ends  of  wires  coming 
from  the  extremities  of  it  in  water,  intending  to  make  the  water  a  portion  of  the  conducting 
circuit,  when  they  were  struck  by  seeing  small  bubbles  of  gas  given  off  from  one  of  them. 
This  led  to  the  disooveiT  of  electrolytic  decomposition  (see  EUctrolyns)^  and  six  years  after 
(1807),  in  the  hands  of  sir  Humphry  Davy,  to  the  decomposition  d  potash  and  oth^  oxides, 
tfll  then  supposed  to  be  elements,  and  to  the  isolation  of  the  metaU  which  correspond  to  those 
oxides. 

Nicholson  and  Carlisle  also  observed  chemical  decomposition  going  on  within  the  pile,  and 
Davy  put  forward  a  theory  which  attributes  the  electric  excitement  to  chemical  action.  This 
was  the  origin  of  the  celebrated  ChenUetd  Theory,  which  is  opposed  to  YoHa's  Contad  Theory^ 
and  which  had  for  its  supporters  Wollaston,  Parrot,  De  la  Bive,  Faraday.  There  is  still 
division  as  to  the  merits  of  the  two  theories ;  bat  the  greatest  authorities  are  in  favour  of 
Vdta's  Contact  Theory,  modified,  or  rathw  supplemented,  in  aooordanoe  with  our  present 
knowledge  of  facts,  and  with  the  known  laws  of  the  correlation  of  forces. 

The  fuidamental  principle  of  the  chemical  theoiy  is  that  in  the  chemical  action  of  a  liquid 
upon  a  metal,  the  metal  is  charged  with  negative,  and  the  liquid  with  positive,  electricity.  In 
the  case,  then,  of  the  pile  whi<£  oonafsts  of  a  seviM  of  zinc^  moistened  paper,  and  silver  discs 
arranged  as  represented-— 

-z/az/sz/s,+ 

where  Z,/,  and  S  represent  zinc,  ihiid,*  and  silver  respectively,  tlie  fint  Z  becomes  negatively 
electrifi^  and  the  first  /  positively,  at  the  surface  of  contact  between  them ;  the  fluid  by 
electrolytic  discharge  (for  a  theory  of  eleotrolytic  discharge,  see  ChmUhiumt  Bypotketis)  com- 
municates this  charge  to  the  silvw,  and  the  silver  by  conduction  communicates  it  to  the  next 
zinc  ;  at  the  second  surface  of  contact  between  the  zinc  and  fluid  a  stiU  higher  state  of  electric 
excitement  is  produced,  and  so  on,  till  finally,  between  the  last  silver  and  the  first  zinc,  a  hiffh 
difference  in  electric  state  exists,  and,  on  connecting  them  together  by  means  of  a  wire  dls- 
charge,  takes  place  through  it.    But  no  sooner  has  that  occurred  than  a  nesh  charging  by  means 

*  This  ftatemeiit  is  apparently  at  variaDce  with  the  orcUnsiy  phiaisology  which  calls  the  sflTsr  sad  of  the 
pDe  podtive,  and  the  zmo  end  negatire.  The  explanation  will  m  found  duow,  where  it  is  ahown  that  two  of 
the  plates,  an  external  sine,  and  an  external  silver  plate,  an  now  unused,  being  of  no  Importance  to  the 
aitaagement. 
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of  new  chemical  action  commences,  and  if  the  wire  be  again  applied,  a  new  diBchaige  through 
it  is  obtained ;  or,  lastly,  if  the  ends  of  the  pile  be  kept  continually  connected  by  the  wire,  oon- 
tinuoas  action  goes  on,  which  is  called  a  flow  of  electricity.  The  chemical  theory  is  very  fully 
stated  and  argued  for  in  the  treatise  on  electricity,  by  M.  De  la  Rive,  vol.  ii.,  chap.  3. 

According  to  the  contact  theoiy  of  the  pile  the  seat  of  action  ia  at  the  surface  of  contact  of 
the  two  metals.  Yolta  showed,  and  though  it  has  been  denied,  and  though  attempts  to  explain 
it  away  are  made  by  the  supporters  of  the  chemical  theory,  it  is  completely  estabHshed,  that 
on  bringing  together  two  different  metals  there  is  electrical  distturbance,  one  of  them  becoming 
positively,  and  the  other  negatively,  electrified.  Thus  we  have  seen  that  in  Volta's  funda- 
mental experiment  the  condensing  electroscope  was  charged  by  means  of  a  compound  bar  of 
zinc  and  copper.  The  zinc,  in  fact,  becomes  positively,  and  the  copper  negatively,  electrified. 
Yolta  considered  that  the  office  of  the  liquid  is  to  conduct  the  electricity,  and  constructed  his 
pile  as  represented  below — 

SZ/SZ/SZ/SZ. 

Between  the  first  silver  and  the  first  zinc  a  difference  of  electric  state  is  produced  by  the  ten- 
dency of  the  zinc  to  become  positive  with  regard  to  the  silver,  the  fluid,  being  a  conductor, 
raises  the  second  silver  to  the  same  state  as  the  first  zinc  ;  at  the  next  surface  a  further  dis- 
turbance takes  place,  and  the  second  zinc  becomes  still  more  highly  excited  in  comparison  with 
the  first  silver,  than  was  the  first  zinc  ;  the  same  occurs  throughout  the  whole  of  the  series,  and 
the  last  zinc  is  put  in  a  high  state  of  electric  excitement  with  respect  to  the  first  silver,  and  on 
connecting  with  a  wire  discharge  takes  place.  But  the  office  of  the  liquid  is  not  simply  that  of 
a  conductor,  the  discharge  through  it  takes  place  electrolytically,  chemical  action  going  on  at 
the  zinc  surface  ;  and  it  is  owing  to  this  chemical  action,  that  a  current  ia  kept  up,  the  oocor- 
rence  of  which  would  otherwise  be  at  variance  with  the  laws  of  correlation  of  forces.  Li  order 
to  complete  what  has  been  said  with  regard  to  the  construction  of  Volta's  pile,  it  is  to  be 
remarked  that  the  extreme  plates  of  zinc  and  silver  represented  above  are  unnecessaiy  ;  for  it 
will  be  noticed  that,  on  connecting  them  by  a  wire,  the  tendency  of  the  last  zinc  and  fiLret  silver 
is  opposite  in  direction  to  that  of  all  the  otiier  pairs ;  and  hence,  though  there  is  one  more  pair 
by  number,  there  is  no  additional  effect.    The  pile  complete  then  stands  thus  :— 


^Z/SZ/SZ/S-. 
C .^_^ ^ 


Experiments  on  the  contact  electricity  of  metals  were  made  by  Sir  W.  Thomson  and  Dr. 
Joule,  and  are  described  in  the  Proceedings  of  the  Literary  and  Philosophical  Society  in  Man- 
chester, and  a  more  recent  paper  on  the  same  subject  is  published  in  the  Proceedings  of  the 
Boyal  Society  for  i860. 

According  to  the  plan  of  this  work  the  various  subjects  connected  with  galvanism  are 
treated  of  under  the  various  names  which  refer  to  them.  Thus  the  articles  on  Cktrrent,  Electric; 
Battery,  Galvanic  ;  Electro-Dynamics  ;  Magjieto-Electricity,  ftc. ;  Electrotype;  Tdegraph,  Electric, 
and  so  on,  may  be  consulted  for  information  on  these  points. 

GALVANIZED  IRON.    See  Zinc. 

GAIjVANOMETER.  {fUrpoPf  a  measure.)  An  instrument  for  detecting  the  existence  of, 
and  determining  the  direction  and  the  strength  of  an  electric  current.  In  all  galvanometers 
the  principle  of  the  action  is  the  same.  It  depends  upon  the  force  which  GSrsted  discovered  to 
be  exerted  between  a  magnetic  needle  and  a  wire  carrying  a  current,  a  force  which  tends  to 
set  the  needle  at  right  angles  to  the  direction  of  the  current,  and  whose  intensity,  other  things 
remaining  the  same,  depends  directly  upon  the  strength  of  the  cuirent.  (See  ElectrO' 
dynanUet.) 

There  are  several  forms  of  galvanometer ;  of  these  the  aetatie  galvanometer  is  described  under 
its  more  common  name  of  Multiplier,  Here  we  shall  give  an  account  of  the  Tangent  Oalvan' 
ometer,  the  E^/lecting  Oalvanometerf  and  the  Marine  Galvanometer, 

(a.)  The  Tangent  Galvanometer,  In  this  instrument  a  very  short  needle  is  delicately  sup- 
ported so  as  to  move  in  a  horizontal  plane  over  iTcircle  divided  into  degrees.  The  point  upon 
which  the  needle  turns  is  placed  at  the  oentire  of  a  vertical  drde  of  very  thick  copper  wire 
through  which  the  current  passes,  entering  and  leaving  it  by  two  binding  screws.  The  length 
of  the  needle  is  not  more  than  a  tenth  of  the  diameter  of  the  copper  circle,  and  for  convenience 
of  observation  very  light  pointers  are  frequently  attached  to  its  ends.  In  order  to  use  the 
instrument  it  is  placed  with  the  plane  of  the  vertical  circle  parallel  to  the  line  in  whidi  the 
needle  points,  that  is,  to  the  magnetic  meridian,  and  the  current  is  sent  through  the  circuit. 
The  needle  is  deviated  to  one  side  or  other,  and  from  noting  to  which  side  the  north  end  goes 
the  direction  of  the  current  is  determined  according  to  Ampere's  rule,  {q.  v.) ;  the  angle  of 
deviation  is  also  noted,  and  from  this  the  Mtrengtk  of  the  current  is  inf eired.     For  it  admits  of 
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proof  that  in  the  instniment  we  have  described,  if  the  length  of  the  needle  be  small  compared 
with  the  diameter  of  the  circle  in  which  the  current  passes,  then  the  strength  of  the  current  is 
proportional  to  the  temgent  of  the  angle  through  which  the  needle  turns.  Hence  the  name  Tangent 
GalvonomeUr. 

ifi)  In  the  Be/lecting  Galvanometer  of  Sir  William  Thomson  a  very  small,  %ht  needle,  made 

of  a  short  piece  of  fine  watch-spring,  is  suspended  by  a  single  silk  fibre  at  the  centre  of  a  coil  of 

insolated  copper  wire.    To  the  needle  a  very  light  mirror  two  or  three  tenths  of  au  inch  in 

diameter  is  cemented,  the  needle,  mirror,  and  cement,  together  weighing  but  a  few  grains.     The 

mirror  is  ooncave  and  concentntes  a  beam  of  light  to  a  focus  about  40  inches  (i  metre) 

distant.    At  this  distance  is  placed  a  horizontal  scale  with  a  slit  at  the  centre  and  a  lamp  behind 

it,  and  the  image  of  the  slit  reflected  back  by  the  mirror  falls  upon  the  scale  and  indicates  in 

tiiis  way  the  position  of  the  needle.     Either  by  means  of  the  action  of  terrestial  magnetism, 

or  'with  the  assiBtance  of  fixed  magnets,  the  length  of  the  needle  in  its  natural  pocdtion  is 

parallel  to  the  plane  of  the  coils  of  the  wire,  and  from  what  has  been  said  it  will  be  understood 

that  a  current  passing  through  the  wire  deflects  it ;  the  angle  through  which  it  turns  depending 

upon  the  strength  of  the  current.    It  is  easy  to  show  that  the  angle  read  off  on  the  scale  is 

double  of  that  through  which  the  needle  turns. 

(7)  The  Marine  Galvanometer  is  also  an  invention  of  Sir  W.  Thomson.  It  is,  in  fact,  a  re- 
flecting galvanometer  peculiarly  adapted  to  use  at  sea ;  an  instrument  being  required  in  the 
laying  of  submarine  cables  which  should  be  at  the  same  time  of  the  utmost  delicacy  for  testing 
purposes,  and  should  not  be  affected  by  the  movements  of  the  ship.  The  general  construction 
of  the  marine  galvanometer  is  much  the  same  as  that  of  the  instrument  we  have  just  described. 
The  mode  of  suspension  of  the  needle  differs  in  that  the  needle  and  mirror  are  attached  to  a 
vertical  silk  fibre  stretched  between  two  points,  the  line  of  suspension  passing  as  accurately  as 
possible  through  the  centre  of  gravity.  The  mirror  and  needle  weighing  only  a  few  grains,  the 
rolling  of  the  ship  does  not  alter  their  position  so  far  as  the  instrument  is  concerned.  In  order 
to  avoid  the  influence  of  the  magnetism  of  the  earth  and  of  the  ship  the  whole  instrumoit  is 
enclosed  in  a  case  of  wrought  iron  having  only  a  window  in  front  for  the  light  to  pass  through 
to  the  mirror.  The  adjustment  of  the  mirror  to  zero  is  accomplished  by  means  of  magnetic 
ban  placed  inside  the  case ;  and  the  position  of  them  can  be  altered  by  means  of  screws  so  as 
to  make  the  instrument  more  or  less  sensitive  as  required. 

Besides  the  instruments  which  we  have  described  there  are  a  few  others  which  are  more 
rarely  employed.  Thus  there  is  the  Sine  Galvanometer^  whose  construction  is  much  like  that  of 
the  tangent  galvanometer,  but  the  method  of  using  which  is  somewhat  different.  Thn  name  is 
derived  from  the  fact  that  the  strength  of  the  current  is  proportional  to  the  tine  of  the  angle 
observed. 

There  are  also  indieatori  which,  without  measuring  a  current,  show  that  there  is  or  that  there 
is  not  a  current  passing  through  them ;  and  there  are  d^fferentud  galvanometers  in  which  two 
currents  act  upon  the  needle  at  once,  tending  to  turn  it  in  opposite  directions,  and  their  strength 
are  compared  by  means  of  the  instrument ;  but  for  description  of  these  we  must  refer  the 
reader  to  the  various  detailed  works  upon  the  subject  of  electricity. 

GAMUT,  or  Musical  Scale,  If  two  notes  are  sounded  together  the  ear  is  gratified 
when  the  number  of  vibrations  per  second  of  the  one  note  stands  in  some  simple  arithmetical 
relation  to  that  of  the  other.  Hence  if  we  start  with  a  note  which  consists  of  say  132  vibra- 
'tions  per  second  (C),  and  examine  the  notes  whose  vibrations  stand  in  the  simplest  relations  to 
this,  we  find  a  series  of  numbers,  i6i,  33,  66,  132,  264,  528,  &c.,  each  of  which  is  the  double  of 
the  preceding  number  and  half  of  the  succeeding  one.  Each  note,  therefore,  ib  an  octave  above 
one  and  below  the  other  of  its  neighbours^  and  any  two  will  form  a  harmonious  combination 
when  sounded  simultaneously.  In  general  terms,  if  m  be  the  number  of  vibrations  of  a  given 
note,  the  number  of  vibrations  of  a  note  n  octaves  above  it  will  be  m  2' ,  and  that  of  a  note  n  octaves 

below  will  be  r; .    In  musical  instruments  whose  notes  are  limited  in  number  and  definite,  the 

interval  between  one  of  these  fundamental  notes  and  its  neighbouring  octave  is  divided  into 
twelve  intervals.  The  method  employed  is  either  that  of  ''equal  temperament"  or  that  of  as 
far  as  Ibi  possible  harmonio  division.     In  the  first  system,  eveocy  note  must  have  J*^  or  i'05964 

times  as  many  vibrations  as  the  lower  neighbouring  note.  In  the  harmonio  division  of  the 
octave  interval  certain  leading  notes  are  fixed  in  the  interval,  whose  pitch  bears  the  simplest 
possible  relation  to  the  two  extremes,  as  5/6,  4/5,  3/4,  2/3,  and  the  remaining  notes  are  inter- 
polated in  such  a  manner  that  the  secondary  notes  may  have  as  nearly  as  possible  a  similar 
nmple  reUtion  to  one  another.  These  subdivisions  are  not  always  the  same.  The  method  of 
division  by  equal  temperament  promises  to  supersede  the  others. 
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GAS  BATTEBT.  In  this  form  of  batteiy,  oonrtnicted  by  Grove,  advantage  is  taken  of  the 
cnzrent  produced  when  two  platea  of  platmnm,  which  have  been  need  as  eledrodeB  In  a  oell  for 
deoomposing  water,  are  connected  together.  Let  two  such  phites,  one  of  whidi  has  f onned  the 
negative  electrode,  or  thftt  at  which  hydrogen  is  given  ofi^  and  the  other  the  positive  electrode 
at  which  oxygen  is  liberated,  be  placed  in  water  addiilated  with  snlidlniric  add,  and  let  them  be 
connected  wiUi  the  teiminals^f  a  galvanometer,  it  will  be  foond  that  a  conent  proceeds  from 
the  hydrogen  plate  through  the  liquid  to  the  oxygen  plate.  The  explanation  of  this  phenomenon 
is  that  hydrogen  and  oxygen  are  deposited  on  the  platinum  plates  in  an  active  conmtion  during 
the  deoon^xMition  ol  water.  (See  Plata,  PUarizaHon  of.)  The  hydrogen  has  a  groat  tendency 
to  combine  with  oxygen,  and  the  oxygen  a  great  tendency  to  combine  with  hydrogen.  This 
gives  rise  to  chenuod  action  and  a  current  between  the  plates.  The  gas  batteiy  constructed 
to  utilise  this  cnzrent  consists  of  cells  which  are  constructed  in  the  following  way :  Two  long 
glass  tubes,  closed  at  one  end,  each  having  a  platinum  ribbon  extending  along  its  whole 
kngth,  and  supported  by  a  platinum  wire  passing  through  the  dosed  end  of  ^  glan,  are  filled 
and  inverted  in  a  suitable  vessel  containing  sulphuric  add  and  water,  and  by  means  of  the  wires 
passing  through  the  glass  a  batteiy  is  apimed,  and  the  tubes  are  filled,  one  with  oxygen,  the 
other  with  hydrogen.  (See  Electrolytis.)  The  batteiy  is  then  cast  off,  and  if  the  wires  from 
the  tubes  contaimng  the  gases  be  connected  with  the  galvanometer,  a  current  is  observed  to 
take  place  as  has  been  described.  At  the  same  time  the  gas  in  the  tnb^  is  seen  to  be  oonsnmedk 
and  it  is  gradually  turned  into  water  again,  the  current  flowing  till  all  the  gas  has  been  used  up. 
The  gas  battery  is  made  by  connecting  several  of  their  cells  together,  oxygen  to  hydrogen,  and 
then  irnmrfng  the  current  through  them  all  at  once  from  a  sufficient  battery.  With  eight  or  ten 
cells  sparks  may  be  obtained,  and  the  ordinaiy  phenomena  of  chwmifial  decomposition  may  be 
exhibited. 

GASES,  ABSORPTION  OF,  BT  SOLIDS  AND  LIQUIDa  {AbaoHHo,  to  suck  up.) 
Absorption,  whidi  plays  so  important  a  part  in  the  arrangement  of  nature,  appesn  to  be  a  sort 
of  penetration  of  the  mdecnles,  or  rather  of  minute  portions,  of  one  kind  of  matter  within  pores 
or  interstices  of  another.  When  a  porous  body  soeh  as  charcoal  is  placed  under  favourable  or- 
cumstanoes  in  a  vessel  containing  a  gas  or  vapour,  it  has  the  power  of  oondendng  within  its 
pores  an  enonnous  yolume  of  the  gas  or  vapour,  frequently  of  «limi««lii«g  the  bulk  of  the  gaa 
which  it  takes  up,  to  an  extent  greater  than  that  which  would  turn  the  gas  into  a  liquid ;  and 
this  absorption  is  not  a  chemical  action,  thon^  the  amount  of  it  depen£  on  the  nature  of  the 
solid  or  liquid,  and  on  the  nature  of  the  gas,  for  the  chemical  properties  of  ndther  is  «»>iMig*Ml^ 
and  the  gas  may  be  wholly  or  almost  wholly  recovered  with  the  aid  of  an  air-pump. 

Charcoal  i»  a  body  which  has  a  very  great  absorptive  power.  De  Sanssuro  in  i8i2  made  a 
series  of  experiments  with  that  body,  and  his  results  have  been  oonfiimed  and  extended  by  Dr. 
B.  A.  Smitii  and  Mr.  Hunter.  Mr.  Hunter  has  made  a  httve  number  of  experiments  on  the 
subject  which  are  pubUshed  in  the  PhiSc§opkieal  Magadne,  1063  and  1865,  and  in  the  Jourwd 
qf  the  CkenUcal  Society  for  1865,  1867,  and  186S.  The  latter  are  concerned  with  the  abscnptioii 
of  the  yapouis  of  bodies,  liquid  or  soUd,  at  ordinaiy  temperatures.  In  the  following  table  by 
Saussure,  taken  from  Miller's  ElemenU  of  CKtmMliry,  the  volumes  of  different  gases  absorbed 
by  freshly-burned  boxwood  diarooal  are  given,  the  volume  of  the  charcoal  bdng  taken  as  i. 
llie  experiment  is  made  by  introducing  diarooal  red-hot  under  the  surface  of  mercury,  and, 
without  exposing  it  to  the  air,  passing  it  into  a  veasd  inverted  over  the  mercoiy  and  oontaining 
the  gas.    The  diminution  of  volume  is  thus  noted : — 

ABBOBFnoir  or  Gabib  bt  Chabcoal. 

Ammonia^       •        •       • 
Hydrochlorio  Add, 
Siidphurous  Add  G^as, 
Sulphuretted  Hydrogen, 
Nitrous  Oxide, 
Carbonic  Add  Gas, 

Different  kinds  of  charcoal  have  different  powers  of  absorption.  Thus  Hunter  showed  that 
while  boxwood  charcoal  absorbs  85*6  volumes  of  ammonia  gas,  logwood  charcoal  absorbs  111*3 
vols.,  ebonv  charcoal,  1067  vols.,  and  charcoal  made  from  the  eJiell  of  the  cocoa-nut,  171*7  vols. 

But  by  far  the  most  interesting  case  of  absorption  by  soUds  is  that  of  the  absorption  of  gases 
by  the  metals.  For  the  investigation  and  exphmation  of  what  we  now  know  on  the  subject,  we 
are  indebted  to  the  late  Master  of  the  Mint,  Professor  Graham.  Ihe  powers  whidi  spongy 
platinum  has  of  condensing  gases  at  its  surface  has  long  been  known.  A  jet  of  hy(&ogen 
allowed  to  fall  upon  a  small  mass  of  spongy  platinum,  by  its  oondensation  raisei  tiie  platinum 
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65 

Oxygen,  .        ,        •        . 

.       9« 

55 
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40 
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to  an  inteiise  heat,  and,  if  there  be  oxygen  present,  becomes  ignited.  This  fact  is  made  use  ot 
in  the  Dobereiner's  lamp.  Or  if  a  slip  of  platinum  foil  be  held  in  the  flame  of  a  Bunsen's 
burner  till  it  is  thoronghlydeaned,  and  if  the  flame  be  then  extinguished  and  the  foil  be  allowed 
to  hang  within  the  tube,  while  the  eas  mixed  with  air  rises  aronnd  it,  it  will  be  found  to  glow 
for  any  length  of  time  for  a  similar  peason.  But  Deville  and  Troost  showed  Uiat  hydrogen  is 
absorbed  into  iron  and  platinmn  when  hot,  and  Graham,  in  May  1867,  showed  that  meteoric  iron 
ocmtains  hydrogen,  having  been  probably,  if  not  certainly,  cooled  in  an  atmosphere  of  that  gas. 
Graham  showed  also  that  hydrogen  gas  passes  through  heated  platinum.  He  found  that  through 
ft  plate  ol  platinum,  in  size  one  square  metre  and  I'l  millimetre  thick,  489*2  cubic  centunetres 
of  the  gas  passed  in  one  minute.    He  considered  that  the  gas  was  absorbed  as  a  liquid  and  then 

S'ven  oat  on  the  other  side.  On  examining  the  power  of  absorption  for  hydrogen  of  platinum  in 
fferent  forms  he  found  wrought  platinum,  when  heated  and  allowed  to  cool  in  the  gas,  to  take  up 
5*53  volumes ;  hammered  platinum,  2*28  to  379  vols. ;  fused  platinum,  0*171  of  its  own  volume. 
Oxygen  and  the  other  gases  are  scarcely,  if  at  aU,  absorbable  by  the  metal.  In  the  case  of  palla- 
dium, however,  he  was  led  to  a  most  unexpected  result.  In  a  paper  of  May  1868  he  showed  that 
palladium,  when  made  the  negative  electrode  of  a  galvanic  battery,  so  that  hydrogen  is  set  free 
npon  its  surface,  takes  up  935  volumes  of  the  gas,  or  0*723  parts  by  weight ;  that  the  properties 
of  palladium  are  much  altered  by  the  absorption  of  hydrogen,  and  concluded  that  hydi^en  thus 
condensed  becomes  a  metal  whidi  he  names  hydrogenium,  and  whose  specific  gravity  he  calcu- 
lated as  I  '708.  Graham  was  led  by  these  and  similar  experiments  to  the  division  of  metals 
into  crystalloid  and  colloid,  and  believed  that  the  passage  of  hydrogen  into  palladium  is  analogous 
to  the  diffusion  of  a  liquid  through  a  colloid  body.  We  must  refer  the  reader  for  details  on  this 
most  interesting  subject  to  his  papers  published  in  the  Proceedings  of  the  Itoyal  Society,  which 
we  have  mentioned  above,  and  to  two  read  in  January  and  June  1869. 

On  the  subject  of  the  aJMorjytion  of  gases  by  liquids  the  researches  of  Bunsen  are  by  far  the 
most  complete.  Bunsen  examines  the  laws  of  absorption  of  a  gas  by  a  liquid  when  the  bodies 
do  not  act  chemically  upon  each  other.  He  determined  the  value  of  what  is  called  the  coefficient 
ofabBorption  for  Various  gases ;  that  is,  the  quantity  of  the  gas  which  is  absorbed  by  the  unit 
volume  oi  a  given  liquid  at  standard  temperature  (d*  C,  32**  F.),  and  pressure  (760^^,  29*92'"-), 
and  established  the  laws  according  to  which  the  amount  of  absorption  is  altered  by  a  chuige  in 
temperature  and  pressure.  The  following  table  from  Miller's  Elementi  qf  Chemittry  gives  the 
ooeffidents  &l  absorption  for  various  gases  in  water  and  alcohoL  The  results  are  those  of 
Bunsen  and  Carius  :— 


Ammonia,  .  • 
Hydrochloric  Add  Gbb, 
Sulphurous  Add  Gas, 
Sulphuretted  Hydrogen, 
Carbonic  Add  Gas^ 
Nitrous  Oxide,  • 
Olefiant  Gas,  • 
Nitric  Oxide,  • 
MarshGas,  . 
Carbonio  Oxide,  • 
Oxygen,  • 
Nitrogen,  •  • 
Air,  .  •  • 
UydxQgen,     •       • 


Volumes  of  Gas  Absoibed  by 

one  Volume  of 

Water. 

AlcohoL 

1049*60 

... 

Wi 

... 
328*62 

4-3706 

17-891 

1-7967 

43295 

1-3052 

0*2563 

41780 

35950 

•  •• 

0*31606 

0*05449 

0-52259 

0*03287 

020443 

0-041 14 

0-28397 

0-02035 

0-12634 

0-02471 

•  «  • 

ox>i93o 

0-0692$ 

Bunsen  showed  that  if  the  temperature  is  constant  the  wdffht  of  the  gas  absorbed  varies 
directly  with  the  pressure,  a  law  whidi  was  given  first  by  Dr.  Henry ;  and  that  the  quantity  of 
the  gas  absorbed  diminishes  with  the  pressure ;  and  he  gave  a  formula,  with  constants  obtidned 
by  observation,  for  calculating  the  quantity  absorbed  at  any  temperature,  the  pressure  remaining 
constant.  We  must  refer  the  readers  to  Bunsen's  original  papers  in  Liebig's  AnnaUn,  and  in  the 
PkUotophdcal  Magaeiine,  1855,  and  to  Qatometnc  MethodifOj  B,  Bunsen,  translated  by  Bosooe^ 
for  details  and  numbers. 

When  a  mixture  of  gases  is  in  contact  with  a  liouid  the  amount  absorbed  of  each  is  propor- 
tional to  its  volume  la  the  mixture  multiplied  by  its  coeffident  of  absorption,  corrected,  of 
course,  for  temperature  and  pressure.  Thus,  in  the  case  of  common  air,  dissolved  in  water,  the 
proportion  61  oxygen  to  that  of  Ditrogen,  at  60^  F.,  is  40  to  66 ;  while  the  oonstitnents  of  air 
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are  mixed  in  the  proportion  of  I  to  5,  ronghly  speaking.    This  observation  will  be  found  to  agree 
-with  the  rule  just  given. 

In  nature  the  absorption  of  gases  by  liquids  is  of  the  highest  importance.  It  is  by  the  air 
absorbed  in  water  that  submarine  plants  and  animals  are  sustained.  The  life  of  trees  depends 
upon  the  absorption  of  carbonic  acid  from  the  air  ;  and  in  the  lungs  of  the  higher  ■^nimn.la  it  is 
by  absorption  that  oxygen  is  communicated  to  the  blood. 

GAS,  DIMINUTION  OF  LIGHT  OF,  BY  ADMIXTURE  OF  AIR,  See  JHnUnuium 
of  Light  of  Gas  by  Admixture  of  Air. 

GAS-ENGIN£.  This  name  is  given  to  a  class  of  engines  of  small  power  which  are  worked 
by  the  ignition  of  coal  gas  mixed  with  air.  There  are  several  varieties  in  common  use ;  the 
main  features  however  are  the  same  in  all.  The  construction  of  a  gas-engine  is  usually  the 
same  as  a  horizontal  steam-engine  in  all  respects,  excepting  in  the  parts  for  conveying  alter- 
nately to  the  right  and  left  of  the  piston  gas  instead  of  steam.  The  gas  is  not  usually  1^  from 
the  main  directly  into  the  cylinder,  but  is  admitted  in  measured  quantities  into  a  kind  of  veasel 
from  which  it  passes  first  into  a  small  mixing  chamber,  where  it  is  mixed  with  the  required 
quantity  of  air,  and  then  into  the  cylinder,  its  admission  being  governed  by  a  slide  valve.  In 
some  engines,  of  which  the  Lerunr  gas-engine  may  be  taken  as  the  type,  the  gas  is  ignited  by 
an  electric  spark  which  is  caused  to  pass  at  the  proper  instant  within  the  cylinder.  In  the 
Hugon  engine  the  ignition  is  effected  bv  two  small  gas-jets  carried  in  the  recesses  of  the  slide 
valve,  one  for  each  end  of  the  cylinders.  These  jets  are  supplied  with  gas  by  short  flexible 
tubes  which  accommodate  themselves  to  the  movement  of  the  valve.  Each  jet,  as  it  in  turn 
efifects  the  ignition  of  the  explosive  mixture,  is  extinguished  ;  but  at  each  stroke  the  recesses 
containing  the  gas-jets  are  brought  outside  the  respective  ends  of  the  faces  between  whidi  the 
valve  works  where  the  moveable  jets  are  re-lit  by  fixed  jets  which  are  kept  permanently  burning. 
A  spray  of  water  is  admitted  into  the  cylinder  at  each  stroke,  and  being  converted  by  the  heat 
of  the  cylinder  into  steam  adds  to  the  power  of  the  engine,  and  acts  as  a  lubricator. 
GASES,  ELASTICITY  OF.     See  Elasticity  of  Gases, 

GASES,  INDEX  OF  REFRACTION  OF.     Gases  refract  light  which  enters  them  tiom 
a  medium  of  different  density,  as  in  the  case  of  solids  and  liquids.    (See  TabU  qf  Refractive 
Indices  of  Gases;  Befrctction^  Index  of.) 
GASES  OF  BLAST  FURNACES.    See  Iron. 

GASES,  RESISTANCE  OF,  TO  MOVING  BODIES.    See  Eetittanee  of  Gases  to  Moving 
Bodies. 
GASES,  SIDE  PRESSURE  OF  MOVING.     See  Side  Pressure  of  Moving  Gases. 
GASES,  SPECTRA  OF  INCANDESCENT.    See  GeissUr's  Tubes. 
GASES,  WEIGHT  OF.     See  Weight  of  Gases. 

GASOMETER  is  the  name  usually  given  to  the  apparatus  employed  in  laboratories  tot 
collecting,  storing,  and  approximately  measuring  considerable  quantities  of  gases.  It  is  also 
used  for  the  large  reservoir  employed  for  collecting  and  distributing  coal  gas  used  for  illumina- 
ting purposes.  The  gasometer  of  the  laboratory  consists  essentially  of  an  iron  cylindrical  vessel 
closed  at  top  and  bottom,  above  which  is  supported  a  cylindrical  trough.  A  hole  near  the 
bottom  of  the  (^linder  can  be  closed  by  a  screw  (a.)  Near  the  top  of  the  cylinder  is  a  cock  (b)  com- 
municating with  the  outer  air.  Two  tubes  communicate  between  the  cylinder  and  the  trough ; 
the  one  (c)  reaches  dovni  to  the  bottom  of  the  cylinder,  the  other  {d)  passes  only  just  through  its 
upper  end ;  both  are  provided  with  cocks.  Finally,  a  glass  tube  running  parallel  to  ihe  cyUnder 
and  close  to  its  side  communicates  with  the  top  and  bottom  of  it.  This  serves  as  a  gauge  for 
seeing  how  full  the  gasometer  is  of  gas.  If  the  gasometer  be  filled  with  water,  and  all  the  cocks 
be  shut,  the  screw  |^ug  (a)  may  be  opened  without  the  water  coming  out  on  account  of  the  atmce- 
pheric  pressure.  The  end  of  a  gas  delivery  tube  may  be  insert^  into  this  hole  and  the  gas 
collected ;  water  of  course  flows  out  at  the  hole.  When  the  vessel  is  full  the  plug  may  be  in- 
serted and  the  upper  trough  filled  with  water.  On  opening  the  cock  {c)  the  air  in  the  gasometer 
will  be  put  under  pressure,  and  it  maybe  collected  or  used  as  it  issues  by  opening  the  cocks,  (6,  or  d.) 
GASSIOT'S  TUBES.  See  Vacuum  Tubes. 
GAUSS'  MAGNETOMETER.    See  Balance,  BifOar. 

GEISSLER'S  TUBES.  (So  named  from  the  manufacturer.)  When  gases  are  highly  rari- 
fied  they  conduct  electricity  of  high  tension,  and  the  minute  residue  of  each  particular  gas 
remaining  in  a  so-called  vacuum  gives  very  characteristic  colours,  and  spectrum  phoiomena.  A 
Greissler's  tube  consists  of  a  hard  glass  tube  containing  what  is  technically  known  as  an  oxygen 
vacuum,  a  nitrogen  vacuum,  a  hydrogen  vacuum,  a  carbonic  add  vacuum,  &c.,  and  furnished 
at  each  end  with  a  platinum  wire  passing  through  the  glass.  The  inner  extremities  of  the 
platinum  are  generally  connected  with  aluminium  wire.  If  a  Geissler^s  tube  is  contracted  in 
any  portion  the  luminous  appearance  is  greatly  intensified,  and  if  glass  of  different  compositian 
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is  employed  for  different  portions  of  the  tube  (Uraniam  glass  for  instance),  the  phenomena  of 
fluoresoence  and  consequent  change  of  tint  are  very  striking.  For  exhibition  these  tubes  are 
made  of  an  endless  variety  of  forms  and  shapes  and  contain  spirals,  crosses,  globes,  vases,  and 
other  devices  inside  them.  The  current  \b  supplied  from  an  induction  coil,  and  when  of  appro- 
priate strength,  and  the  vacuum  tube  suitable,  very  beautiful  stratifications  are  seen  to  cross  the 
tube.  The  light  from  a  carbonic  acid  vacuum  enclosed  in  a  narrow  spiral  tube,  is  sufficiently 
powerful  to  be  used  as  an  illuminating  agent,  under  special  circumstances  where  other  sources 
of  light  would  be  inapplicable,  such  as  for  illuminating  cavities  in  the  human  body  for  surgical 
operations.  When  the  light  from  these  tubes  is  examined  in  the  spectroscope,  it  gives  a  spectrum 
peculiar  to  each  gas.  Under  certain  conditions  of  temperature  and  pressure,  the  spectrum  of 
some  gases  suddenly  changes.  (See  Spectra  of  the  Fir$t,  Second,  and  Third  Order;  see  also 
Spectroscope ;  Spectrum  Analyns  ;  Vacuum  Tubes.) 

GELATIN.  A  pale  yellow  translucent  substance,  somewhat  elastic  and  vitreous,  obtained 
from  bones,  cartilage,  and  other  animal  substances.  Isinglass  is  a  veiy  pure  kind  of  gelatin 
obtained  from  the  sturgeon,  while  common  glue  is  an  impure  kind  obtained  from  refuse  animal 
matter.  Gelatin  is  insoluble  in  cold  water,  but  swells  and  increases  very  much  in  weight  after 
soaking  in  it,  forming  a  jelly.  This  dissolves  in  hot  water.  A  veiy  dilute  solution  of  gelatin 
has  the  property  of  gelatinising  when  cold,  but  prolonged  boiling  destroys  this  power.  The 
composition  of  gelatin  is  not  de&iitely  ascertained. 

GEMINI.  (The  Twins.)  A  sign  of  the  Zodiac.  The  sun  enters  this  sign  on  about  the 
2lBt  of  May,  leaving  it  on  about  the  2iBt  of  June.  Also,  a  constellation,  occupying  the 
zodiacal  region  corresponding  to  the  sign  Cancer.  The  principal  stars  of  this  constelhition 
must  have  varied  little  in  relative  brilliancy  since  the  time  when  their  quality  first  suggested 
the  name  of  the  asterism,  as  they  are  at  present  nearly  equal  in  lustre.  Pollux  is  slightly  the 
brighter,  however.  It  is  a  coarse  quadruple  star.  Castor  is  one  of  the  finest  double  stars  in 
the  heavens. 

GEOCENTRIC,  (y^,  the  earth;  and  Kiyrpop,  centre.)  A  term  used  in  astronomy  to 
express  the  position  or  motions  of  the  various  members  of  the  solar  system  referred  to  the 
earth's  centre.  The  apparent  motion  of  the  moon,  as  seen  from  any  place  on  the  earth's  surface, 
differs  appreciably  from  the  moon's  calculated  geocentric  motion.  As  regards  the  other  mem- 
bers of  the  solar  system,  however,  the  geocentric  motion  is  not  considered  by  way  of  comparison 
with  the  apparent  motion,  but  as  distinguished  from  the  Jieliocentric  motum,  (q.v.)  The. 
geocentric  longitude  of  a  planet  is  the  angle  included  between  two  planes,  both  passing  through 
the  earth's  centre  and  at  right  angles  to  the  ecliptic  plane,  one  passing  through  the  planet's 
centre  and  the  other  through  the  first  point  of  Aries.  It  is  measured  from  the  first  plane  to 
the  second,  in  the  order  of  the  signs.  The  geocentric  latitude  of  a  planet  is  the  angle  which  a 
line  joining  the  centres  of  the  earth  and  planet,  makes  with  the  plane  of  the  ecliptic,  and  is 
reckoned  north  or  south,  according  as  the  planet  lies  to  the  north  or  the  south  of  the  ecliptic. 

GEODESY.  (7^,  the  earth ;  and  dcUUf  to  divide.)  In  modem  science,  geodesy  compre- 
hends all  those  geometrical  and  trigonometrical  processes  by  which  the  earth's  surface  is 
measured  and  surveyed.  It  is  on  the  comparison  of  such  measurements  with  the  results  of 
astronomical  observations  indicating  the  relation  between  the  points  measured  and  the  celestial 
sphere,  that  the  determination  of  the  earth's  figure  principally  depends.  Thus  geodesy  will  tell 
us  that  a  certain  line,  measured  from  north  to  south,  has  a  determinate  length,  but  not  what  its 
figure  may  be ;  astronomy,  by  showing  that  the  horizon-plane  at  one  end  of  the  line  differs  in 
position  from  the  horizon-plane  at  the  other,  and  also  that  this  change  of  position  of  the 
horizon-plane  accrues  unif<nmly  along  the  line,  shows  that  the  line  is  the  arc  of  a  circle.  The 
description  of  the  instruments  used  in  geodesy  belongs  to  mathematics,  rather  than  to  physical 
scienoe ;  but  many  physical  considerations  have  to  be  very  carefully  attended  to  in  geodesy. 
Amongst  these  we  may  note  in  particular — (i.)  Those  which  determine  the  laws  of  the  expan- 
sion and  contraction  of  metals  under  variations  of  temperature,  (see  Expantion) ;  and  (2.)  The 
effects  of  atmospheric  refraction  under  different  drcumstanoes  of  pressure,  temperature,  and 
humidity. 

GEOKGIUM  SIDUS.  The  name  given  by  Sir  Wm.  Herschel  to  the  planet  Uranus, 
which  he  discovered.    The  name  has  long  since  oeoome  obsolete. 

GEOSTATIC  ARCH.    See  Arch. 

GETSERS.  (Derived  from  an  Icelandic  word,  signifying  roaring.)  Hot  springs  in  Ice- 
land, which  project  masses  of  hot  water,  earth,  &c.,  at  intervals  from  their  depths.  These 
springs  follow  the  range  of  active  volcanoes  belonging  to  the  JokuU  or  Icy  Mountains.  Pro- 
fessor Tyndall  thus  describee  the  chief  characteristics  of  the  region  where  the  Geysers  are  found. 
"From  the  ridges  and  chasms  which  diverge  from  the  mountains  enormous  masses  of  steam 
issue  at  intervids,  hisBing  and  roaring ;  and  when  the  escape  occurs  at  the  mouth  of  a  cavern, 
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the  resonance  of  the  cave  often  raises  the  sonnd  to  the  loudness  of  thnnder.  Lower  down,  in 
the  more  porous  strata,  we  have  smoking  mud-pools,  where  a  repulsive  blue-black  aluminous 
paste  is  boiled,  rising  at  times  in  huge  bubbles,  which,  on  bursting,  scatter  their  slimy  spray  to 
a  height  of  15  or  20  feet.  From  the  base  of  the  hills  upwards  extend  the  glaciers,  and  aboTe 
these  are  the  snow-fields  which  crown  the  summits.  From  the  arches  and  fissures  of  the 
fflaciers  vast  mafwes  of  water  issue,  falling  at  times  in  cascades  over  walls  of  ice,  and  spreading 
for  miles  over  the  country  before  they  find  definite  outlet."  It  is  beneath  the  morasses  thus 
formed  that  the  volcanic  rocks  lie,  to  whose  heat  the  production  of  the  Geysers  is  piimazily 
due. 

The  explanation  of  the  phenomena  presented  by  Geysers  is  due  to  BrofesMxr  Bunsen.    It  may 
be  thus  presented  : — ^Beneath  a  geyser^basin  there  is  a  tube  filled,  as  is  the  basin  in  part,  with 
water  at  a  high  temperature.     With  the  processes  which  have  led  to  the  formation  of  this  tube 
we  are  not  here  concerned  :  it  ii  necessary  to  note,  however,  that  the  tube  is  communicated 
with  by  ducts  from  below,  in  which  steam  is  generated  from  time  to  time  by  the  heat  of  the 
subjacent  rock.     But  although  the  water  in  the  tube  is  always  hot,  yet  we  must  conceive  of  it 
as  not  heated  at  any  time  (not  even  just  before  an  explosion)  to  the  boiling  point  due  to  the 
pressure  at  each  level  throughout  the  tube.    The  water  is  hottest  at  the  bottom  of  the  tube 
where  the  pressure  is  greatest,  and  therefore  the  boiling  point  highest   From  this  point  upwaids 
the  heat  diminishes,  but  less  rapidly  below  than  higher  up.    Hence  at  a  certain  height  the  heat 
approaches  the  boiling  point  nearer  than  at  any  height  either  above  or  below  that  point.    Now 
let  us  consider  the  reralt  of  this  state  of  things.     It  is  probable  that  if  nothing  occurred  to 
interfere  with  the  heating  process,  the  boiling  point  would  be  reached  at  some  part  of  the  tube^ 
with  results  not  di£fering  remarkably  from  those  which  actually  take  place.    But  Professor 
Bunsen  has  been  able  to  determine  the  heat  of  the  water  a  few  minutes  before  explosion,  and 
he  finds  that  at  no  part  of  the  tube  does  the  water  actually  reach  the  boiling  point    From  time 
to  time,  as  we  have  said,  there  ii  an  inrush  of  steam  through  the  ducts,  foUowed  by  the  rise  of 
the  water  in  the  tube,  the  level  of  the  water  in  the  basin  being  obviously  disturbed.    Now, 
suppose  one  of  these  inrushes  to  so  raise  the  water  in  the  tube  that  as  the  upper  part  of  the 
raised  water  seeks  its  level  in  the  basin,  the  pressure  on  the  lower  parts  is  diminished  suffici- 
ently to  bring  the  boiling  point  of  the  water  near  the  middle  of  the  tube  below  the  actual 
temperature.    The  water  is  then  immediately  converted  into  steam  at  tins  point,  the  water 
above  that  point  is  further  raised,  and  the  pressure  on  the  water  below  that  point  is  further 
induced,  and  is  thus  brought  below  the  boiling  point    Hence  all  the  water  below  the  point 
where  steam  was  first  formed  ii  suddenly  converted  into  steam ;  the  water  above  is  hurled  forth 
enveloped  amid  clouds  of  steam ;  and  "  we  have  the  Geyser  eruption  in  all  its  grandeur." 
After  the  eruption,  the  water,  oooled  by  contact  with  the  air,  returns  into  the  basin,  and  par- 
tially refills  the  tube.    It  then  graduaUv  rises  in  the  tube  until  the  same  state  of  things  is 
restored  as  at  first ;  to  be  followed  bv  ebullitions,  by  ''futile  attempts  at  eruption,"  and  at  length, 
when  the  water  in  the  tube  ia  suffidently  heated,  oy  a  complete  eruption  as  before. 

GIMBALS  or  GIMBALDS.  A  name  given  to  a  pair  of  copper  rings,  within  vdiich  the 
mariner's  compass  is  slung,  and  iddch  support  it  in  such  a  way  that  the  needle  and  card  remain 
horizontal  in  spite  of  the  pitching  and  rolling  of  tne  ship.  One  of  the  rings  tuns  upon  a  hori- 
gontal  axis,  resting  on  beanngs  attached  to  the  compass  bctx  ;  the  second,  wMch  is  smaller,  moves 
within  the  first,  supported  upon  an  axis  at  right  angles  to  that  of  the  first.  The  compass-bowl 
]b  placed  within  the  smaller  ring,  and  is  so  weighted  that  the  pivot  upon  which  the  needle  turns, 
and  which  is  fastened  to  the  bottom  of  the  bowl,  tends  always  to  keep  its  vertical  position. 
(See  CompaUy  Mariner* $,) 
GLACIAL  ACETIC  ACID.    See  AeeUe  Acid. 

GLACIER.  Lnmense  masses  of  ice,  formed  by  Hie  camprossion  of  the  snow  which  aoea- 
mulates  on  the  summits  and  slopes  of  mountains,  and  forces  its  way  down  into  the  valleys  and 
ravines  which  furrow  the  mountain  sides.     (See  Snow;  Snow  X»ne.) 

The  process  by  which  glaciers  are  formed  has  given  rise  to  some  discussion.  PMfessor  Forbes 
and  others  have  attributed  the  phenomena  presented  during  the  gradual  descent  of  the  great 
ice  masses,  to  a  certain  viscosity  possessed  ly  ice  formed,  as  glacier  ice  undoubtedly  is,  by  the 
compression  of  snow.  But  Professor  Tyndall  has  supplied  abundant  evidence  in  favour  of  the 
view  Uiat  glacier  ice  possesses  no  viscosity  whatever.  When  subject  to  pressure,  indeed,  the 
ice  behaves  much  as  a  viscous  substance  would  ;  bnt  when  subjected  to  t^urion  the  ioe  shows 
at  once  that  it  is  not  viwous  by  parting  asunder.  Thus, — ^Those  deep  gaps  called  crevasses  are 
formed  even  when  the  descendmg  ice  has  to  change  its  angle  of  descent  by  so  small  a  quantity 
as  two  or  three  degrees.  Further,  in  a  wide  glacier,  the  general  law  according  to  which  the 
oentanJ  and  upper  portions  of  a  glacier  move  faster  than  the  sides,  operates  so  as  to  produce  but 
a  very  dight  difference  in  the  rates  of  motion  of  adjacent  portions  of  the  glader :  yet  even  this 
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Blight  difference  (in  one  case  so  small.  Professor  Tyndall  estinuites,  as  ip^fth  of  an  inch  in  24 
hours)  causes  crevasses  to  form.  Therefore  Tyndall  has  put  forward  the  Uieory  (now  generally 
aooepted)  that  the  peculiarities  observed  in  the  motion  of  glaciers  are  due  to  regeUUionf  {q.  v.) 
The  ice  of  the  glacier  is  brittle  not  viscous ;  and  owing  to  its  brittleness,  it  is  crushed  and 
broken  in  its  descent :  bat  regelation  causes  the  fragmentaiy  masses  to  remain  always  bound 
together,  since  wherever  they  are  brought  into  cental  regelation  immediately  sets  in. 

GLAISHER'S  FACTORS.  A  series  of  corrections  of  barometric,  hygiometric,  and  ther- 
xnometric  indications,  calculated  by  Mr.  Glaisher,  and  of  great  value  to  the  meteorologist. 

GLASS.  The  chemical  composition  of  glass  is  that  of  mixed  silicate  of  potassium  or  sodium 
-with  silicates  of  calcium,  lead,  aluminium,  and  others.  The  mixture  must  be  so  proportioned 
that  there  is  not  sufficient  alkaline  silicate  present  to  render  the  product  attadcable  by  water  or 
adds.  Silicate  of  calcium  increases  the  fusibility  and  also  the  resistance  to  the  action  of  water. 
Silicate  of  aluminium  renders  glass  less  fusible,  and  less  liable  to  be  acted  on  by  water,  whilst 
the  more  the  potash,  lime^  or  oxide  of  lead  increase,  the' more  fusible  and  soft  the  glass  becomes. 
Bottle  glass  has  a  specific  gravity  of  27  ;  its  composition  is  principally  that  of  a  mixed  silicate 
of  calcium  and  aluminium.  Ordinary  window  glass  is  approximately  a  mixed  silicate  of  sodium 
and  calcium.  KngliBh  crown  glass  contains  silicates  of  potassium  and  calcium.  English  crystal 
glass  is  a  nuxed  sSicate  of  potassium  and  lead.  Flint  glass  has  a  somewhat  similar  composition, 
but  with  varied  proportions.  Faraday's  heavy  glass  (specific  gravity,  5*44)  is  a  siKco-borate  of 
lead.  Glass  is  coloured  red  by  gold  or  copper ;  blue^  by  cobalt ;  yellow,  by  silver  or  iron ;  and 
green,  by  chromium.    (See  SOioiUea.) 

GLAUBER'S  SALT.    S^  Svlj^tUet,  Sodum. 

GLOBE,  CELESTIAL.  A  globe  showing  the  oonstellationfl,  and  mounted  as  the  terrestrial 
globe  is.  The  celestial  globe  serves  to  solve  many  elementary  problems  of  astronomy.  The  stars 
are  not  represented  on  a  celestial  globe  as  they  actually  i^pear  on  the  heavens  ;  but  so  that 
if  they  could  be  viewed  from  the  inside  of  the  globe,  they  would  appear  as  on  the  sky. 

GLOBE,  TERRESTRIAL.  A  globe  of  wood  or  plaster  covered  with  paper,  on  which  are 
delineated  the  figures  of  the  oceans,  continents,  Ac.,  of  this  earth.  The  globe,  mounted  so  as  to 
revolve  on  a  polar  axis  under  a  brazen  meridian,  and  inclinable  at  different  angles  to  a  wooden 
horison  circle,  is  often  used  to  solve  elementary  problems  of  geographical  astronomy. 

GLOW  DISCHARGE.    See  Diacharffe, 

GLOWWORMS.    See  Furies,  Sxaminaiion  of  the  Light  firm. 

GLUCINUM ;  or,  BerpUium,  {yXvKW,  sweet.)  A  somwhat  rare  metal,  the  oxide  of  which 
was  discovered  by  Vauqnelin  in  1798,  in  the  beiyl,  whence  the  name  beryllium.  Subeequentiy 
it  was  named  gluoinum,  owing  to  the  sweet  taste  of  ite  salts.  Symbol,  G  or  Be  (the  latter 
being  usually  adopted.)  Atomic  weight,  47,  if  ite  oxide  has  the  formula  Be^O^  and  7  if  ite 
oxide  is  Be,0 ;  these  points  have  not  yet  becoi  satisfactorily  determined.  Glucmum  is  a  white 
metal,  malleable  and  ductile,  possessing  a  specific  gravity  of  2*1.  It  melte  below  the  melting 
point  of  silver,  and  does  not  oxidise  readily  in  £e  air  even  when  melted.  Adds  attack  it 
xeadily.  It  forms  an  oxide  which  much  resembles  alumina,  and  unites  with  acids  to  f oim  salts, 
which  are  colourless  and  in  general  easily  ccystallised.    The  beiyl  is  a  silicate  of  gludnum. 

GLUE.    See  OdaHn. 

GLYCERIN.  {yXvKvt,  sweet.)  A  syrupy  oolourlesi  liquid,  of  a  very  sweet  taste,  and 
neutral  to  test  paper.  Specific  gravity,  1*26.  It  mixes  with  water  and  alcohol  in  all  propor- 
tions. Composition,  C1H9O3.  It  is  contained  in  most  fixed  oils  and  fats,  in  which  it  existe  in. 
combination  with  fatty  acnds,  and  is  liberated  upon  saponification.  It  is  non- volatile  at  the 
ordinary  temperature,  but  when  heated  in  an  ateaosphere  of  steam  it  distils  over.  Glycerin 
does  not  freeze  or  alter  by  exposure  to  the  atmosphere ;  it  has  no  poisonous  or  injurious  pro- 
perties, and  on  these  aoconnte  ite  uses  in  arts,  manufactures,  and  for  domestic  purposes  are  veiy 
great.  When  acted  on  by  strong  nitric  acdd  it  is  converted  into  nitro-glycerin.  (See  NUrO' 
gl^eenn.) 

GOLD.  A  metallic  element  of  a  beautiful  yellow  colour,  soft,  and  extremely  malleable  and 
ductile.  Specific  gravity,  19*258  to  19*367.  It  melte  at  1200°  C.  (2192''  F.),  and  volatilises 
slightly  at  a  littie  higher  temperature.  It  does  not  taznish  in  the  air  even  when  melted,  and  is 
tmaffected  by  any  single  add,  but  is  dissolved  by  chlorine  water  and  mixtures  which  evolve 
chlorine,  sudi  as  nitro-hydrochloric  add.  Atomic  weight,  196.  Symbol,  Au,  from  ito  Latin 
name  Aurum,  It  is  found  in  almost  all  parts  of  the  world,  but  seldom  in  laige  quantities,  and 
almost  invariably  occurs  native  or  alloyed  with  other  metals.  It  forms  compounds  with  most 
of  the  other  elemente,  but  they  are  of  comparatively  slight  importance.  They  are  readily  re- 
duced to  the  metallic  steto  by  heat.  The  alloys  of  gold  with  silver  and  copper  are  of  great 
importance,  being  used  for  coinage  and  jewellery.  The  only  chemical  compounds  of  gold  which 
require  mention  are  the  chloride  ofgM  (Aa€ils) ;  this  forms  a  dark  red  deliquesoent  mass^ 
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which  IB  left  behind  when  a  Bolntion  of  gold  in  nitro-hydrochloric  acid  is  evaporated  to  dryness. 
From  an  acid  eolation  an  acid  chloride  of  gold  and  hydrogen  crystalliBes  in  long  yellow  needles,, 
which  are  very  soluble  in  water.  Chloride  of  gold  has  a  great  tendency  to  form  double  salt^ 
with  other  chlorides,  which  are  called  chloroaurates.  The  Ckloroaurate  of  Sodium  is  employed 
in  photography  ;  it  crystallises  in  long  prisms^  which  are  soluble  in  water  but  not  deliquescent. 
Its  composition  is  NaCL  AuClj.  2HgO.  The  chloroaurates  of  many  organic  bases  are  beauti- 
fully crystalline  compounds,  and  are  frequently  prepared  for  purposes  of  analysis. 

GOLDEN  NUMBER.    See  Cyde,  MeUmic. 

GOLD  MOSAIC.    See  Tin,  Sulphide. 

GOLD,  RELATION  OF,  TO  LIGHT.  The  relation  of  gold  to  light  was  studied  in  an 
exhaustive  manner  by  the  late  Professor  Faraday  {PkU.  Trans,  1857,  p.  145).  He  conceived 
that  it  was  possible  that  some  experimental  evidence  of  value  might  residtfrom  the  introduction 
into  a  ray  of  light  of  separate  particles  having  great  power  of  action  on  light,  the  particles  being  at 
the  same  time  very  small  as  compared  to  the  wave  lengths.  He  found  that  gold  was  especially 
fitted  for  these  experiments  on  account  of  its  comparative  opacity,  and  yet  possession  of  real 
transparency ;  because  of  its  development  of  colour  both  in  the  reflected  and  transmitted  ray ; 
because  of  the  state  of  tenuity  and  division  which  it  permitted,  with  the  preservation  of  its 
integrity  as  a  metallic  body ;  because  of  its  supposed  simplicity  of  character,  &c  Besides,  the 
waves  of  light  are  so  large  compared  to  the  dimensions  of  the  particles  of  gold  which  in  various 
conditions  can  be  subjected  to  a  ray,  that  it  seemed  probable  the  particles  might  come  into 
effective  relations  to  the  much  smaller  vibrations  of  the  ether  particles.  The  beaten  gold  em- 
ployed averaged  tt^Vtv^  o^  "'^  ^'^^  thick,  occup3ring  in  average  thickness  no  more  than  from  ^th 
to  |th  part  of  a  single  wave  of  light,  but  by  chemicaJ  means  the  leaf  may  be  obtained  so  thin 
that  50  or  even  icx>  may  be  included  in  a  single  progressive  undulation  of  lights  still  remaining 
of  a  green  colour  by  transmitted  light.  If  this  thin  film  is  annealed  by  exposure  to  the  tem- 
perature of  an  oil  bath  for  five  or  six  hours,  it  becomes  almost  colourless,  although  microsoopie 
examination  shows  that  its  continuity  is  unaltered.  When  gold  thus  rendered  colourless  by 
annealing  is  subjected  to  pressure,  it  again  becomes  of  a  green  colour.  When  gold  wire  is  deflagrated 
by  explosions  of  a  Leyden  battery  near  a  surface  of  glass,  the  particles  are  caught  and  are  de- 
posited as  a  film,  golden  by  reflected  light,  and  of  a  &ie  ruby  colour  by  transmitted  light,  passing 
towards  the  edges  to  a  violet  colour,  and  sometimes  appearing  green.  When  this  deposit  of 
divided  gold,  which  is  violet,  blue,  or  green  by  transmitted  light,  is  heated  to  dull  redness,  it 
changes  to  a  ruby  colour,  still  preserving  its  metallic  yellow  reflection,  and  when  this  ruby  gold 
is  submitted  to  pressure  the  transmitted  ray  changes  from  ruby  to  green.  By  reducing  gold 
from  its  solution  by  phosphorus  a  continuous  film  can  be  produced,  so  thin  as  to  be  invisible  at 
first,  their  thickness  perhaps  not  being  ^^th  of  a  wave  undulation  of  light.  When  a  little 
thicker  the  film  is  a  gray  violet,  which  is  clutnged  by  heat  to  purple,  and  afterwards  to  green 
when  submitted  to  pressure.  Gold  precipitated  from  a  solution  in  the  form  of  separate  particles 
is  of  a  ruby  colour  by  transmitted  Ught,  but  having  the  metallic  lustre  when  exposed  to  sun- 
shine. These  fine  particles  may  be  Effused  through  warm  gelatine,  and  the  jelly  on  cooling  is 
of  a  rich  ruby  colour  and  can  be  dried  to  a  film  identical  in  appearance  with  ruby  glass.  Wnen 
common  salt  is  added  to  a  ruby  gold  fluid  this  h  rendered  blue.  The  relation  of  polarised  light  to 
these  gold  films  is  of  considerable  interest.  On  arranging  the  polariser  and  analyser  so  as  to  get 
a  dark  field,  no  effect  was  produced  on  interposing  a  piece  of  well  annealed  plate-glass,  this  sub* 
stance  not  having  depolarising  properties.  A  piece  of  gold-leaf  attached  to  glass  was  then 
introduced  between  the  analyser  and  polariser  at  right  angles  to  the  ray,  when  it  was  seen  that 
the  metal  had  depolarising  powers,  especially  when  it  was  inclined,  the  image  of  the  analyser 
being  brought  out  exceedingly  well  It  is,  indeed,  very  striking  to  see,  when  the  plate  is  moved 
parallel  to  itself,  the  darkness  when  mere  glass  intervenes  and  the  light  which  springs  up  when 
the  gold  leaf  comes  into  its  place ;  the  opaque  metal  and  the  transparent  glass  having  apparently 
changed  characters  with  each  other. 

GNOMON,  {ypfhfibfv.)  This  name  was  formerly  applied  to  any  rod  whose  shadow  was 
intended  to  indicate  any  astronomical  relation.  Thus  the  rod  of  a  dial,  which  points  to  the  pole 
of  the  heavens,  is  a  gnomon  (see  Dial)^  and  a  vertical  pillar,  such  as  ancient  astronomers  used  to 
determine  the  height  of  the  sun  at  midday,  was  also  called  a  gnomoiL  The  Egyptians, 
Chinese,  Peruvians,  and  many  other  nations,  made  great  use  of  gnomons  of  different  sorts. 

GOMEISA.    (Arabic.)    The  star  p  of  the  constellation  Canis  Minor. 

GONIOMETER  [yu^ta,  an  angle ;  and  fierpita,  to  measure.)  An  instrument  for  measuring 
the  angles  of  crystals.  For  this  purpose  Wollaston's  reflecting  goniometer  is  most  frequently 
used.  It  consists  of  a  divided  cirde  graduated  to  degrees,  and  subdivided  with  a  vernier.  On 
the  axis  is  an  arrangement  for  supporting  the  crystal.  A  distant  object  is  viewed,  reflected  in 
one  of  the  faces  of  the  crystal,  and  the  vernier  is  brought  to  zero.     The  circle  carrying  the 
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oiTstal  is  then  turned,  until  the  same  object  is  reflected  from  another  face  of  the  ciystal,  when 
the  angle  formed  by  the  two  faces  can  be  read  off  on  the  circle.  Other  adjustments  and  con- 
trivances are  introduced  for  tiie  purpose  of  securing  accuracy  of  reading.  When  a  microscope 
is  fitted  with  a  po8iti4m  cirde  and  micrcmeterf  angl^  of  microscopic  crystals  can  be  measured 
with  great  accuracy. 

GOVERNOR.  A  contrivance  for  regulating  the  supply  of  steam  to  the  cylinder  of  a  steam- 
engine,  according  to  the  speed.  It  consists  of  two  heavy  balls  attached  to  the  extremities  of 
two  rods,  the  other  extremities  of  the  rods  being  jointed  to  a  vertical  shaft.  When  the  engine 
is  in  action,  the  shaft  and  the  parts  attached  to  it  are  made  to  revolve  by  a  strap  from  the 
crank  shaft  of  the  engine,  and  consequently  a  centrifugal  force  is  communicated  to  the  balls 
which  causes  them  to  fly  apart,  so  that  the  rods  make  angles  with  the  central  shaft  which 
increase  with  the  velocity  of  revolution.  Now  the  rods  to  which  the  balls  are  attached  are  con- 
nected by  two  other  rods  with  a  ring  capable  of  sliding  up  or  down  on  the  vertical  shaft,  so 
that  when  the  balls  fly  out  the  ring  ascends,  and  when  they  fall  it  descends.  A  long  lever 
passes  &om  the  ring  to  a  disc,  termed  the  throttle  valve,  in  the  steam  pipe  from  the  boiler,  and 
the  connection  is  so  arranged  that,  as  the  ring  ascends,  the  valve  closes.  Thus  the  engine 
itself  regulates  the  supply  of  steam ;  for,  as  the  speed  increases,  the  supply  is  diminished,  and 
when  the  maximum  speed  is  attained,  the  steam  is  entirely  cut  oflE. 
GORE'S  ROLLING  BALLS.  See  Trevelyan*s  Eteperiment. 
GRAMME.  The  French  unit  of  weight  See  Metric  System, 
GRAPE  SUGAR.    See  Sugar. 

GRAPHIC  REPRESENTATION  OF  FORCES.  {ypa<p<a,  to  write,  draw.)  Forces  may 
be  represented  by  straight  lines,  since  the  three  qualities  required  to  determine  the  effects  of 
forces  are  also  possessed  by  lines ;  thus  the  intensity  or  magnitude  of  a  force  is  represented  by 
the  length  of  the  line,  the  direction  of  the  force  by  the  direction  of  the  line,  and  the  point  of 
action  or  application  of  the  force  by  the  extremity  of  the  line.  Also,  when  a  line  is  designated 
by  two  letters  as  A  B,  these  are  made  to  represent  the  directions  of  the  force  by  always  con- 
sidering the  force  as  acting  in  a  direction  from  the  first  to  the  second,  or  from  A  to  B  ;  while 
the  line  B  A  would  represent  a  force  acting  from  B  to  A.  By  means  of  this  graphic  method, 
the  general  principles  of  geometrical  reasoning  may  be  applied  to  deduce  the  mechanical  effect 
produced  by  combinations  of  forces  under  given  conditions. 

GRAPHIC  REPRESENTATION  OF  VIBRATIONS.  A  sound  wave  consists  of  a 
travelling  state  of  compression.  It  is  clear  that  any  quantity  can  be  represented  by  any  other 
quantity,  and  that  therefore  the  quantity  of  density  or  compression  may  be  represented  by  a 
straight  Une.  Hence,  a  region  of  variable  compression  may  be  represented  by  a  series  of 
straight  lines  of  variable  length.  If  we  imagine  a  series  of  waves  to  proceed  from  one  point 
and  reach  another,  and  if  we  imagine  a  straight  line  to  connect  the  two  points,  then  the  divers 
densities  of  the  medium  along  that  line  may  be  faithfully  represented  by  ordinates  of  different 
lengths  set  up  upon  the  connecting  line,  and  the  curve  connecting  the  extremities  of  the 
oidinates  will  be  a  faithful  representation  of  the  degrees  of  compression. 
GRAPHITE.     See  Carimn, 

GRAVITATION.  {Gravis,  heavy.)  The  name  given  to  the  great  law,  established  b^  Sir 
Isaac  Newton,  that  every  partide  of  matter  within  the  universe  attracts  every  other  particle  voiih  a 
force  proportional  directly  to  the  product  of  the  numbers  representing  their  mass,  and  inversely  to 
the  square  of  the  distance  separating  one  from  the  other.  The  term  gravitation  is  commonly  dis- 
tinguished from  the  term  gravity  {q,v.\  the  former  being  applied  to  the  operation  of  the  great 
law  throughout  the  interplanetary  and  interstellar  spaces,  the  latter  to  the  action  of  the  eiuih's 
mass  upon  terrestrial  bodies. 

The  discovery  of  the  great  law  of  gravitation  is  intimately  associated  with  the  history  of  that 
great  period  of  progress  during  which  the  Ptolemaic  system  was  overthrown,  and  the  Coper> 
nican  establishea.  The  discovery  by  Kepler  of  the  three  laws  which  bear  his  name,  by  indicat- 
ing the  existence  of  real  laws  harmonisinff  the  motions  of  the  celestial  bodies,  invited  research 
into  the  question  how  far  these  laws  might  depend  on  the  action  of  some  spedal  form  of  force. 
The  nature  of  a  central  force  under  which  a  body  would  move  in  an  ellip1»cal  orbit  having  a 
focus  coincident  with  the  centre  of  force,  had  be^  inquired  into  by  Wren  and  Hooke,  though 
the  solution,  even  of  this  problem,  which  seems  to  modem  mathematicians  a  simple  one,  was 
not  given  in  a  complete  form  until  Newton  had  applied  his  powers  to  the  work.  But  the 
Tec(^^tion  of  the  general  action  of  a  central  force  exerted  by  the  sun  upon  the  bodies  circling 
around  him,  and  by  the  planets  on  their  satellites,  and  the  further  recognition  of  the  fact  that 
bodies  on  the  earth  are  drawn  towards  the  earth's  centre,  though  doubtless  important,  yet  by 
no  means  suggested  the  existence  of  the  mat  law  Newton  was  to  establish.  It  is  necessary, 
if  we  would  rightly  apprehend  the  granaeur  of  his  work,  to  recognise  what  distini^uished  it 
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wholly  firam  all  thofe  had  been  done  or  eren  suggested  before  his  time.  To  sappose  that 
Newton  had  only  supplied  mathematical  proof  of  a  law  which  had  occurred  to  other  minds 
would  be  lacgely  to  undervalue  what  science  owes  to  him.  It  was  the  noble  guess  (for  at  first 
it  was  but  a  guess)  that  the  forces,  exerted  by  the  earth  upon  terrestrial  objects,  by  the  planets 
on  their  satellites,  by  the  sun  upon  the  planets,  are  all  manifestations  of  one  form  of  attraction 
exerted  alike  by  all  forms  of  matter,  and  influencing  all  according  to  one  uniform  law, — ^it  was 
this  daring  generaliaaidon, — ^that  distinguished  Newton's  work  from  all  which  had  preceded  it. 
Then,  indeed,  when  this  noblest  of  all  Uws  had  been  suggested  to  his  mind,  there  followed  thj^ 
wonderful  series  of  labours  by  which  he  was  enabled  to  give  the  hypothesis  a  firm  foundation. 
In  reading  the  history  of  those  labours,  one  knows  not  whether  most  to  admire  the  ingenuity 
of  the  mathematical  devices  employed  by  Newton,  the  clear'Sightedness  of  his  resaomng,  or  the 
wonderful  patience  and  caution  with  which  he  conducted  the  whole  inquixy.  All  that  he  him- 
self required  to  complete  the  proof  of  the  law  was  satisfactory  evidence,  that  the  action  which 
the  earth  exerts  on  terrestrial  bodies  corresponds  with  the  influence  she  exerts  upon  the  moon. 
To  prove  this  it  was  necessary  to  show  that  a  body  at  the  moon's  distance  would,  in  a  given 
short  space  of  time,  fall  as  far  towards  the  earth  under  the  influence  of  her  attraction,  as  the 
moon  is  actually  deflected  in  that  time  from  the  tangent  to  her  orbit,  through  the  place  she  had 
at  the  beginning  of  that  time,  such  deflection  being  measured  in  a  direction  at  right  angles  to 
that  tangent.  At  first  Newton's  calculations  failed  to  show  this,  the  fact  being  tlu^t,  according 
to  the  estimate  of  the  earth's  dimensions  accepted  in  his  time,  the  distance  of  the  moon  was 
greatly  underrated.  He  accordingly,  for  nearlv  a  score  of  years,  gave  up  the  theory  of  a 
universal  law  of  gravitation  as  untenable.  At  length,  in  1684,  Picard's  new  measuremoit  of 
the  earth  supplied  Newton  with  the  means  of  testing  afresh  his  daring  h  vpothesis.  As  the 
work  proceeded,  he  found  "the  figures  shaping  themselves  towards  the  desired  end;"  and 
simple  though  the  processes  were  by  which  the  calculation  was  to  be  completed,  he  was  so 
unnerved  by  his  sense  of  the  grandeur  of  the  great  law  which  was  about  to  be  established,  that 
he  had  to  commit  the  completion  of  the  task  to  a  friend.  When  the  calculation  was 
finished,  the  influence  of  the  earth  on  the  moon  was  found  to  be  precisely  the  same  as  that  which 
she  exerts  on  objects  near  her,  diminished  only  through  the  effect  of  diistanoe,  aooocding  to  the 
law  enundated  above. 

Bat  much  more  remained  to  be  done  in  order  that  the  law  should  be  presented  in  a  oonvino 
ing  manner  before  astronomers.  Satisfied  himself,  Newton  felt  that,  to  satisfy  the  worid,  he 
must  show  the  power  of  this  great  law  of  gravitation  to  interpret  the  most  difficult  problems  of 
astronomy.  He  selected  the  lunar  motions,  and  showed,  by  reasoning  of  amazing  force  and 
deamess,  how  all  the  chief  lunar  inequalities  can  be  accounted  for  as  due  to  the  action  of  this 
omnipresent  law.  (See  Xsnor  Theory.)  The  modes  he  employed  were  such,  however,  as  none 
but  he  could  have  made  available.  It  has  been  to  the  successful  attempt,  not  only  to  account 
for  celestial  motions  which  Newton  had  left  undealt  with,  but  to  detect  by  calculation  peculiaritieB 
of  motion  which  observation  has  not  revealed,  that  modem  analytioil  mathematios  owes  its 
origin  and  its  rapid  development. 

The  law  of  gravitation  has  been  applied  successfully  to  weigh  the  various  members  of  the 
solar  system,  and  even  star  against  star,  to  explain  the  motion  of  the  tidal  wave  and  the  paths 
of  comets,  and  even  to  exhibit  the  origin  of  that  wonderful  vitality  fdiich  pervades  the  solar 
system,  and  doubtless,  in  not  inferior  degree,  the  systems  which  circle  around  other  suns. 

GRAVITY.  (Qravitou,  from  gravis,  heavy,  ponderous.)  The  term  applied  to  the  force  with 
which  the  earth  attracts  every  particle  of  matter.  The  effect  of  gravity  is  measured  by  the 
acceleration  or  the  velocity  generated  in  a  body  free  to  move  under  the  action  of  the  force. 
Although  bodies  of  different  material  fall  to  the  earth  with  different  velocities  when  they  en- 
counter the  resistance  of  the  air,  yet  in  vacuo  all  bodies  fall  through  the  same  space  in  the  same 
time,  and  acquire  the  same  velocity.  By  experiments  made  at  Leith  Fort,  Captain  Kater 
found  that  the  velocity  acquired  by  a  body  falling  unresisted  for  one  second  is  at  that  place 
32*207  feet  per  second.  (See  Pendulum.)  The  variation  in  this  velocity  for  one  degree  of 
difference  of  latitude  from  that  of  Leith  is  only  '0000832  of  its  own  amoimt ;  the  average  value 
for  the  whole  of  Great  Britain  is  very  nearly  32*2  feet.  The  value  of  the  velocity  acquired  in 
a  second  by  a  body  falling  freely  decreases  as  we  pass  from  the  poles  to  the  equator.  Two 
causes  contribute  to  this. 

First,  in  consequence  of  the  revolution  of  the  earth,  every  point  of  it  describes  a  circle  in  24 
hours ;  but  the  circumference  described  by  a  point  nearer  the  equator  is  greater  than  that  of 
one  more  remote ;  consequently  the  tendency  of  a  body  to  fly  off  from  the  earth  is  greater  at 
the  equator  than  nearer  tiie  poles.  But  the  force  producing  motion  in  a  falling  body  is  the 
force  of  gravity  less  this  centrifugal  force.  Second,  the  earth  is  not  a  true  sphere,  but  is 
flattened  at  the  poles.    Hence  a  point  nearer  the  equator  is  further  from  the  centre  of  mass 
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than  a  point  nearer  the  poles,  and  consequently  the  force  of  gravity  is  less  at  the  former  than 
at  the  latter.  (See  GravUation. )  If  a  body  be  weighed  by  a  spring-balance  at  two  places  not  of 
the  same  latitude,  the  weight  at  the  higher  latitude  will  be  the  greater.  The  apparent  force 
of  gravity  at  any  place  is  determined  by  ascertaining  the  length  of  a  simple  pendulum  which 
beats  seconds  at  that  place.  The  following  table  gives  the  lengths  of  the  seconds  pendulum  at 
different  places  according  to  the  Astronomer  Boyal,  and  the  value  of  g  which  can  be  deduced 
from  them : — 

The  Valux  of  the  Aooelebatino  Fobob  of  Gbavitt  at  Diffebent  Flaobs. 


Length  of  seconds 

Accelerating 
force  of  gra- 
vity; feet  and 
seconds. 

Observer. 

Place. 

Latitude. 

pendulum  in 
inches. 

Sabine,     . 
Sabine,     . 

Spitsbergen, 
Hammerfeet,     . 

N.  TP'^So' 
70  40 

399x469 
391947s 

39*9598 
3a'a363 

Sranbezi;, . 

Stockholm, 

59  a* 

39-I654X 

39*3199 

Bewel, 

K6nigibezg, 

54  4a 

391507a 
39x3983 

39*9009 

Sabine, 

Greenwich, 

Sx  29 

39'X9I3 

Borda,     Biot,     and 

Sftbine,  . 

Paris,         .       . 

48  50 

3919851 

39*18x9 

Biot,         .       .       . 

Bordeaux, . 

44  50 

39'xx396 

39'i69X 

Sabine,     . 

New  York, 
Sandwich  islands, 

40  43 

39'ioiao 

39*1594 

Freycinet, 

90  53 

3904690 
3901888 

39-XI48 

Sabine,     . 

Trinidad,  . 

xo  39 

33*0913 

Frerdiiet, 

Sabine  and  Dupeirey, 

Freyeinet   ana    Du- 

Bawak,      . 
Ascension, 

S.    0    2 
7  55 

390x433 
3902363 

39*0880 
33*0956 

perrey,  . 
Brubane  and  Bunker, 

Isle  of  France,  . 

90  ID 

39-04684 

39*"5x 

33  49 

390745a 

39*X375 

Freyoinet  and   I>a- 

petrey,  . 

Isles  Malonines, 

51  35 

391378X 

39-X895 

6KEEN  VITBIOL.    See  SulphateB ;  Ir<m. 

GBEGOBIAN  TELESCOPE.  This  form  of  reflecting  telescope  was  first  proposed  by 
James  Gregory.  The  rays  of  light  falling  on  the  prindpid  speculum  are  reflected  back  to  a 
small  concave  speculum  placed  beyond  its  focus  ;  thi9  returns  them  to  the  centre  of  the  large 
speculum  where  a  hole  is  cut  to  allow  them  to  pass  through  to  the  eye-piece.  The  Newtonian 
Telescope  is  an  improvement  upon  this. 

6BET  CAST  IBON.    See  Iron,  OatL 

6BIMALDI*S  FEINGES.  The  fringes  which  are  observed  in  the  shadows  of  bodies 
formed  by  divergent  light  are  sometimes  called  Grimaldi's  fringes,  after  the  first  observer  of 
them.    (See  Fringes  ;  DiffirctcUon,) 

GROOVED  SURFACES,  COLOURS  OF.  The  iridescence  of  mother  of  pearl,  micro- 
meter scales,  Barton's  buttons  (which  see),  &c.,  is  due  to  the. reflection  of  light  from  minute 
•grooves  on  the  surface  giving  rise  to  the  production  of  ooloor  by  the  interference  of  the  waves  of 
light.    (See  Inteffermce  of  Light.) 

GROVE'S  GALVANIC  BATTERY  consists  of  pUtmum  and  zinc  cells.  The  zinc  which 
is  amalgamated,  that  is,  coated  with  mercury,  is  immersed  in  an  outer  cell  containing  dilute 
sulphuric  add.  Within  this  is  placed  a  porous  cell  which  is  filled  with  strong  nitric  aod,  and 
in  which  the  platimmi  plate  stands.  On  connecting  together  the  platinum  and  zinc,  the  current 
takes  place  from  the  zinc  to  the  platinum  through  the  liquid,  to  use  the  ordinary  convention  as 
to  direction.  The  Grove's  cell  is  an  extremely  powerful  oombiuation,  but  is  inferior  in  con- 
stancy to  the  Darnell's  cell  and  its  modifications.  The  chemical  action  which  takes  place  within 
it  is  as  follows.  The  zinc  decomposes  the  sulphuric  add  and  liberates  hydrogen.  This,  by  a 
series  of  molecular  reactioQs,  gives  rise  to  a  second  reaction  in  which  the  nascent  hydrogen  d^ 
composes  the  nitric  add  forming  in  the  first  place  nitrous  add.  Afterwards  further  decompo- 
sition takes  place,  and  dark  red  fumes  of  the  oxide  of  nitrogen  are  given  off.  By  this  deoom- 
podtion  of  the  nitric  add  the  polarisation  of  the  platinum  plate  due  to  depodtion  of  hydrogen 
is  avoided.  The  porous  cell  intervening  between  the  sulphuric  add  and  the  nitric  acid  does  not 
hinder  the  chemical  action  from  taking  place,  though  it  prevents  the  liquids  from  mingling. 

GROTTHUSS'  HYPOTHESIS  (from  the  name  of  the  proposer)  seeks  to  explain  the 
phenomena  of  electrolysis.  According  to  it  the  molecules  of  bodies  which  undergo  electrolysis 
are  essentially  composed  of  two  atoms,  or  groups  of  atoms,  one  of  which  is  dectro-podtive  (see 
£!UetnyfotUAve)y  and  the  other  electro-negative.    A  chain  of  compound  molecnlBs  ilius  mjMle 
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np  joins  two  points  in  the  electrodes,  and  by  the  electric  cuirent  the  two  extreme  molecules  are 
broken  up,  and  a  series  of  decompositions  and  recompositions  takes  place  in  the  following  way : 
Towards  the  negative  electrode  goes  the  electro-positive  atom  or  group,  while  the  electro-negative 
atom  or  group  of  atoms  goes  to  the  positive  electrode.  This  action  sets  free  at  the  req)6ctive 
sides  an  electro-negative  and  an  electro-positive  atom  or  group,  and  these  throw  all  their  attrao* 
live  force  upon  the  compound  molecules  next  to  them,  decomposing  them,  and  taking  to  them- 
selves the  complemental  portions  which  they  require  in  order  to  form  complete  compound 
molecules.  This  second  decomposition  and  recomposition  gives  rise  to  a  third,  and  so  on  through- 
out the  whole  chain,  the  final  effect,  when  a  cycle  of  operations  is  finished,  being  that  one  whole 
molecule  has  been  separated  into  its  constituents,  and  a  new  chain  has  been  formed,  in  which 
a  fresh  series  of  similar  reactions  can  have  way.  The  theory  certainly  lends  itself  easily  to 
the  explanation  of  known  facts. 

GRUS.  (The  Crane.)  One  of  Bayer's  southern  constellations.  The  stars  forming  this 
asterism  present  a  somewhat  remarkable  figure,  being  so  associated  as  to  form  a  well-marked 
stream. 

GTJLF  STREAM,  INFLUENCE  OF,  ON  THE  CLIMATE  OF  GREAT  BRITAIN. 
The  name  Gulf  Stream  has  been  given  to  the  ocean  current,  which,  passing  from  the  equatorial 
parts  of  the  Atlantic  to  the  Gfilf  of  Mexico,  traverses  the  Atlantic  eastwwls,  reaching  to  and 
beyond  the  shores  of  England.  Very  unreasonable  doubts  have  lately  been  cast  upon  the  theory 
that  the  gulf  stream  exeixdses  an  important  influence  on  the  climate  of  Great  Britain.  These 
doubts  are  principally  founded  on  a  total  misapprehension  of  the  way  in  which  the  neighbour* 
hood  of  warm  seas  affect  the  climate  of  a  country.  If  the  influence  of  the  water  in  warming 
the  air  which  is  in  contact  with  it  were  the  only  effect  to  be  considered,  the  gulf  stream  could 
doubtless  but  slightly  influence  the  climate  of  this  country.  It  is  to  the  fact  tiiat  from  the  gull 
stream  aqueous  vapour  is  continually  rising  into  the  air,  that  the  great  influence  of  this  current 
upon  our  climate  is  to  be  attributed.  (See  (yZtmote.)  The  moisture-laden  air  not  only  brings  to 
us  the  warmth  of  the  gulf  stream,  distributed  as  the  aqueous  vapour  becomes  condensed,  but 
also  serves  to  prevent  the  radiation  of  heat  from  our  plains,  and  hills,  and  valleys,  into  space. 

GUM.  A  name  given  to  several  substances  of  different  composition,  but  of  similar  pro- 
perties exuding  from  stems  and  branches  of  trees  ;  they  are  all  more  or  less  soluble  in  water, 
forming  a  thick  glutinous  liquid.  The  principal  gums  are  Ovm  Arabic^  Gum  Senegal^  Cherry 
Tree  Gum,  Batora  Gum,  Gum  TragacanUi,  and  Dextrin  or  British  Gum.     (See  also  Dextrin.) 

GUN  COTTON,  Pyroxylin^  or,  Trinitra-ceUtdose.  A  name  applied  to  a  nitro-substitn- 
tion  compound  of  cellulose.  Cellulose  has  the  composition  C^HjoOg.  Three  of  these  equivalents 
of  hydrogen  are  capable  of  being  roplaced  by  corresponding  equivalents  of  nitric  peroxide  NO^ 
forming  a  compound  C0H7(N  Os)|Op,  or  trinitro-cellulose.  This  compound  is  insoluble  in  water, 
t^cohol,  or  ether,  and  is  unaffected  by  dilute  acids  or  alkalies.  When  exposed  to  heat  it  ex- 
plodes with  violence,  and  on  this  accoimt  is  used  as  a  substitute  for  gunpowder.  When  exploded 
in  the  free  state  by  heat  it  goes  off  with  a  sudden  flash  and  is  comparativelv  harmless,  but  when 
it  is  confined  in  a  box,  or  when  it  is  ignited  by  the  powerful  detonation  of  fulminating  mercury, 
its  explosion  takes  place  with  terrific  violenee,  and  its  effects  much  exceed  those  produced  by 
corresponding  amounts  of  gunpowder.  A  variety  of  gun  cotton  oontaining  less  nitric  peroxide 
than  the  trinitro  compound  is  used  in  surgery  and  photography,  as  it  has  the  property  of  dis- 
solving in  a  mixturo  of  alcohol  and  ether,  and  is  left  behind  on  evaporation  of  the  solvents 
as  a  tough  transparent  sldn. 

GUNNERY.  The  art  of  charging,  directing,  and  exploding  all  kinds  of  fire-arms,  though 
the  term  is  commonly  restricted  to  the  larger  pieces  of  ordnance.  To  this  art  belongs  the 
knowledge  of  the  force  and  effect  of  gunpowder,  and  the  methods  of  pointing  and  adjusting.  It 
is,  therorore,  partly  theoretical  and  partly  practical  Theoretical  gunnery  consists  in  computing 
the  angles  of  elevation,  the  velocity  of  projection,  and  the  range  of  the  ball,  from  certain  data  pre- 
viotisly  known.  (See  ProjectileM.)  From  experiments  made  at  Woolwidi  by  Dr.  Hutton,  the 
following  conclusions  have  been  deduced: — (i.)  The  velocity  incroases  with  the  increase  of 
charge  to  a  certain  point,  and  then  decroases  as  the  charge  increases.  (2.)  The  velocity  with 
equal  charges  increases  with  the  length  of  the  gun.  (3.)  The  range  increases  in  a  much  lower 
ratio  than  the  velocity.  (4.)  No  differonce  is  caused  in  the  velocity  or  range  by  increasing  the 
weight  of  tiie  gun.    (Button's  Tracts,  voL  iii,  p.  215.) 

•The  following  rule,  derived  entirely  from  experiment,  has  been  given,  to  find  the  velocity  of 
any  shot  or  shell,  when  the  weight  of  the  chaxge  of  powder  and  weight  of  the  shot  are  known. 
Divide  three  times  the  weight  of  the  powder  by  the  weight  of  the  shot.  Extract  the  square 
root  of  the  quotient  and  multiply  the  result  by  1600 ;  the  product  will  be  the  velocity  in  feet. 

GUTTA  PERCH  A.  A  substance  much  resembling  India-rubber,  and  obtained  Uke  it  from 
the  juice  of  certain  trees,  principally  the  Itonanda  Penha,  and  the  /«.  GvUa.    It  is  of  a  light 
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brown  colour,  of  specific  gravity  0*98.  It  is  insoluble  in  water,  and  softens  by  heat,  solidifying 
on  cooling  to  a  hard  tenacious  leathery  mass.  Owing  to  its  insulating  properties  for  electricity 
it  is  lar|;ely  used  for  coating  telegraph  wires.  The  composition  is  not  definitely  made  out,  but  it 
is  a  hydro^carbon  when  pure.  It,  ho uever,  appears  to  oxidise  somewhat  readily,  and  then  becomes 
friable,  losing  its  valuable  properties. 

GYPSUM.     See  Sulphates,  Calcium. 

GYRATION,  RADIUS  OF.  (Gyrare,  to  revolve ;  yvphi,  round.)  The  distance  from  the 
axis  of  a  rotating  body,  at  which  the  whole  mass  of  the  body  may  be  supposed  to  be  collected, 
without  producing  any  change  in  the  moment  of  inertia.  It  is  a  Unear  magnitude  of  great  im- 
portance in  the  investigation  of  the  properties  of  rotating  solids  ;  for  example,  when  a  solid  body 
oscillates  about  a  fixed  axis,  the  time  of  oscillation  is  the  same  as  that  of  a  simple  pendulum 
whose  length  is  equal  to  the  square  of  the  radius  of  gyration  with  reference  to  the  axis  of.  sus- 
pension, (U  vided  by  the  distance  of  the  centre  of  gravity  below  the  centre  of  suspension.  (See 
Pendulum;  Osdllaiiona,  Centre  of.) 

GYROSCOPE,  {yvpbs  and  cKoirito,  to  look. )  An  instrument  to  illustrate  the  composition  of 
rotations  and  the  resistance  which  a  rapidly  revolving  heavy  body  offers  to  a  change  of  position 
in  its  axis  of  rotation.  It  consists  of  a  metallic  disc,  thin  in  the  centre,  but  having  a  thick  and 
heavy  rim,  capable  of  revolving  upon  an  axis  which  forms  the  diameter  of  a  brass  ring.  This 
ring  can  be  placed  so  that  it  turns  about  an  axis  forming  the  diameter  of  a  second  ring.  If  the 
disc  and  first  ring  be  detached  from  the  second  ring,  and  held  in  the  hands  while  the  disc  is 
set  rotating  in  any  plane,  it  will  be  found  that  so  long  as  no  attempt  is  made  to  turn  the  disc, 
so  that  it  shall  revolve  in  another  plane,  the  weight  of  the  instrument  only  has  to  be  supported, 
but  a  powerful  resistance  will  be  felt  to  an  attempt  to  change  the  direction  of  the  axis.  Again, 
if  while  the  disc  is  revolving  the  ring  be  rolled  aJong  a  level  floor  it  will  be  found  impossible  to 
make  it  keep  upright  and  to  prevent  it  running  out  of  the  right  line.  If  the  outer  ring  be  sus- 
pended by  a  torsionless  thread  and  rapid  rotation  be  communicated  to  the  disc  which  is  then 
abandoned  to  itself,  it  will  continue  to  rotate  in  the  same  plane  until  brought  to  rest  by  friction, 
since  from  the  mode  of  suspension  there  is  no  force  to  cause  the  axis  to  take  a  new  directicn. 
From  this  fact  the  instrument  has  been  used  by  Foucault  and  others  to  demonstrate  the  fact  of 
the  earth's  diurnal  rotation.  If  the  disc  be  caused  to  rotate  in  a  vertical  plane  so  that  its  hori- 
zontal axis  points  to  some  object  on  the  earth's  surface,  after  a  short  time  the  axis  will  apparently 
have  moved  through  an  angle,  the  magnitude  of  which  will  depend  on  the  latitude  of  the  place. 
Again,  if  the  axis  of  the  disc  be  made  to  point  to  a  fixed  star,  then  if  the  earth  were  at  rest  and 
the  heavens  revolved  about  it,  as  they  appear  to  do,  the  star  would  move  from  the  direction  of 
the  axis ;  but  this  is  not  the  case,  for  the  axis  continues  to  point  to  the  same  star  so  long  as  the 
disc  rotates,  showing  that  the  stars  are  fixed  and  the  earth  revolves. 

When  the  conditions  of  suspension  are  varied,  the  movements  of  the  diso  are  always  such  as 
would  result,  according  to  the  theory  of  dynamics,  from  the  composition  of  the  rotation  of  the 
disc  with  that  of  the  earth.  (See  the  Notices  of  Professor  Powell  in  the  Tran9action$  of  the 
Aitronomical  Society,  April  1855.) 

H 

HJBMATIN.  A  erystalline  substance,  constituting  the  red  colouring  matter  of  blood.  It 
forms  small  indistinct  crystals  of  a  red-brown  colour,  is  tasteless  and  inodorous,  insoluble  in 
water,  cold  alcohol,  and  ether.  The  formula  is  not  well  ascertained,  but  it  ia  known  to  contain 
iron. 

HiEMATITE.  The  minerological  name  of  native  sesquioxide  of  iron.  It  is  known  also  as 
native  ferric  oxide,  red  iron  ore,  oligistic  iron,  and  sometimes  as  kidney  ore.  In  the  pure  state 
it  contains  70  per  cent,  of  iron,  the  formula  being  FcjOg.  It  occurs  in  the  crystalline,  massive, 
and  earthy  state  in  large  veins  or  beds,  and  is  one  of  the  most  valuable  ores  d  iron. 

HiEMATOXYLIN.  The  crystallised  substance  to  which  the  colouring  properties  of  log- 
wood {Hcematoxylon  CampecManum)  are  due.  Formula  Ci^Ht^O^.  It  forms  colourless  trans- 
parent crystals,  very  brilliant  and  sometimes  of  considerable  length.  It  is  slightly  soluble  in 
cold  water,  but  more  so  in  hot  water,  alcohol,  and  ether.  It  has  a  strongly  saccharine  taste 
resembling  that  of  liquorice.  Under  the  influence  of  alkalies  and  oxygen  it  rapidly  changes  to 
a  colouring  matter. 

HAIDINGER'S  FRINGES  OR  TUFTS.  This  term  is  appUed  to  certam  phenomena  of 
light,  first  observed  by  Haidinger,  by  which  a  polarised  beam  can  be  detected  by  ordinary 
vkion.    (See  Polarised  Light.) 

HAIL.  A  shower  of  discrete  pieces  of  ice  (how  formed,  and  under  what  laws  is  unknown),  is 
called  a  haUstozm.    Sir  John  Herschel  considers  that  the  fragments  of  ice  in  an  ordinary  hail- 
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storm  are  simply  frozen  ram>drops.  Where  larger  masses  of  ice  are  observed  to  fall,  he 
considers  regelation  (q.v.)  to  have  been  ooncemed,  and  the  great  hailstones  to  have  been  foimed 
during  the  *^  hurtling  together  of  masses  of  ice  in  the  air."  Others  attribute  hail  to  the  action 
of  electricity  in  the  upper  regions  of  air.  Undoubtedly  hailstorms  are  always  accompanied  by 
electrical  phenomena,  but  this  fact  does  not  in  itself  indicate  an  electrical  origin,  since  a  hail- 
storm must  necessarily  be  accompanied  by  a  great  commotion  in  the  air,  and  the  sudden  oom- 
mingling  of  saturated  masses  at  different  temperatures,  so  that  electrical  action  would 
undoubtedly  be  exdted.  Therefore  Sir  John  Herschel  may  be  right  in  saying  that,  to 
attribute  hailstorms  to  electricity,  is  putting  the  effect  for  the  cause.  But  the  evidence  we 
have,  scarcely  justifies  us  in  summarily  rejecting  all  electrical  hypotheses  in  accounting  for  hail- 
storms, since  no  explanation  has  yet  been  given  of  the  drcumstanoes  under  which  hailstonnB 
appear,  and  of  the  phenomena  they  present.    These  are  as  follows : — 

Hail  often  falls  before  a  heavy  rain  shower,  very  rarely  following  rain.  The  douds  from 
which  hail  falls  are  very  dense,  and  somewhat  resemble  bronze  in  colour ;  they  have  irregular 
edges,  and  are  at  no  very  great  elevation.  Hailstorms  commonly  last  but  a  short  time,  sddom 
so  long  as  a  quarter  of  an  hour. 

Doubtless  the  ordinary  cause  of  a  hailstorm  is  the  sudden  irruption  of  an  extremely  cold  air- 
current  into  a  mass  of  moisture-laden  air.  The  first  result  of  such  an  irruption  would  be  the 
rapid  condensation  of  the  vapour,  and  the  freezing  of  the  water  drops.  Then  would  follow  an 
inrush  of  air  from  all  sides,  caused  by  the  sudden  contraction  of  the  cooled  air-masses.  Tins 
inrush  would  cause  whirling  airHmrrents  (sufficing  to  account  for  the  occasional  formation  of 
very  large  hailstones  by  accretion),  and  thus  a  still  further  condensation  would  take  place ;  but 
as  ihe  freshly  arrived  air  would  not  be  exceedingly  cold,  like  that  which  caused  the  first  con- 
densation, rain  instead  of  hail  would  be  formed. 

Some  hailstones  have  been  of  enormous  size.  On  May  8,  1832,  a  mass  of  ice  fell  in  Hun- 
gary, which  measured  about  a  yard  in  length,  and  two  feet  in  depth ;  and  it  is  said  that  in 
1849  a  mass  fell  in  Boss-shire  which  was  nearly  twenty  feet  in  drcumferenoe.  Hailstones  arc 
generally  composed  of  alternate  layers  of  dear  and  opaque  ice,  surrounding  a  nucleus  of  cam- 
pressed  snow.  Sometimes  they  exhibit  crystal-shaped  masses  radiating  from  the  centre.  Yez^ 
large  hailstones  often  contain  several  nudei,  and  have  a  surface  brisUing  all  over  with  smaJJ 
projections. 

HALLET'S  COMET.  A  comet  celebrated  as  the  first  whose  periodic  motion  was  recog- 
nised.    (See  Comet.) 

HALO.  (dXtf,  a  threshing  floor,  originally  of  a  round  shape.)  A  luminous  ring  round  the 
sun  or  moon,  due  to  refraction  of  its  light  through  light  doud,  fine  mist,  or  minute  crystals  of 
snow  in  the  atmosphere.  Halos  are  of  prismatic  colours.  The  phenomena  of  PaiMion. 
and  Paraadene,  are  due  to  similar  causes. 

HALOID.  The  term  haloid  salt  was  given  by  Berzelins  to  those  salts  which  consist  only  of  a 
metal  and  an  dectro-negative  radical  or  halogen,  such  as  chlorine,  bromine,  iodine,  cyanogen,  Ac 
The  term  was  used  in  contradistinction  to  amphid  salts,  which  he  sui^)06ed  to  result  from  the 
combination  of  a  base  with  an  acid.  Thus  chloride  of  sodium  would  be  a  hsdoid  salt, 
consisting  only  of  tiie  metal  sodium  and  the  halogen  chlorine,  whilst  sulphate  of  soda  would  be 
an  amphid  salt,  as  it  was  supposed  to  comdst  of  the  base  soda  united  with  sulphuric  add.  In 
modem  chemiod  nomenclature  this  distinction  is  not  made,  the  two  classes  being  considered 
identical ;  sulphate  of  soda  being  formed  on  the  type  of  chloride  of  sodium.  (See  FormukB, 
Chemical.) 
HAMAL.    (Arabic.)    The  star  a  of  the  constellation  Aries. 

HAMMEB.  (Anglo-Saxon  and  Grerman,  Aam«r;  Danish,  Juimmer.)  A  heavy  mass,  usually 
metallic,  attached  transversely  to  a  bar  of  wood  or  metal.  The  blow  of  a  hammer  derives  itc 
utUity  from  expending  in  an  instant  the  accumulated  enex^  of  the  continued  motion  of  the 
heavy  mass  for  an  appreciable  length  of  time.  For  instance,  a  hammer  falling  on  the  head  of 
a  nail  expends  at  the  instant  of  contact  all  its  momentum  in  overcoming  the  cohesion  of  the 
particles  of  the  wood  into  which  the  nail  is  driven.  If  the  duration  of  the  blow  is  sensibly  pro- 
longed, much  less  effect  can  be  produced  in  separating  the  partides.  Therefore,  wherever  the 
wooid  into  which  the  nail  is  driven  is  but  slightly  fixed,  and  is  capable  of  recoiling  from  the 
blow,  it  is  impossible  to  gain  the  full  effect  of  percussion.  (See  Percumon ;  Sledge  Hammer; 
Coming  Press.) 

HABDNESS.  The  quality  of  bodies  by  which  the  constituent  molecules  keep  their 
relative  positions,  so  as  to  resist  any  force  which  tends  to  diange  the  figure  of  the  body.  It  is 
a  modification  of  cohesion,  and  is  intimately  connected  with  elastidty.  The  hardness  of  a  body 
does  not  depend  on  its  density,  for  we  often  find  very  heavy  bodies  comparatively  soft.  Thus 
glass  is  harder  than  dther  gold  or  platinum,  and  will  scratch  the  Bui£ace  of  dther  of  these 
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metals,  although  the  latter  is  aboat  eight  times  as  dense  as  glass.  Again,  gold  and  platimmi, 
although  the  densest  of  metali^  are  softer  than  iron  and  zinc,  which  are  oomparatiyely  light. 
Hardness  and  elasticity  are  usually  connected,  but  not  always ;  thus  india-rubber,  although  very 
elastic,  is  at  the  same  time  soft    (See  Tenacity;  EUatieUy  ;  and  OompresnbilUy.) 

HABDNESS  OF  MINERALS.  EstimationB  of  the  hardness  of  mineials  are  rendered 
more  definite  by  referring  them  to  Mohr's  scale  of  hardness.  This  consists  of  the  following 
minerals : — 


1.  To^,  common  laminated  light  green  yaxiety. 

2.  Gypaum,  a  crystallised  variety. 
3*  CalcspaTf  transparent  variety. 

4.  Fliuyrspar,  crystalline  variety. 

5.  Apatite,  transparent  variety. 
5.5.  SeapoliU,  crystalline  variety. 


6.  Fddtpar   (orthodase),    white   deavable 

variety. 

7.  QuartZf  transparent. 
&    TopaZf  transparent. 

9.    Sapphire,  deavable  variety. 
10.    Diamond* 


To  determine  the  hardness  of  a  mineral,  ascertain  by  experiment  which  of  these  it  will 
scratch,  and  which  will  scratch  it ;  thus  if  a  mineral  will  scratch  calcspar,  but  not  fluorspar, 
whilst  fluorspar  will  scratdi  it,  its  hardneas  is  said  to  be  between  3  and  4. 

HARM  ATT  AN.  A  periodical  wind  blowing  from  the  Sahara  desert  to  the  Atlantic,  between 
north  latitude  15**  and  south  latitude  i%  during  December,  January,  and  February. 

HARMONICS.  All  musical  notes  so  related  to  a  given  note,  that  the  numbers  of  vibrations 
per  second  which  produce  the  former  are  exact  multiples  of  the  number  of  vibrations  per  second 
of  the  latter,  are  termed  the  harmonics  of  the  given  or  fundamental  note.  All  the  notes  pro- 
duced by  exact  sub-divisions  of  a  stretched  string  are  harmonics  of  the  note  produced  by  the 
vibrations  of  tiie  string  as  a  whole.  The  first  harmonic  of  the  fundamental  note  of  any  string 
is  that  produced  by  half  the  string,  and  is  the  octave  of  the  first ;  the  second  harmonic  is  the 
dominant  or  fifth  above  the  firsts  and  is  produced  by  one-third  of  the  string,  and  so  on.  If,  for 
example,  the  fundamental  note  be  C  produced  bv  512  vibrations  per  second,  the  harmonics  in 
order  are  Cf,  by  1024  or  2  x  512  vibrations ;  G,  by  1536  or  3  x  512  ;  C",  by  4  x  512 ;  E", 
by  5  X  512  vibrations,  and  so  on.  The  complete  series  of  harmonics  contains  all  the  notes  of 
the  musical  scale. 

Generally  when  a  string,  a  bell,  or  the  air  of  a  tube  vibrates  as  a  whole,  it  also  vibrates  in 
parts  so  that  several  of  the  harmonics  are  superposed  on  the  fundamental  note,  and  may  fre- 
quently, especially  with  a  large  bell,  be  distinguished  by  the  ear.  The  difference  of  quality  in 
the  notes  of  different  instruments  is  chiefly  due  to  the  various  ways  in  which  the  harmonics  of 
each  fundamental  note  are  simultaneously  produced.    (See  VibreitioM  of  String.) 

HARMONY  is  Uiat  branch  of  the  musical  art  whidi  treats  of  the  agreement  of  simultaneous 
sounds.  The  term  is  thus  used  in  contradistinction  to  melody,  which  consists  of  individaal 
sounds  produced  in  succession. 

Chord. — ^A  group  of  sounds  agreeing  according  to  the  laws  of  musical  sdence,  and  intended 
to  be  produced  simultaneously,  is  called  a  chord. 

Common  Chord, — The  simplest  chord  is  the  tiard  or  common  chord,  consisting  of  a  root  or 
fundamental  note,  with  its  third  ttndjifih;  e.g^  o-€-g,  d-f-<L 

Chords  take  the  specific  names  of  their  root  sounds.  Thus  the  chord  c-«-^  is  called  the  chord 
of  C,  d-f-a  the  diora  of  D. 

Triads  or  common  chords  are  mqjor  or  minor,  according  as  the  interval  between  them  is  a 
major  or  minor  third.  Thus  the  triad  o-e-g  is  major,  because  the  interval  c-e  is  major,  the 
triad  (2-/-<»  is  minor,  because  third  c{>/ is  minor. 

In  the  major  mode  the  triads  upon  the  firtt  (tonio),  fourth  (subdominant),  and  fifth  (dominant) 
degrees  of  the  scale  are  miC^or,  and  those  upon  the  tecond  (superUmic),  third  (mediant),  and 
9Uiah  (sub-mediant)  degrees  are  minor. 

DinUniahed  Triad, — li  the  seventh  desree  of  the  scale  be  taken  as  the  root  of  a  triad,  we 
get  a  triad  which  is  neither  major  nor  mmor.  In  both  the  latter  the  interval  between  the  root 
and  fifth  is  perfect,  but  in  the  triad  upon  the  seventh  of  the  scale,  while  the  third  is  minor  as 
in  the  minor  triads,  the  fifth  is  imperject  or  diminithed,  hence  this  triad  is  called  the  imperfect 
or  diminished  triad. 

In  the  minor  mode  the  triads  upon  the^rff  ajad  fourth  degrees  are  minor,  those  upon  the 
fifth  and  sixth  are  mqjor,  those  upon  the  second  and  seventh  are  diminished,  and  the  remaining 
triad,  that  upon  the  ti^rd,  viz.,  o-e-g  j|  >&  A  minor,  oonsisting  of  a  root^  a  mq/or  third,  and  an 
augmented  fifth,  is  called  an  ofugm/enited  triad. 

Major  caid  Minor  Modes, — On  comparing  the  two  modes  It  will  be  seen  that  major  triads 
are  more  numerous  in  the  major*  than  in  the  minor  mode,  and  that  in  the  former  they  occur 
upon  each  of  the  prindpal  degrees,  viz.,  ^e  first,  fouirth,  ssiA  fifth  ;  whereas  in  the  latter,  the 
triad  on  one  only  (the  fifth)  is  major,  the  other  two  carrying  minor  triads.   This  drcnmstanoe, 
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together  with  the  fact  that  two  of  the  remaining  triads  are  diminished,  and  that  the  other  is 
distinguished  by  the  presence  of  an  augmented  interval  of  harsh  and  unpleasant  effect,  will  serve 
to  explain  in  a  measure  the  wide  difference  that  exists  between  the  two  modes  in  their  effect 
upon  the  ear. 

Chord  of  the  Seventh.-^The  chord  next  in  order  of  importance  to  the  triad  is  the  chord  of  the 
aeventhy  formed  by  adding  to  the  triad  a  fourth  sound  at  the  interval  of  a  seventh  from  its 
root ;  e.g.f  c-e~^-b,  d-f-ct-c,  &c. 

Dominant  Chord, — There  are  many  varieties  of  the  chord  of  the  seventh,  by  far  the  most  im- 
portant being  that,  whose  root  is  the  fifth  or  dominant  of  the  scale,  and  which  is  called  from  this 
drcumstance  the  Chord  of  the  Dominant  Seventh,  or  briefly  the  Dominant  Chord;  e.g.,  ff-b-d-f 
in  the  scale  of  C  (major  or  minor). 

The  dominant  chord  consists  of  a  root  with  its  m^nfor  third,  perfect  fifth,  and  minor  feventh, 
and  is  the  same  in  the  minor  as  in  the  major  mode.  It  will  be  seen  further  also  that  the  same 
combination  cannot  be  formed  upon  any  other  degree  of  either  the  major  or  minor  mode,  nor 
can  it  be  obtained  from  any  other  scale  than  that  to  which  it  belongs.  This  latter  proposition 
may  be  readily  proved  as  follows.  Take  the  chord  given  above,  viz.,  g-h-d-f  the  dominant 
chord  of  G  major.  Because  it  contains  the  note  F  it  cannot  belong  to  any  of  the  scales  with 
sharps  in  their  signature,  since  in  all  these  the  F  is  sharp  ;  and  since  it  contains  the  note  B,  it 
cannot  be  obtained  from  any  of  the  scales  with  flats  in  their  signatures,  as  in  each  of  these  the 
B  is  flat.    The  same  proof  applies  equally  to  the  minor  keys. 

It  follows  from  this,  that  the  dominant  chord  is  always  a  sure  indication  of  the  key  of  the 
piece  in  which  it  occurs.  It  does  not,  however,  indicate  the  mode.  To  determine  this  it  is 
necessary  to  look  also  at  the  tonic  triad,  which,  as  we  have  already  stated,  is  major  or  minor 
according  to  the  mode. 

Chord  of  the  Ninth. — If  to  the  dominant  chord  a  fifth  sound  be  added,  a  third  above  the 
seventh,  and  consequently  a  ninth  above  the  root,  we  obtain  a  chord  of  the  ninth,  e,g. 

g-b-dr-f-a  in  C  major, 
and  g-h-d-f-a  7,  in  C  minor. 

That  obtained  from  the  major  scale  is  called  the  chord  of  the  major  ninih,  that  from  the  minor 
scale  the  chord  of  the  minor  ninth. 

Doubling. — If  a  sound  of  a  chord  is  produced  by  more  than  one  voice  or  instrument  either  in 
the  unison  or  the  octave,  it  is  said  to  be  doubled.  Any  note  of  a  chord  may  be  thus  doubled, 
but  as  a  general  rule  the  third  and  atvenJthy  being  by  themselves  of  a  more  striking  character 
than  the  other  intervals,  are  the  ones  most  frequently  exempted  from  doubling. 

Omiuum.  — It  also  frequently  happens  that  one  or  more  intervals  of  a  chord  have  to  be  omitted. 
Here  aeain  it  is  the  third  and  seventh,  together  with  the  root  of  the  chord  of  the  seventh  that 
can  be  least  readily  dispensed  with,  as  they  are  the  most  characteristic  intervals  of  the  chord. 
If  the  root  of  the  dominant  chord  be  omitted,  we  get  the  diminished  triad  on  the  seventh  of 
the  scale  before  described. 

Thus  from  the  dominant  chord  g-^f-d-f,  by  omitting  the  root  g,  we  get  the  diminished  triad 
h-d-f. 

Diminished  Seventh,  Again  from  the  chord  of  the  minor  ninth,  by  omitting  the  root,  we  gc^ 
a  chord  of  the  seventh  ooELsisting  of  a  diminished  triad  and  a  diminished  seventh,  e.g.,  b^-d-f-a  v 
from  g-h-d-f-a  b.  This  is  called  the  chord  of  the  diminished  seventh,  and  forms  very  important 
functions  in  modem  music  on  account  of  the  facilities  it  affords  the  composer  in  effecting  changes 
of  key. 

Position, — In  the  preceding  remarks,  we  have  considered  chords  in  the  light  of  the  natural  or 
normal  arrangement  of  their  sounds,  t.e.,  as  they  stand  in  the  order  of  thirds  from  their  root 
upwards.  But  any  note  of  a  chord  may  appear  in  the  highest  part  without  affecting  the  nature 
of  the  chord.  The  variations  then  produced  are  termed  positions.  If  the  root  is  at  the  top  as 
well  as  at  the  bottom,  the  chord  ia  in  ita  first  posiHon,  F^.  a.  If  the  third  appears  at  the  top 
the  chord  is  said  to  be  in  its  second  position,  ^ig.  b,  II  the  fifth  is  at  the  top,  tiie  chord  is  in  its 
^irdposiUon,  Fig.  e. 
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Inversion. — Chords  are  further  varied  in  effect,  though  not  in  their  essential  nature,  when 
any  other  interval  than  tiie  root  appears  in  the  lowest  part.  These  variatioDB  in  the  arrange- 
ment of  the  notes  of  a  chord  are  termed  inversions. 
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If  the  third  appears  in  the  lowest  part,  the  chord  is  said  to  be  in  its  first  invertion.  Fig.  a 
shows  the  first  inversion  of  the  common  chord,  aa  the  first  inversion  of  a  chord  of  the  seven^. 

If  the  fifth  appears  in  the  highest  part,  the  chord  is  said  to  be  in  its  tecand  inversion. 
Figs.  6,  bb. 

If  the  seventh  appears  in  the  highest  part,  the  chord  is  in  its  third  inversion,  Fig.  e. 
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Chiyrd  of  the  Sixth, — These  various  inversions  have  special  names  derived  from  the  intervals 
which  their  more  important  sounds  form  with  the  lowest  sound  in  each  case.  Thus  the  most 
important  sounds  of  the  triad  are  its  root  and  third*  In  the  first  inversion  the  latter  is  the 
lowest  sound,  and  the  former  makes  with  it  the  interval  of  a  sixth  ;  hence  the  first  inversion  of 
a  common  chord  is  called  the  chord  qf  the  sixth. 

Chord  of  the  Sixth  and  Fourth.  — The  second  inversion  of  the  common  chord  is,  for  similar 
reasons,  called  the  chord  of  the  fourth  and  sixth,  or  briefly  the  sixfour  cfiord. 

Chord  of  the  Fifth  and  Sixth. — The  most  important  sounds  of  the  chord  of  the  seventh  are 
its  root  and  seventh.  In  the  first  inversion  of  this  chord  the  root  and  seventh  form  the  intervals 
of  a  fifth  and  sixth  with  the  lowest  sound ;  hence  this  inversion  is  called  the  chord  of  the  fifth 
and  sixth,  or  briefly  the  six-five  chord. 

Chord  of  the  Third  and  Fourth.— In  the  second  inversien  the  root  and  seventh,  with  the 
lowest  sound,  forms  intervals  of  a  third  and  fourth,  this  inversion  is  accordingly  designated  the 
chord  of  the  third  and  fourth,  or  briefly  the  Ihrtefour  chord. 

Chord  of  the  Second. — In  the  third  inversioDi  the  seventh  is  the  lowest  sound,  and  because  the 
root  forms  with  it  an  interval  of  a  second,  the  chord  is  called  a  chord  of  the  second. 

Inversions  of  the  chords  of  ^e  ninth  are  so  rarely  used,  that  it  has  not  been  deemed  neces> 
sary  to  supply  them  with  similar  independent  designations. 

Any  interval  of  a  chord  may  be  occasionally  raised  or  lowered  a  semitone.  In  this  way, 
combined  with  inversion,  certain  most  pleasing  combinations  liave  been  produced,  some  of 
which  have  become  so  important  as  <to  merit  special  names.  The  chief  of  these  are  certain 
chords  of  the  sixth,  which  we  must  not  omit  to  describe. 

The  Italian  Sixth. — If  we  take  the  minor  chord  on  the  fourth  degree  of  the  minor  scale — 
viz.,  df-a  in  A  minor,  and  raise  the  root  a  semitone,  e.g.,  djtf-a,  we  get  a  chord  with  diminished 
third  as  well  as  a  diminished  fifth,  and  which  is  therefore  called  a  dovily  diminithed  chord, 
Tbe  first  inversion  of  this  chord  is  called  the  chord  of  the  Italian  sixth. 

Original  Chord.     Chromatically        Inverted. 

altered. 
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This  chord  is  of  frequent  occurrence  in  music  in  the  minor  mode.  Its  derivation  is  shown  by 
the  fact  that  it  is  invariably  followed  by  the  dominant  chord  of  the  scale  txom  which  it  is  said 
to  be  derived.    Thus— 
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The  German  Sixth.  —It  the  chord  of  the  seventh  on  the  second  degree  of  the  minor  mode  be 
taken.  Fig.  a,  and  its  third  be  chromatically  raised.  Fig.  6,  and  then  tiie  diord  be  placed  in  its 
second  inversion,  Fig.  c,  we  have  what  is  caJled  the  chord  of  the  Oennan  siaOh, 
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Original  Chord.     Chromatically        Inverted. 

altered. 
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It  will  be  seen  thftfe,  by  the  ominion  of  its  root,  this  chord  becomes  identical  vith  that  of  the 
Italian  sixth. 
TkA  French  Sixth.^li  the  root  of  the  preceding  chord  be  ondtted,  and  the  ninth  added^- 

Fnndamental  With  added    Root  omitted  and  )    Inverted. 
Chord.  Ninth.        Third  sharpened.   ) 


i 
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we  get  an  agmnented  chord  of  the  sixth  and  fifth,  which  is  sometimes  called  the  French  tketk, 

'Ae  other  inversions  of  these  chords  are  seldom  nsed. 

Close  and  Diepened  Barmany. — If  the  sounds  of  a  chord  are  dtoated  as  close  together  as 
possible  the  harmony  is  termed  dote;  if  they  are  at  greater  distances  from  each  other,  the 
harmony  is  said  to  be  more'or  less  extended  or  disperted. 

In  a  snooession  of  chords  it  is  very  material  that  they  shall  be  connected  with  one  another. 
This  may  be  affected  by  so  arranging  that  each  sacoeeding  chord  has  one  or  mare  notes  in 
oommon  with  its  predecessor,  or  tfa^t  their  roots  are  always  related  to  each  other. 
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In  Fig.  a  the  first  three  chords  have  the  note  G  in  common  ;  the  third  and  fourth  have  the 
note  G  in  common ;  the  fourth,  fifth,  and  sixth  the  note  F ;  the  sixth  and  seventh  the  note  G. 
The  succession  is  the  more  firmly  welded  when  the  notes  which  ooDsecutive  chords  possess  in 
oommon  are  produced  by  the  same  voice  or  instrument^  or,  in  other  words,  when  they  are  in  the 
same  part. 

In  Fig.  hf  though  the  first  pair  of  chords  have  no  note  in  common,  they  are  nevertheless  closely 
related,  the  first  being  the  tonic  harmony  of  the  key  of  C,  and  the  second  which  is  the  triad  upon 
the  dominant  of  the  key  of  G,  the  nearest  relative  of  the  key  of  0.  The  third  chord  is  the  triad  on 
the  tonic  of  G,  and  the  fourth  is  the  second  inversion  of  the  dominant  triad  of  the  same  key 
(G),  and  the  fifth  chord  not  only  has  two  sounds  in  common  with  its  predecessor,  but  is  at  the 
same  time  the  dominant  chord  of  the  nearest  relative  of  the  key  of  G,  namely,  the  key  of  D 
major. 

ConsecuUve  Fifths  and  OtUtim, — ^In  moving  a  number  of  voices  from  diord  to  chord,  care 
must  be  taken  to  avoid  what  are  termed  fdUt  progressions.  No  two  parts  should  be  allowed  to 
move  in  fifths  or  octaves,  as  in  the  following  figure, 


where  the  upper  and  lower  parts  move  in  octaves,  and  the  lower  and  one  of  the  inner  parts  move  in 
fifths.  Such  progressions  are  termed  consecutive  Jifths  and  octaves.  They  may  be  avoided  either 
by  changing  tiie  position  of  the  chords,  or  by  otherwise  altering  the  movement  of  the  parts ; 
thus: 


or 
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ResdluUon, — The  movement  of  a  part  from  an  interval  of  one  chord  to  one  of  the  next  following 
chord  is  called  a  resolution.    The  first  interval  is  said  to  resolve  itself  into  the  latter.    Certain 
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chords  require  that  their  intervali  shall  be  resolved  in  a  particnlor  direction,  and  to  certain  in- 
tervaLs  of  the  following  chord.  This  is  particularly  the  case  with  the  dominant  diord,  and  the 
chords  of  the  ninth  derived  from  it.    In  tiie  resolntion  of  these  chords  the  general  role  is  for 

The  seventh  to  descend  one  degree ; 

The  third  to  ascend  one  degree ; 

The  fifth  may  move  freely ; 

The  root  to  move  to  the  root  of  the  next  chord ; 

The  ninth  to  follow  the  seventh  downwards  one  degree. 
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The  same  rule  applies  more  or  less  to  the  inversions  of  the  dominant  chord,  chord  of  the  ninth, 
and  diminished  triad. 

Modulation. — It  veiy  rarely  happens  that  a  composition  remains  its  entire  length  in  the  key  in 
which  it  commenced,  tsad  to  whidi  it  chiefly  adheres,  and  which  is  called  on  this  account  the 
key  of  the  piece,  or  the  principal  hey, 

A  change  from  one  key  to  another  is  called  a  modidation.  If  the  new  key  is  continued  for  a 
brief  space  only,  and  the  idea  of  the  principal  key  is  not  wholly  obliterated  from  the  mind,  the 
modulation  is  said  to  be  transient  ^  If  the  new  key  continues  for  any  length  of  time,  the  modu- 
lation is  said  to  be  cof^rmed. 

The  keys  generally  selected  to  follow  the  principal  key  are  those  most  intimately  related  to 
it.  These  are,  first,  the  keys  of  the  dominant  and  ivb-dominant ;  next,  the  relative  minor  keys 
of  the  toniCf  dominant,  and  tub-dominant.  If  still  furtiier  modulation  is  required  the  keys  most 
nearly  i^ted  to  these  are  entered.  Pieces  in  a  major  key  generally  modulate  first  into  the 
key  of  the  dominant.     Those  in  a  minor  key  move  most  frequentiy  into  its  relative  major. 

When  a  composition  follows  the  above  scheme  of  modulation,  its  modulation  is  said  to  be 
gradual  or  naturoL 

Sometimes  for  the  sake  of  efiect  a  sudden  change  is  effected  into  a  more  distant  key.  In  this 
case  the  modulation  is  termed  abrupt 

Modulation  is  effected  by  introducing  sounds  characteristic  of  the  key  Into  which  it  is  desired 
to  enter.  Now,  as  the  dominant  chord  is  the  most  certain  indication  of  the  key  to  which  it 
belongs,  it  is  found  to  be  the  most  potent  agent  for  effecting  modulation.  If,  for  example,  in 
a  piece  in  the  key  of  C  major,  the  chord  d-fji<i-e  made  its  appearance,  we  should  know  at 
once  that  a  modulation  was  being  effected  into  the  key  of  the  dominant  G.  If  the  combination 
e-ff  ib-d  were  heard  we  ihould  conclude  that  a  modidation  was  taking  place  into  the  relative 
minor  A.    We  here  append  a  few  modulations  by  way  of  example : — 
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If  very  distant  ohaiiges  of  key  are  reqinied,  intermediate  connecting  chords  are  introdooed. 
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Or  enhannonlo  duogw  may  be  made,  that  ii,  the  same  Kmnda  nuiiy  be  repmantad  in  the  notv 
tfam  of  their  enhannanically  parallel  toondi,  thus : — 
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At  a,  speedy  modulation  is  effected  between  the  two  veiy  distantly  relatcxl  keys  of  C  ji  and 
E  b,  by  simply  substituting  for  the  first  chord  of  C  jl  its  enharmonically  parallel  chord  D  b,  which 
is  much  more  closely  relaied  to  the  required  key.  An  almost  equally  distant  modulation  is 
affected  in  a  similar  manner  at  h. 

The  chord  of  the  diminished  seventh  affords  a  ready  means  of  getting  from  one  key  to  another, 
with  the  assistance  of  an  enharmonic  change,  although  it  is  not  so  pronounced  and  decisive  in 
its  effect  as  the  dominant  chord.  Owing  to  the  peculiar  relation^p  of  its  sounds,  it  may  by 
the  successive  substitution  of  their  enharmooiQ  parallels  be  made  to  point  to  us  many  as  four 
different  and  distantly  related  keys. 


Kg. 


At  a  we  have  the  diminished  seventh  chord  on  the  seventh  degree  of  A  minor  resolving  itself 
into  the  tonic  chord  of  the  same  key  ;  at  6  we  have  the  same  sounds,  only  by  reason  of  the  enhar- 
monic change,  A  b  instead  of  6  ft,  they  point  to  the  key  of  G  minor ;  at  c  we  have  the  same 
chord,  but  with  two  of  its  sounds  subjected  to  an  enharmonic  change,  pointing  to  the  key  of 
£  t^  minor  ;  at  c2  in  a  similar  change  of  three  of  its  soimds  it  appears  as  belonging  to  the  key 
of  F  jt  minor ;  and  at  e  by  an  enhaimonio  change  of  all  its  sounds  it  points  to  the  key  of 
D  B  minor. 

FaUe  Rdation, — When  two  successive  chords  contain  the  same  degree  of  the  scale,  but  chro- 
matically varied  or  lowered  in  the  second  chord,  the  chromatic  alteration  should  be  made  in  the 
parts  or  Dy  the  voioe  which  sounded  the  oziginal  note ;  as  at  A  and  not  as  at  B. 
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The  non-observance  of  this  rule  produces  what  is  called  a  falte  rdaJtUm  between  the  parts, 
which  is  disagreeable  to  the  ear.  This  was  a  great  bugbear  to  the  ancient  theorists,  who 
termed  it  **  mi  contra  &."  There  are  certain  cases  in  wMch,  when  the  effect  is  modified  by 
surrounding  circumstances,  its  use  may  be  justifiable,  but  as  a  general  rule  it  is  better  avoided 
altogether. 

'&»  progression  of  a  series  of  chords  may  be  considered,  in  fact  is  always  most  properly  con- 
sidered, as  the  simultaneous  progression  of  as  many  distinct  parts  or  melodies  as  there  are  notes 
in  the  several  chords.  In  this  view  of  the  progression  of  parts  in  harmony  several  very  impor- 
tant and  interesting  features  find  their  most  natural  explanation. 

Stupentum. — We  have  hitherto  considered  that  the  several  parts  progress  from  chord  to  chord 
simultaneously.  But  a  great  variety  of  very  charming  effects  are  obtained  by  the  dis^mul- 
ianeous  progression  of  the  parts.  One  of  the  most  important  of  these  is  the  tutpenaion.  A  note 
is  said  to  be  suspended  when  it  is  continued  from  one  chord  to  another  to  which  it  does  not 
properly  belong,  and  into  a  proper  interval  of  which  it  must  finally  resolve  itself. 
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At  a  the  note  B  ia  saspended  during  the  first  half  of  the  second  chord,  and  resolves  itself 
upwards  into  the  note  C.  This  is  called  a  snspension  from  hdow.  At  h  the  note  E  is  sus- 
pended during  a  portion  of  the  second  chord,  and  resolves  itself  finally  downwards  into  a  note 
^f  that  chord.  This  is  called  a  suspension  from  above.  It  will  be  noticed  that  the  suspended 
note  makes  its  appearance  as  a  proper  interval  of  the  previous  chord.  This  previous  appearance 
is  called  by  theonlBts  the  preparation  of  the  nupemUm, 

AnUcipation, — Sometimes  during  the  continuation  of  a  chord,  a  sound  having  no  connection 
with  it,  but  belonging  to  the  succeeding  chord,  is  introduced  without  any  sort  of  preparation.    ' 


In  the  above  example  the  note  C  in  the  first  bar  has  no  connection  with  the  chord  e^^h^  but 
belongs  to  the  following  chord  of  the  fifth  and  sixth  erg-h  b-c.  Such  a  premature  appearance  of 
a  sound  is  called  an  anticipation^  and  the  sound  itself  is  called  an  anticipated  sound. 

Pedal  Note, — Sometimes  a  sound  of  a  chord  is  continued  during  the  passage  of  a  series  of 
other  chords  to  which  it  is  quite  foreign,  and  until  a  chord  occurs  to  which  it  does  belong.  Such 
a  sound  is  called  a  pedal  note,  the  whole  passage  in  which  it  occurs  a  pedal  passage. 

Pasting  Notes. — In  passing  from  one  interval  of  a  chord  to  the  next  the  intermediate  note  or 
notes  may  be  touched.  The  notes  thus  introduced  are  called  notes  of  transition  or  passing 
notes* 
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The  notes  D  and  F  (Fig.  a)  in  the  above  example  are  passing  notes. 

Passing  notes  may  be  diatonic  or  chromatic  diatonic,  and  they  may  be  introduced  to  the 
number  of  three  or  even  four  in  succession.  Fig.  h,  in  which  the  notes  G  |L  D,  D  ^  and  £,  are 
passing  notes. 

Thmugk  Bass. — Thorough  bass  is  a  kind  of  musical  shorthand  in  which  the  harmony  of  a 
composition  is  indicated  by  certain  figures  placed  above  or  below  the  baas  part. 

If  no  figure  appears  over  a  note  it  is  understood  that  the  common  chord  on  the  bass  note  is 

to  be  played.    This  chord  is  also  figured  by  s,  |,  |,  etc. 


•        signifies  that  a  chord  of  the  sixth  is  to  be  played. 
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sixth  and  fourth  is  to  be  played. 

seventh 

sixth  and  fifth 

third  and  fourth 

second 

ninth 


n 
» 
n 

»> 


A  chromatic  sign  before  a  figure  has  the  same  effect  as  though  it  were  placed  before  the  note 
>epE«Bentcd  by  the  figure.  When  the  third  from  the  bass  note  is  to  be  Uius  altered,  the  chro- 
matic sign  is  written  without  a  figure.  Suspensions,  anticipations,  and  passing  notes  are  indi- 
cated by  figures  showing  the  interval  they  severally  make  with  the  bass  note. 

The  above  are  the  chief  elements  of  thorough  bass  notation ;  several  other  details  are  intro- 
duced which  it  is  not  neoessaiy  here  to  enumerate.  As  a  svstem  of  notation  it  is  veiy  deficient 
in  that  it  does  not  represent  the  number  of  parts  that  are  to  be  used,  nor  the  rhythmical  divisions. 
Its  great  use  consists  in  the  fact  that  it  enables  a  composer  to  convey  quickly  to  paper  a  rough 
skeleton'of  his  thoughts  while  they  are  fresh  on  his  inind.  It  is  not,  nowever,  so  mncli  used 
now  as  in  former  times. 

HABTON  COLLIEBY  EXFEBIMENT.    See  BarOi 

HARVEST  MOON.  The  full  moon  which  falls  nearest  to  the  autumnal  equinox.  Near 
the  autumnal  equinox  the  half  of  the  ecliptic  vinble  at  sunset  makes  the  least  possible  angle 
with  the  horizon.  Thus,  when  the  moon  is  neariy  full,  or  rising  as  Uie  sun  sets,  she  is  travd^ 
ling  at  the  least  possible  angle  with  the  horizon,  and  thus  on  successive  nights  rises  nearly  at 
the  same  time,  or  rather  at  times  separated  by  the  least  posstUe  intervals. 
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HEAT.     When  we  tonch  anything  which,  in  ordinary  language,  is  said  to  be  hotter  than  oor- 
selvea  we  experience  a  peculiar  sensation,  familiarly  known  as  h&at.    The  term  is  deiired  in  all 
probability  from  the  Sanskrit  indKf  to  kindle,  through  the  Greek  atOw,  the  Latin  cestus,  and  the 
oJd  German  eU.     It  is  also  closely  related  to  the  Grothic  haitan,  the  FHsian  hjittef  the  Icelandic 
hitaf  and  the  Anglo-Saxon  haeto.     These  words  are  all  related,  more  or  less  directly,  to  agtus, 
*'  ^8tu8,**  says  Vossius  in  his  Lexicon  Etymdogieony  ^  tit  oommotioy  vd  t»  igniy  vd  m  o^tui,  vd 
in  ammo;  omnii  avten  commotio  fervorem  gignit*^    Inasmuch  as  heat  is  now  considered  to  be 
«  motion  belonging  to  matter,  not^  as  was  formerly  believed,  a  kind  of  matter  itself,  it  will  be 
seen  that  the  word  heat  is  peculiarly  appropriate  for  designating  the  science.     We  must  regard 
heat  as  a  motion  appertaining  to  matter — a  motion  of  the  infimtely  small  particles,  or  atoms,  or 
molecules,  of  whidl  all  matter  ia  composed.     This  motion,  when  communicated  to  tiie  brain 
through  ^e  intervention  of  the  particles  of  the  oerebro-spinal  nerves,  produces  in  us  the  aettsa> 
tion  by  which  heat  is  familiarly  recognised  and  known  ;  and  when  communicated  to  inanimate 
matter  it  produces  various  changes,  which  will  be  described  in  detail  elsewhere.     Till  within 
the  last  twenty  years,  heat  was  almost  universally  considered  to  be  a  kind  of  very  subtle  matter, 
capable  of  passing,  in  its  material  form,  from  one  substance  to  another.     Nevertheless*  from 
the  earliest  times,  certain  philosophers  have  expressed  their  opinion  that  heat  is  not  material, 
but  rather  a  quality  of  matter.    The  Stoics  regarded  fire  as  the  active  principle  of  the  universe, 
because  it  possesses  innate  motion.     Epicurus  considered  heat  as  an  effluxion  of  minute 
spherical  particles  possessing  rapid  motion,  and  capable  of  insinuating  themselves  into  the 
densest  siibetances  in  virtue  of  their  smallness  and  the  rapidity  of  then:  motion.     Lucretias, 
who  followed  Epicurus  somewhat  closely,  maintained  that  both  the  light  and  heat  of  the  sun 
are  the  result  of  the  vehement  motion  of  primary  particles  (^^primi  miMUi  ").  Aristotle  appears 
to  have  regarded  heat  rather  as  a  condition  of  matter  than  as  matter  itself.      By  the  ancients 
generally,  fire  (under  which  term  was  included  both  light  and  heat)  was  considered  the  active 
agent  of  the  universe  ;  it  was  the  force  exercising  itse&  upon  maUer,     The  function  of  fire  \b 
well  signified  in  the  story  of  Prometheus,  who  was  fabled  to  have  stolen  fire  from  heaven,  and 
therewith  vivified  manlond.     Fire  was  the  atwrna,  while  the  inferior  elements,  air,  water,  and 
earth,  together  constituted  the  corpus.    The  views  of  the  ancients  regarding  the  nature  of  heat 
appear  to  have  been  somewhat  generally  adopted  during  the  Middle  Ages.    Cardanus  (6.  1501) 
frequently  speaks  of  **motu$  ignis**  and  **motta  calorie"     Bobert  Fludd,  writing  in  1617, 
affirms  that  heat  la  the  ultimate  effect  of  the  action  of  light,  resulting  horn  the  motion  of 
material  particles.     Telesius  of  Cosenza  asserted  that  heat  is  the  cause  of  motion,  cold  of 
rest,  and  that  the  interaction  of  these  incorporeal  principles  produces  all  the  phenomena  of  the 
universe.    Frands  Bacon  was  one  of  the  fint  to  deny  the  elemental  nature  of  fire,  by  affirming 
that  it  is  "  merely  compounded  of  the  conjunction  of  light  and  heat  in  any  substance.''    Else- 
where, he  defines  heat  as  "  not  a  uniform  expansive  motion  of  the  whole,  but  of  the  small  parts 
of  a  body  ;  and  this  motion  being  restrained,  repulsed,  and  reflected,  beioomes  alternating,  per- 
petuallv  hurrying,  striving,  struggling,  and  irritated  by  the  repercussion,  which  is  the  source  of 
tHe  violence  of  flame  and  heat."    Again,  he  says,  "  Heat  is  a  motion,  expansive,  restrained,  and 
acting  in  its  strife  upon  the  smaller  particles  of  bodies.*'    As  an  example  of  the  production  of 
heat  by  the  motion  of  a  mass,  he  mentions  that  a  piece  of  metal,  when  hammered,  becomes  hot, 
and  if  the  hammering  were  continued,  would  probably  become  red-hot — an  effect  which  may 
readily  be  produced,  and  an  example  which,  to  this  day,  appears  in  our  text-books.     Descartes, 
who  has  made  many  most  pertinent  remarks  regarding  heat  in  his  Principia  PMlosophicBy  asserts 
that  a  nail  which  is  being  driven  into  a  block  of  wood  does  not  grow  hot  until  after  it  has  been 
forced  home  by  the  hammer,  because  heat  is  the  motion  of  the  insensibly  small  parts  of  matter, 
not  of  masses ;  and  so  long  as  the  nail  itself  is  capable  of  moving,  the  force  of  the  blow  is 
expended  in  producing  the  motion  of  a  mass,  not  in  moving  the  minute  partidea  of  the  body. 
John  Locke  seems  to  have  fully  recognised  the  theory  wlSch  considers .  heat  as  a  motkm  of 
matter.    **  Heat,'*  he  says,  '^  is  a  very  brisk  agitation  of  the  insensible  parts  of  the  object^  whidi 
produces  in  us  that  sensation  from  whence  we  denominate  the  object  hot ;  so  that,  what  in  our 
sensation  is  heaty  in  the  object  ia  nothing  but  fnotion**     Thus  far  we  have  spoken  of  the  views 
of  certain  old  writers  who  regarded  heat  as  motion ;  but,  side  by  side  with  tneir  dogmas,  there 
flouridied  an  hyiwthesiB  which  affirmed  that  heat  is  substantial.     Towards  the  middle  of  the 
seventeenth  century  there  arose  a  theory  which,-  for  more  than  a  century,  prof oundlv  influenced 
the  scientific  world,  and  which  proposed  to  accoimt  for  various  phenomena  by  the  absorption  or 
rejection  of  "  materia  aut  prindpium  ignis,  non  ipse  ignis  " — the  matter  or  prindple  of  fire,  not 
fire  itself.     Tins  was  known  as  the  tiieory  of  Phlogiston  (see  PMogitUm),  and  was  specially 
applied  to  chemical  phenomena.    The  materia  ignis,  or  ^^^cryiarop,  was  supposed  to  be  a  subtle, 
invisible  matter,  capable  of  readily  passing  from  one  substance  to  another,  and  of  producing 
various  dianges,  according  as  it  was  accumulated  in,  or  separated  from,  different  subetanoes. 
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From  this  arose  a  yeiy  extended  theory  of  mateTialised  heat,  which  was,  in  one  form  or  other, 
generally  adopted  during  the  whole  of  the  last,  and  far  into  the  present  century.  We  seei 
therefore,  that  there  had  gradually  arisen  side  by  side  two  distinct  theories  in  regard  to  the 
nature  of  heat ;  the  one  regarding  it  as  matter,  and  calling  it  Phlogiston  or  Caloric  {calory  heat, 
from  oaUOj  KfiKo(a\  and  known  as  the  Material  Theory  (materia^  matter) ;  the  other  regarding  it 
as  a  rapid  motion  of  the  eonall  particles  or  molecules  {molecukt,  a  small  mass)  of  matter,  and 
known  as  the  Eitutic  Theory  {xanriais,  motion),  or  the  Dynamic  Theory  (Swafus,  force),  or  ae 
Thermo-dynamia. 

At  the  close  of  the  last  century  the  material  theory  was  universally  adopted,  and  we  have 
now  to  consider  certain  experiments  which  were  then  made  which  proved  its  fallacy  and  paved 
the  way  for  its  downfall  in  our  day.  In  the  various  examples  in  which  heat  is  produced  by 
mechanical  means,  such  aa  friction,  compression,  and  percussion,  the  materialists  accounted  for 
the  development  of  heat  by  asserting  that  the  act  of  fnction,  &c.,  altered  the  capacity  for  heat 
of  the  substance  so  acted  upon.  A  nail  becomes  hot  when  it  is  hammered,  they  said,  because 
its  particles  are  compressed  and  the  heat  as  it  were  squeezed  out,  like  water  from  a  compressed 
sponge ;  the  onhammered  metal  has  a  greater  capacity  for  heat,  or  capability  of  holding  it  than 
the  hammered  metaL  They  denied  the  possibility  of  producing  new  heat,  asserting  that  the 
quantity  of  heat  in  the  universe  is  a  constant  quantity  which  cannot  be  increased  or  diminished, 
and  which  manifests  itself  only  when  passing  from  one  substance  to  another.  Again,  it  was 
weU  known  that  certain  different  substuxces  possess  a  greater  capacity  for  heat  than  others,  for 
example,  that  more  heat  is  required  to  raise  one  pound  of  water  lo**  than  to  equally  heat  one 
pound  of  mercury ;  and  the  materialists  explained  this  by  saying  that  the  water  had  a  greater 
power  of  storing  away  heat  than  mercury.  In  1797,  Count  Rumford,  whUe  superintendmg  Hie 
boring  of  cannon  in  the  Arsenal  of  Mumch,  was  surprised  to  find  the  very  great  extent  to  whi(^ 
a  gun  became  heated  during  the  process,  and  that  the  metallic  shavings  separated  by  the  borer 
were  yet  more  heated.  He  was  led  to  examine  this  result  by  the  assertions  of  those  who 
adopted  the  material  theory  of  heat,  for  if,  as  they  affirmed,  the  heat  of  friction  results  from  an 
altered  capacity  for  heat  in  the  substances  submitted  to  friction,  it  follows  that  all  the  heat 
observed  in  the  cannon  and  the  metallic  shavings  must  have  resulted  from  the  altered  capacity 
for  heat  of  a  few  ounces  of  metal  shavings.  But  this  appeared  incredible ;  moreover  Rumford 
found  on  experiment  that  the  metal  shavings  had  precisely  the  same  capacity  for  heat  as  the 
solid  metal  of  the  cannon.  He  then  constructed  a  spedal  apparatus  for  the  production  of  heat 
by  friction,  in  which  a  blunt  steel  borer  was  caused  to  revolve  by  horse-powor,  and  to  press 
against  the  bottom  of  a  metal  cylinder.  This  cylinder  was  surrounded  by  a  second  one  in  which 
was  placed  2^  gallons  of  water  possessing  a  temperature  of  60*"  F.  Thus  the  heat  jyoduced  by 
the  friction  of  the  blunt  borer  against  the  inner  cylinder  was  communicated  to  the  water  in  the 
outer  cylinder.  One  hour  after  the  commencement  of  revolution  of  the  borer,  the  temperature 
of  the  water  had  risen  47%  that  is  to  107** ;  during  the  next  half-hour  it  rose  to  142"* ;  at  the 
end  of  two  hours  to  178°,  and  in  two  hours  and  a  half  the  whole  mass  of  24  gallons  of  water 
actually  boiled  by  the  heat  of  friction.  Here  then  we  have  an  example  of  the  continuous  pro> 
duction  of  heat. 

'*It  is  hardly  necessary  to  add,"  he  writes,  *Hhat  anything  which  any  insulated  body  or 
system  of  bodies  can  continue  to  f umisl^  mthout  limUation  cannot  possibly  be  a  material  sub- 
stance ;  and  it  appears  to  me  to  be  extremely  difficult,  if  not  quite  impossible,  to  form  any 
distinct  idea  of  anything  capable  of  being  excited,  and  communicated  in  these  experiments, 
except  it  be  motion.  This  was  the  first  and  most  decisive  blow  which  was  aimed  at  the  then 
dominant  material  theory  of  heat.  A  few  years  later  Sir  Humphiy  Davy  proved  oondusiveiy 
the  immateriality  of  heat.  It  was  well  known  that  water  at  Uie  freezing  temperature  has  a 
greater  capacity  for  heat  (or  more  heat  stored  up  in  it,  as  the  materialists  said,)  than  ice  at  the 
same  temperature.  (See  Latent  Heat, )  To  liquefy  ice  a  large  amount  of  heat  is  required  before 
the  temperature  of  the  resulting  water  commences  to  rise.  ''Now,'*  said  Davy,  "if  I,  by 
friction,  liquefy  ioe,  a  substance  wUl  be  produced  which  contains  a  far  greater  absolute  amount 
of  heat  than  the  ice ;  and  in  this  case  it  cannot  with*  any  show  of  reason  be  affirmed  that  I 
merely  render  sensible  heat,  which  had  been  previously  insensible  in  the  frozen  mass.  Liquefac- 
tion in  this  case  will  conclusively  demonstrate  a  generation  of  heat."  Accordingly  he  rubbed 
together  two  pieces  of  ioe  placed  both  in  air  and  in  a  vacuum,  and  surrounded  by  a  freezing 
atmosphere ;  the  ice  was  liquefied,  and  the  direct  generation  of  heat  by  mechanical  means  was 
thus  conclusively  proved. 

Although  the  falsity  of  the  material  theory  of  heat  was  proved  thus  early  in  the  century,  it 
was  by  no  means  abandoned ;  indeed,  the  dynamic  theoiy  had  scarcely  a  supporter,  and  this 
state  of  things  continued  until  it  was  proved  that  a  certain  definite  amount  of  mechanical  work 
oorresponds  to  a  certain  definite  amount  of  heat,  and  vice  vena;  that  is,  until  the  detenninatlon 
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of  the  Bo-called  mechanical  equivalent  of  heat.  This  was  oommenoed  aboat  1S42  by  Dr.  Julius 
Mayer,  of  Heilbronn,  and  in  1 843  by  Mr.  Joule,  of  Manchester,  and  the  results  obtained  (by 
perfectly  distinct  methods)  proved  that  772  foot-pounds  of  mechanical  work  must  be  expended  in 
order  to  produce  one  unit  of  heat,  in  other  words,  that  I  lb.  of  water  falling  under  the  influence 
of  gravity  through  772  feet,  has  its  temperature  raised  i**  F.  when  it  comes  into  collirion  with 
the  earth.  (See  Mechanical  Equivalent  of  ffeat.)  We  have  here,  then,  proof  of  the  direct  con* 
version  of  the  motion  of  a  tangible  mass,  that  is  mechanical  work,  into  the  motion  of  intangible 
molecules,  that  is  heat ;  and  we  have  the  predse  relative  values  in  their  respective  imits.  The 
oonverse  of  this  also  takes  place,  for  a  given  amount  of  heat  truly  represents,  and  is  capable 
of  being  converted  into  a  certain  definite  amount  of  mechanical  work.  The  extension  and 
application  of  this  important  demonstration  will  be  found  in  various  portions  of  this  work. 

The  science  of  heat,  properly  so-called,  is  younger  than  nearly  all  the  physical  sciences ;  and 
this  arises  from  the  fact  that  until  late  in  the  last  centuir  heat  was  regarded  simply  as  a  chemical 
agent.  (See  Caloric,)  There  were  no  separate  treatises  on  heat,  but  a  chapter  was  always 
devoted  to  it  in  works  on  chemistry.  In  one  sense  the  theory  of  Phlogiston  (which  see)  is 
essentially  a  heat  theory,  but  it  has  always  been  regarded  as  a  chemical  theory,  because  heat  plays 
BO  important  a  part  in  many  diemical  operations  that  the  agent  became  hidden,  so  to  speajc,  in 
its  applications.  Pyrotechnia  (vCp  t4x^)  was  indeed  one  of  the  many  names  by  which  chemistry 
was  known  :  "  car,  en  effet,*'  says  Lemezy,  "  c'est  par  le  moyen  du  feu  qu'on  vient  k  bout  de 
presque  toutes  les  operations  chymiques."  In  old  scientific  works  we  frequently  meet  with  such 
words  as  codcinatioj  iffnitio,  cinrfactiOf  rewrberatio,  deHcccUto^  mUtmo^io,  and  dittiUatio;  and 
the  applications  of  heat  to  chemical  processes  are  now  more  numerous  than  ever, 
S'Gravesande,  writing  in  1 742,  gives  45  pages  to  heat  m  his  Physieea  Blementa  Mathematica;  yet 
it  was  more  generally  made  a  part  of  chemical  treatises  until  the  present  century,  when  separate 
works  on  the  subject  infrequently  appeared.  Of  recent  works  we  may  specially  mention 
Tyndall,  *'  On  Heat  considered  as  a  Mode  of  Motion ; "  Balfour  Stewart  "  An  Elementary 
Tireatise  on  Heat ; "  A.  Cazin,  **  La  Chaleur ;  *'  and  Clausius,  "  On  the  Mechanical  Theory  of 
Heat."  The  various  phenomena  connected  with  heat  will  be  found  discussed  under  separata 
headings  in  this  Dictionary.  (See  specially  Abtorpiion  of  ffeat;  Caloreseenee;  Conduction;  Con' 
vection;  EbulUtion;  Expansion;  Latent  Heat;  Liquefaction;  Badiant  Heat;  SoUdifieaUon; 
Specific  Heat;  Temperature;  Thermom^ry;  Vaporization.) 

HEAT,  ANIMAL.    See  Animal  Heat, 

HEAT,  ATOMIC.     See  A  tomic  Heat, 

HEAT-ENGINE.  A  machine  in  which  heat  is  transformed  to  mechanical  fozoe.  Such  a 
machine  consists  of  a  source  of  heat,  a  receiver  of  heat  or  refrigerator,  and  a  means  of  convey- 
ing  heat  between  them;  and  it  produces  work  while  heat  passes  from  the  source  to  the 
re&igerator.  By  means  of  a  conception  due  to  Gamot  (see  Camot*$  Function),  Sir  William 
Thomson  has  determined  the  amoimt  of  work  which  can  be  produced  by  a  perfect  heat«ngine 
of  any  kind.  The  fraction  of  the  heat,  which  is  converted  into  work,  ia  directly  proportioniJ  to 
the  difference  of  the  temperatures  of  tilie  source  and  refrigerator,  and  inversely  proportional  to 
the  temperature  of  the  source.  If  we  take  the  number  of  degrees  above  the  absolute  zero  of 
temperature,  the  fraction  of  heat  available  for  work  in  a  perfect  engine  is  equal  to  the  range  of 
temperature,  divided  by  the  temperature  of  the  source  reckoned'from  the  zero  of  absolute  tem- 
perature. For  example,  suppose  the  temperature  of  the  source  of  heat  to  be  142^  C.,  and  that 
of  the  refrigerator  69°  C.,  and  the  absolute  zero  of  temperature  —  273"  C.,  then  the  fraction  of 
the  heat  expended,  which  is  available  for  work,  is  142—69,  divided  by  142 -h  173  or  one  fifth. 
Again,  suppose  the  heat  to  be  supplied  to  this  machine,  by  burning  a  material,  a  pound  of 
which  yields,  on  combustion,  heat  equivalent  to  io,ooo,ocx>  foot-pounds,  then  the  work  done  by 
the  engine  for  every  pound  of  fuel  burnt  will  be  2,ocx>,ooo  foot-pounds.  It  is  evident  from  this 
law  that  the  greater  the  difference  of  the  temperatures  of  source  and  refrigerator,  the  more 
economical  will  be  the  engine,  and  as  in  general  the  lowest  temperature  wUl  be  that  of  the 
surface  of  the  earth,  and  therefore  constant,  it  follows  that  the  greatest  economy  is  secured 
with  the  highest  attainable  temperature.  In  the  steam-engine,  worked  with  saturated  vapour, 
the  temperature  of  the  steam  will  depend  on  the  pressure  under  which  it  is  produced,  and  is 
therefore  limited  by  the  strength  of  the  materials  employed.  In  the  steam-engine,  worked 
with  steam,  to  whidb  additional  heat  has  been  communicated  after  it  has  left  the  boiler,  and 
while  not  in  contact  with  water,  the  limit  depends  on  the  temperature  at  which  the  steam  acts 
chemically  upon  the  metals  containing  it,  and  also  on  the  power  of  these  metals  to  resist  the 
action  of  heat.  The  same  limits  to  high  temperature  occur  with  hot-airengines,  aa  with 
steam-engines.     (See  SteamrEngine  ;  Hot-Air^Engine;  Gas-Eitgine.) 

HEAT  OF  CHEMICAL  COMBINATION.    A  matter  of  the  highest  importance,  both 
practical  and  theoretical,  is  the  evolution  of  heat  during  chemical  combination.    Ordinary  com- 
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bustion,  88  when  heat  ia  produced  by  the  burning  of  coal  or  wood  in  air  or  oxygen,  is  a  very 
familiar  example ;  another  is  foimd  in  animal  heat,  which  arifles  from  the  conversion  of  the 
carbon  contained  in  the  food,  into  carbonic  acid  gas  by  the  oxygen  which  is  taken  into  the 
lungs ;  a  third  case  is  foond  in  what  is  called  by  liebig  Eremacauns  {iipefioi^  slow ;  Kavffis,  a 
burning),  as  when  moist  leaves,  damp  hay,  or  other  organic  matter,  slowly  oxidising  in  the  air, 
become  heated  often  very  intensely ;  heat  is  also  well  known  to  be  given  out  when  a  metal, 
Buch  as  zinc,  is  acted  on  by  an  add ;  and  it  is  true  that  no  chemical  combination,  if  we  exclude 
from  chemical  combination  cases  of  mere  solution,  can  go  on  without  the  evolution  of  heat. 
Even  when  cold  is  produced  by  solution,  it  is  due  to  alteration  in  physical  condition,  generally 
to  a  change  of  a  soUd  or  solids  into  a  liquid. 

The  determination  of  the  heat  due  to  chemical  combination  is  by  no  means  easy.  Were  it 
sufficient  to  bum  a  pound  of  carbon  or  of  hydrogen  in  a  sufficient  supply  of  oxygen  or  chlorine 
within  a  calorimeter,  and  then  note  the  increment  of  heat,  the  problem  would  perhaps  not  pre- 
sent much  difficulty ;  but  the  properties  of  the  new  compounds  formed  as  a  rule  differ  wiaely 
from  those  of  the  elements  of  which  they  are  composed ;  thus  a  solid  may  become  gaseous  as  cai^ 
bon  in  carbonic  add,  or  two  gases  a  liquid ;  therefore,  the  specific  heat  and  the  latent  heat  may 
change,  and  it  is  very  difficult  to  ascertain  the  effect  of  these  alterations  upon  the  observed 
increase  of  heat.  The  experimental  examination  of  the  question  was  first  undertaken  by 
Lavoisier,  who  was  followed  by  Dalton,  Davy,  Dulong,  Despretz,  Hess ;  the  most  recent  results 
are  those  of  Andrews,  and  of  Favre  and  Silbermann,  and  of  these  we  shall  give  a  brief  account. 

We  must  refer  the  reader  to  the  original  memoirs  for  an  account  of  the  apparatus  used,  and 
of  the  various  precautions  taken  in  peif  orming  the  experiments ;  it  ia  suffident  to  say  that  both 
used  calorimeters  in  which  the  combination  was  caused  to  take  place  within  one  vessel 
immersed  in  a  second,  which  was  filled  with  water,  extraordinary  precautions  being  taken  to 
avoid  loss  by  radiation.  That  of  Andrews  is  described  in  the  FkUogophical  Magazine,  May 
1S48  ;  that  of  Favre  and  Silbermann  in  the  Ann,  de  ChemU,  III.,  xxxiv.,  xxxvi.,  xxxviL  After- 
wards Favre  and  Silbermann  used  a  mercury  thermometer  with  a  very  large  bulb,  having  a 
hollow  opening  into  it  within  which  the  substances  to  be  experimented  on  were  placed. 

As  might  be  expected  from  tiie  known  laws  of  energy,  the  combination  of  given  weight,  one 
element  with  an  equivalent  quantity  of  another,  gives  rise  to  a  definite  amoimt  of  heat,  both 
elements  being  in  a  given  condition.  The  following  table,  quoted  from  Miller's  Elements  of 
Chemistry,  gives  condsely  what  are  called  by  Favre  and  Silbermann  the  calorific  equivalents  of 
the  various  elements  when  combined  together.  '*The  numbers  given  indicate  the  quantity  of 
heat  evolved  by  the  union  of  equivalent  quantities  of  oxygen,  chlorine,  bromine,  iodine,  and 
sulphur  with  each  element,  taking  as  the  standard  of  comparison  the  number  of  grammes  of 
water  at  o"  C,  which  would  be  rused  to  i^  C.  by  the  combustion  of  one  gramme  of  hydrogen  in 
oxygen."  The  numbers  for  the  various  elements  are  calculated  from  their  equivalent  numberSf 
and  not  from  their  alomic  weights.  The  observers  are  Andrews,  Favre  and  Silbermann,  and 
Dulong.    Those  numbers  to  which  an  asterisk  is  prefixed  are  calculated  by  indirect  methods-^ 

C^LOBiFio  Equivalznts  ov  Vabious  Elements  (O  =  8). 


Elements. 

Observeis. 

Oxygen. 

Chlorine. 

Bromine. 

Iodine. 

Sulphur. 

Hydrogen,     .    . 

F.  and  8. 

3446a 

•3783 

♦93aa 

•-3606 

*a74x 

Carbon,     .    . 

II 

94940 

Sulphur,   .    . 

tt 

X7760 

Phosphorus, . 

A. 

3607a 

Potassiam,    . 

F.  anda  } 
II 

104476 

Do. 
Sodium,    .    , 

•200060 

94847 

V188 

•77*68 

•45638 

Zinc,    .    .    , 

A. 

49989 

50658 

40640 

96617 

Do.     .    .    , 

F.  and  S. 

•4»45« 

*5<»96 

•90940 

Iron,     .    .    , 

^        \ 

3307a 

3269s 

93833 

8046 

Do.      .    . 

F.  and&  1 

•37898 

•4965X 

•'7753 

Tin,      .    .    , 

A. 

33519 

31799 

Arsenicum, 

ti 

94999 

Antimony, 

Dulong. 

47000 

A-  30401 

Copper,     . 
Do. 

If 
F.  and  8. 

19159 

30404 

•91885 

•29594 

•9^33 

Lead,    .    . 

If 

•97675 

•44730 

•3980a 

*93908 

♦9556 

Silver,  .... 

It 

♦61 13 

•34800 

•956x8 

•18651 

•55*4 

As  an  example  of  the  use  of  this  table,  it  appears  from  it  that  the  burning  of  one  gramme 
(or  one  pound)  of  hydrogen  in  oxygen  to  form  water,  would  give  rise  to  as  much  heat  as  woiUd  raise 
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the  temperature  (tf  34462  grammee  (or  pounds)  of  water  from  o"*  G.  to  i"  C.  Again  32*75, 
being  the  equivalent  number  for  zinc,  the  combination  of  3275  grammes  (or  pounds)  of  zinc, 
with  a  sufficient  quantity  of  oxygen  (8  grammes  or  pounds)  to  oxidise  it  completely,  gives  rise 
to  as  much  heat  as  would  raise  42282  grammes  (or  pounds)  of  water  from  o"  C.  to  i""  C,  while 
the  combination  of  the  same  weight  of  zinc,  with  an  equivalent  quantity  of  chlorine  (35*5 
grammes  or  pounds),  would  evolve  enough  heat  to  raise  50658  grammes  (or  pounds)  of  water 
from  o**  C.  to  i"*  C. 

Favre  and  Silbermaon  proved,  by  exaTnining  carbon,  sulphur,  and  phosphorus,  that  equal 
weights  of  the  same  body,  when  in  d^erent  allotropic  conditions,  do  not  evolve  the  same  quan- 
tities of  heat  during  combustion,  and  also  that,  in  the  case  of  compound  bodies  burned,  the 
condition  as  to  form  before  combustion  has  an  influence  on  the  amount  of  heat  given  out. 

Andrews  determined,  in  a  large  number  of  cases,  the  quantity  of  heat  evolved  during  the 
precipitation  of  one  metal  from  its  salts  by  another  metaL  His  numerical  results  will  be  found 
in  his  paper  on  the  subject  in  PhiL  Trans.,  1848.  He  came  to  the  following  important  con- 
-elusions  :-* 

(i.)  That  when  an  equivalent  of  one  metal  is  displaced  by  an  equivalent  of  another  metal, 
the  amount  of  heat  given  out  is  the  same,  whatever  be  the  acid  of  the  salt,  provided  that  the 
former  metal  is  in  aU  the  salts  in  the  same  state  of  oxidation ;  but  that  if  different  precipitating 
metals  be  used,  the  quantities  of  heat  evolved  are  different. 

(2.)  That  the  following  is  the  order  of  the  metals  arranged,  so  that  the  fint  evolveB  most 
heat  when  used  to  precipitate  the  metal  at  the  opposite  extremity  of  the  list  :— 

Zinc.  Mercury. 

Iron.  Silver. 

Lead.  Platinum. 
Copper. 

It  will  be  noticed  that  this  is  the  electro-chemical  order  of  the  metals.  Eadi  Is  electro-pocft- 
tive  with  respect  to  those  which  follow  it.     • 

(3.)  If  there  be  three  metals,  A,  B,  0,  such  that  A  will  displace  B  and  O  from  their  salts, 
and  B  will  displace  C  from  its  salts,  then  the  heat  evolved,  when  an  equivalent  of  A  displaces 
an  equivalent  of  G,  is  equal  to  that  given  out  when  an  equivalent  of  A  displaces  an  equivalent 
of  B,  together  with  that  given  out,  when  an  equivalent  of  B  displaces  an  equivalent  of  G. 

Again,  we  observe  here  an  electrical  analogy  ;  for  if  there  be  three  metids,  A,  B,  C,  arranged 
in  o^er,  the  electromotive  force  between  A  and  G  is  equal  to  that  between  A  and  B,  together 
with  that  between  B  and  G. 

For  farther  particulars  on  this  subject  we  must  refer  our  readers  to  the  papers  we  have  al- 
ready mentioned,  to  a  memoir  by  Professor  Andrews,  published  in  the  Transactions  of  the  Boyal 
Irish  Academy,  1841,  and  to  a  ^'Beport  on  the  Heat  of  Gombination,"  in  the  Reports  of  the 
British  Association  for  the  Advancement  of  Science,  1849. 

HEAT  OF  GURRENT.    See  Current,  Heating  Effects  of, 

HEAT,  SOURGES  OF.  The  sources  of  heat  may  be  ranged  under  three  separate  heads — 
firstly,  extrorterrestrial  toureet,  including  the  sun,  moon,  and  stars.  Secondly,  terrestrial  sources, 
including  the  various  actions  by  whidi  heat  is  generated  on  the  earth,  such  as  mechanical 
action,  chemical  action,  electricity  in  motion.  Thirdly,  irUra-terrestrial  sources,  that  is,  the  in- 
nate heat  of  the  earth,  manifested  to  us  by  the  eruptions  of  volcanoes,  hot  springs,  &c. 

I.  Solar  Heat.  Firat  and  foremost  is  the  solar  heat,  from  which  all  the  heat  of  the  moon, 
and  ahnost  all  the  heat  of  the  earth,  is  supplied.  The  amount  of  heat  emitted  by  the  sun  has 
been  measured  with  considerable  accuracy  both  by  Sir  John  Herschel  and  by  M.  Pouillet,  and 
their  results  agree  very  closely,  for  the  former  finds  that  the  effect  of  a  vertiGal  sun  at  the  level 
of  the  sea  is  sufficient  to  melt  0*00754  of  an  inch  of  ice  per  minute,  while  the  latter  makes  the 
quantity  0*00703  inch.  These  results  were  obtained  by  an  instrument  called  a  pyrkdiometer^ 
(whch  see),  bv  means  of  which  the  total  amount  of  heat  falling  on  a  given  area  can  be  measured, 
and  expressed  in  terms  of  a  known  quantity  of  mercury  or  water  raised  through  a  certain  num- 
ber of  thermometric  degrees.  From  various  determinations  it  has  been  calculated  that  the 
total  amount  of  heat  received  by  the  earth  in  one  year,  including  that  absorbed  by  the  atmos- 
phere, would  be  competent  to  melt  a  stratum  of  ice  105  feet  in  thickness,  surrounding  the  whole 
earth.  At  the  actuiJ  surface  of  the  sun,  ice  would  be  melted  at  the  rate  of  2400  feet  in  thick- 
ness per  hour.  The  heat  which  we  receive  from  the  sun  is  not  only  enormously  weakened  by 
the  distance,  but  the  aqueous  vapour  in  our  atmosphere  intercepts  no  less  than  four-tenths  of 
the  total  quantity  of  heat  which  enters  it.  The  amount  of  solar  heat  which  falls  upon  the  earth 
being  determined,  it  at  once  becomes  possible  for  us  to  calculate  the  tdal  amount  of  heat 
emitted  by  the  sun.    Let  us  imagine  that  the  sun  is  the  centre  of  a  hollow  sphere,  the  radius 
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of  which  is  the  distance  of  the  earth  from  the  sun ;  now  the  area  of  the  sphere  can  be  calcu- 
lated, as  also  the  area  of  the  section  of  the  earth,  which  intercepts  all  the  heat  falling  upon  it. 
The  relation  of  these  areas  to  each  other  is  as  i  :  2,300,000,000 ;  therefore,  the  earth  receives 
^^y  tjnajmfitn  ^^  ^^  ix>tal  amount  of  heat  emitted  by  the  sun.  Various  theories  have  been  pro- 
poxmded  in  order  to  account  for  the  source  of  the  sun's  heat,  and  its  maintenance.  The  sun 
dissipates  in  one  year  as  much  heat  as  would  be  produced  by  the  combustion  of  a  stratum  of 
ooai  seventeen  miles  in  thickness  surrounding  the  sun,  and  we  have  no  reason  to  imagine  that 
either  a  greater  or  less  amount  of  heat  is  given  out  now  by  the  sun  than  in  former  ages.  We 
oaamot  imagine  that  the  sun  is  a  molten  globe  in  process  of  cooling,  for  it  would  long  since  have 
dissipated  its  surface  heat ;  nor  can  we  ^lieve  thiftt  combustion  is  taking  place  at  the  surface  of 
the  sun,  for  the  supply  of  combustible  matter,  and  of  gases  to  support  the  combustion,  could  by 
no  possibility  be  maintained.  Indeed,  if  the  sun  were  entirely  composed  of  coal,  and  supplied 
with  oxygen  sufficient  to  consume  it^  it  would  be  burnt  up  in  the  course  of  five  liousand  years. 
A  bold  and  ingenious  theorr  of  the  source  of  the  heat  of  the  sun  has  been  elaborated  by  Mr. 
Waterston  {BritUh  Asaodatum  JReports,  1 853) — the  so-called  Meteoric  Theory  of  iKe  Sun* a  Heat,  Ac- 
cording to  this  the  heat  is  supplied  and  maintained  by  mechanical  means,  by  the  conversion  of 
the  motion  of  masses  of  matter  into  heat.  We  have  before  seen  (see  Heai\  that  mechanical 
force  and  heat  are  convertible,  and  Mr  Waterston  conceives  that  there  is  a  constant  rain  of 
meteorites  on  the  sun's  surface.  The  velocity  of  meteors  near  the  sun  is  prodigious,  it  may 
amotmt  to  300  or  400  miles  per  seeond,  and  their  force  of  impact,  and  the  resulting  heat,  would 
be  also  prodigious. 

2.  Heat  cf  ike  Moon.  Maaj  attempts  have  been  made  to  measure  the  heat  of  the  moon ; 
there  Ib  a  general  feeling  that  heat  must  accompany  Ught ;  and  some  of  the  older  observers 
thought  they  could  detect  the  heat  of  the  moon  by  means  of  an  ordinary  thermometer.  Tchim- 
hausen  condensed  the  beams  of  the  moon  by  means  of  his  large  burning-glass,  but  could  get  no 
indication  of  heat,  and  a  few  years  later  La  Hire  condensed  moonlight  more  than  300  times 
with  the  same  result.  After  the  invention  of  the  thermo-electrio  pile  (t£e  most  delicate  detector 
of  heat  with  which  we  are  acquainted),  Melloni  and  Forbes  made  certain  experiments,  in  which 
moonlight  was  powerfully  condensed  on  this  instrument,  but  without  any  very  definite  results. 
Forbes  calculated  that  if  the  moon  did  transmit  any  heat  at  all,  its  heating  effect  when  at  the 
full  at  the  surface  of  the  earth  was  less  than  ^^^  part  of  a  degree  centigrade.    We  have  stated 

above  that  our  atmosphere  absorbs  four-fifths  of  the  heat  which  enters  it ;  now  it  was  imagined 
by  Professor  Piazzi  Smith  that  although  at  the  surface  of  the  earth  the  heat  of  the  moon  could 
not  be  detected,  it  might  be  apparent  at  a  great  altitude  above  the  earth,  where  less  heat  would 
have  been  absorbed ;  accordingly,  in  1856,  he  tried  the  effect  of  the  moon  upon  a  thermopile  at 
an  elevation  of  10,000  feet,  at  which  he  had  established  an  astronomical  station  for  various  ex- 
periments. There  was  no  doubt  now  that  heat  accompanies  moonlight,  and  Smyth  estimated 
the  heat  as  equal  to  that  emitted  by  the  hand  at  a  distance  of  3  feet.  M.  Mari^Davy  has  esti- 
mated this  as  750  millionths  of  a  degree  centigrade.  Lord  Hosse  has  recently  made  fresh  ex- 
periments on  the  heat  of  the  moon,  using  for  that  purpose  a  3-feet  reflecting  telescope,  and  a  very 
sensitive  thermopile.  His  experiments  have  led  him  to  the  conclusion  that  the  heating  effect  of 
the  moon  upon  the  earth  is  ^^  that  of  the  sun,  and  he  concludes  that  the  surface  of  the  moon 
possesses  a  temperature  of  about  500**  F.    {Proc.  Royal  Society,  vol.  xvii.,  p.  436). 

3.  Healt  qfthe  Start,  In  February  1869  Mr.  Huggins  communicated  a  **  Note  on  the  Heat 
of  the  Stars  *'  to  the  Royal  Society,  in  which  he  mentions  that  in  the  summer  of  1866  he  was 
led  to  imagine  that  the  heat  of  the  stars  might  possibly  be  detected  more  easily  than  the  solar 
heat  reflected  from  the  moon,  and  that  he  shortly  afterwards  obtained  dedsive  evidence  of  stellar 
heat  in  the  case  of  the  stars  Sirius,  Pollux,  and  B^fulus.  He  employed  a  refracting  telescope 
of  8  inches  aperture  to  concentrate  the  heat,  and  a  very  sensitive  thermo-electric  pQe  to  indicate 
it.  Pollux  indicated  the  least  amount  of  heat,  then  Sirius,  Begulus,  and  Arcturus  in  a  slightly 
increasing  amount,  while  Castor  showed  none  at  alL  On  January  13th,  1870^  a  paper  on 
"  Approximate  Determinations  of  the  Heating  Powers  of  Arcturus  and  a  Lyras,"  by  Mr.  E.  J. 
Stone,  was  read  before  the  Boyal  Society,  and  it  possesses  matter  of  much  interest,  as  the  author 
endeavoured  not  only  to  detect  stellar  heat,  but  also  to  measure  its  intensity  by  the  most  deli- 
cate and  refined  means  at  the  command  of  physicists.  The  details  of  the  determinations  are 
somewhat  complex,  and  we  will  content  ourselves  with  giving  Mr.  Stone's  concluding  remarks : 
— **  From  the  whole  of  these  observations,  I  thmk  we  may  conclude  that  Arcturus  gives  to  us 
considerably  more  heat  than  a  Lyra  ;  that  the  amount  of  heat  is  diminished  very  rapidly  as  the 
amount  of  moisture  in  the  air  increases ;  that  nearly  the  whole  heat  is  intercepted  by  the  slightest 
doud  ;  that  as  first  approximations,  the  heat  from  Arcturus,  at  an  altitude  of  25**  at  Greenwich, 
is  about  equal  to  that  from  a  3-inch  cube  containing  boiling  water,  at  a  distance  of  400  yards. 

T 
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The  heat  from  a  LyrsB,  at  an  altitude  of  60',  is  ahout  eqmd  to  that  from  the  same  cube  at  a 
distance  of  about  600  yards." 

4*  Production  of  Heat  by  Mechanieal  Mearu,    Passing  now  from  the  extra-terrestrial  sources 
of  heat,  we  arrive  at  the  causes  of  its  generation  on  the  surface  of  the  earth.     Whenever  matter 
in  motion  is  retarded  by  friction  or  by  other  means,  or  stopped  by  collision,  the  motion  is  re- 
solved into  heat,  as  described  in  the  account  of  the  determinatibn  of  the  mechanical  equivalent 
of  heat.     In  physics,  the  term  energy  {evepyeuij  action,  operation),  is  employed  to  desi^iate  the 
power  of  doing  work  against,  or  overcoming  the  action  of,  any  force.     Energy  exists  in  two 
forms,  vi2.,  as  Potential  Energy^  or  possible  energy,  and  as  Dynamic  Energy,  or  actual  energy,  and 
the  former  is  perpetually  passing  ioto  the  latter,  and  this  into  heat.    Potential  energy  is  also 
called  possible  energy,  or  energy  of  position,  or  energy  of  tension ;  it  is  energy  existing  in  pos- 
sibility not  in  act,  as  in  the  case  of  a  mass  of  matter  suspended  above  the  earth's  surface,  or  an 
arrow  resting  on  a  tense  bowstring ;  the  mass  can  fall  under  the  action  of  gravity  so  soon  as  it 
is  released,  and  the  airow  can  fly  upwards  under  the  action  of  the  tense  bowstring  so  soon 
as  it  is  released.     Dynamic  energy  (dwa/us,  power),  is  also  called  energy  of  motion,  or  kinetic 
energy  (/ctn^acs,  motion),  and  vis  viva,  and  mechanical  energy ;  it  is  the  actual  energy  of  a  body 
in  motion,  as  When  a  mass  falls  to  the  earth,  or  an  arrow  is  projected  from  a  released  bowstring. 
Heat  which  results  from  mechanical  means  arises  from  the  conversion  of  possible  enei^  into 
actual  energy,  and  of  this  latter — the  motion  of  a  mass— into  the  peculiar  motion  of  molecules 
of  matter  called  heat.    Friction,  j)ercus8ion,  compression,*  and  the  partial  or  complete  stoppage 
of  motion  in  any  form,  and  by  any  means  whatsoever,  afford  examples  of  the  production  of  heat 
by  mechanical  means.    The  relationship  between  dynamic  energy  and -heat  is  measured  in  foot- 
pounds, and  established  in  the  form  of  the  *' mechanical  equivalent  of  heat"   (which  see), 
forms  the  basis  of  the  mechanical  theory  of  heat.    Friction  has  been  used  from  the  very  earliest 
times  for  the  production  of  fire,  and  is  still  employed  by  savages.    Lucretius  mentions  that  fire 
was  first  made  known  to  mankind,  either  by  clouds  meeting  violently  in  collision,  and  dashing 
out  sparks  of  fire  like  flint  and  steel,  or  by  the  friction  of  the  branches  of  trees  during  high 
winds.    The  flint  and  steel,  and  indeed  our  modem  matches,  afford  examples  of  the  production 
of  heat  by  friction;  but  the  many  experiments  which  illustrate  this  are  too  well  known  to  need 
description.     A  metal  button  may  be  rubbed  till  it  is  too  hot  to  touch  ;  a  gimlet  and  saw  aro 
sufficiently  hot  to  melt  beeswax,  or  to  ignite  phosphorus,  immediately  after  use.     Heat  also  re- 
sults from  fluid  friction,  as  shown  in  Joule's  determination  of  the  medianical  equivalent  of  heat. 
If  water  be  simply  shaken  in  a  bottie  (great  care  being  taken  to  surround  the  bottie  with  thick 
flannel,  to  prevent  any  communication  of  heat  from  the  hand),  the  temperature  may  be  raised  in 
less  than  a  minute  from  07**  F.  to  0*8°  F. ,  while  in  the  case  of  mercury,  a  rise  of  i  '3**  to  i  *5°  F.  may 
be  produced.    A  locked  wheel  sometimes  has  its  bearing  surface  raised  to  a  red  heat  by  the 
friction,  and  when  the  brake  is  suddenly  applied  to  a  railway  van,  a  copious  train  of  sparks  may 
be  noticed  in  the  rear  of  the  wheel.    Percussion  also  produces  heat ;  if  a  weight  is  raised  to 
a  height  above  the  earth's  surface  and  then  released,  it  falls  and  comes  into  collision  with  tho 
earth,  and  is  then  found  to  be  hotter  than  before ;  its  possible  energy  has  become  actual  energy ; 
its  actual  energy  has  become  heat.    Again,  a  nail  may  be  hammered  imtil,  in  less  than  two 
minutes,  it  is  brought  to  a  bright  red  heat.     When  a  pistol  is  cocked,  potential  energy  is  con* 
f  erred  upon  the  hammer,  and  it  is  comparable  to  a  raised  weight ;  when  the  trigger  is  puUed,  the 
potentiid  energy  becomes  kinetic  ;  when  the  hammer  strikes  the  cap,  tiie  kinetic  energy  becomes 
heat,  equal  to  that  expended  in  raising  the  hammer.     Compression  produces  heat ;  a  piece  of 
wood  compressed  in  a  hydraulic  press  is  warmer  than  before  ;  and  during  the  rolling  of  metals 
at  the  Mint,  the  bar,  after  compression,  is  so  hot  that  water  boils  upon  its  surface.     By  causing 
a  conductor  to  revolve  between  the  poles  of  a  powerful  electro-magnet,  Joule  provea  a  consi- 
derable development  of  heat  thus  resulting  from  the  friction  of  a  metal  against  the  magnetised 
ethereal  medium.     These  varied  actions  are  so  many  examples  of  the  production  of  heat  by 
mechanical  means,  or,  more  strictly,  of  the  conversion  of  the  visible  motion  of  a  mass  into  the 
motion  of  invisible  molecules  of  matter  called  heat. 

5.  Production  of  Heat  by  Chemical  Action.  Combustion  is  the  union  of  substances,  under  the 
influence  of  the  attractive  force  called  chemical  affinity,  attended  by  the  evolution  of  light  and 
heat,  as  when  antimony  is  brought  into  contact  with  chlorine,  or  when  carbon  combines  with 
oxygen  to  form  carbonic  acid  gas.  Combustion  is  the  means  by  which  we  obtain  all  artificial 
heat  for  the  general  purposes  of  life,  and  the  form  of  combustion  we  employ  is  the  union  of  car- 
bon, contained  in  charcoal,  coal,  wood,  and  our  various  fuels,  with  the  oxygen  gas  contained  in 
the  atmosphere.  By  what  precise  means  these  chemical  actions  give  rise  to  the  production  of 
heat  we  do  not  know,  but  it  is  believed  that  the  molecules  of  two  substances  about  to  combine 
are  in  the  condition  of  a  raised  weight  and  the  earth,  and  when  they  rush  together  to  combine^ 
their  kinetic  energy  becomes  heat,  as  in  the  case  of  the  weight  mentioned  alwve. 
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6.  Production  of  HeaA  hy  Electricity,  The  heating  effects  of  lightning  are  considerable ; 
honses  are  set  on  fire,  metal  rods  are  melted,  and  sand  is  vitrefied  by  its  means.  On  a  smallei 
8<»le,  metallic  wires  may  be  dissipated  in  vapour  by  the  discharge  of  a  powerful  battery.  If 
we  employ  Voltaic  electricity,  and  cause  the  current  to  pass  along  a  very  thin  wire,  it  experi- 
ences resistance,  and  the  wire  may  be  raised  to  a  white  heat,  and  ultimately  fused.  We  do  not 
at  present  know  the  cause  of  the  production  of  heat  by  electricity  ;  possibly,  in  the  experiment 
last  mentioned,  the  electricity  in  passing  along  the  thin  conduction  wire  may  so  agitate  its 
molecules  that  they  collide,  and  heat  results  ;  or,  in  other  words,  the  electricity  may  indirectly 
confer  kinetic  energy  upon  the  molecules  of  the  conduction  wire,  which  energy  is  ultimately 
resolved  into  heat. 

7.  IntrorTcrrextrial  Heat,  The  heating  power  of  the  sun  does  not  extend  to  a  greater  depth 
than  85  feet  in  our  latitudes,  while  it  is  greater  at  the  equator,  and  less  at  the  poles.  At  a 
certain  depth  there  is  a  layer  of  constant  temperature,  and  below  this  the  temperature  increases 
about  i""  F.  for  a  descent  of  60  or  70  feet ;  at  a  depth  of  about  30  miles,  if  this  increase  is  regu- 
lar, the  heat  would  be  sufficient  to  fuse  the  most  refractory  granites  and  basalts.  We  have 
good  evidence  of  an  intense  source  of  heat  within  our  globe,  in  the  molten  lava  which  is  ejected 
from  volcanoes,  but  no  satisfactory  hypothesis  has  been  adduced  to  show  the  cause  of  this  central 
heat.  Its  effect  on  the  surface  of  the  earth  is  very  insignificant,  for  it  does  not  raise  the  tem- 
perature more  than  -^th  of  a  degree. 

HEAT  SFECTBUM.    In  a  beam  of  sxmlight  there  are  not  only  luminous  rays,  but  also  in- 
visible heat  rays,  and  the  latter  are  capable  of  being  refracted  when  passed  through  certain 
media  in  precisely  the  same  manner  as  the  luminous  rays  which  accompany  them.    Hence,  when 
a  beam  of  light  is  decomposed  by  means  of  a  prism,  we  obtain  not  only  a  light  spectrum,  but 
also  an  invisible  heat  spectrum.     The  Abb^  Bochon  endeavoured  to  determine  the  comparative 
heating  powers  of  the  various  coloured  rays  of  the  spectrum,  in  1776 ;  he  employed  for  this 
purpose  a  flint  glass  prism  and  an  air  thermometer,  and  he  estimated  the  heating  power  of  the 
red  rays  to  be  about  eight  times  as  great  as  that  of  the  violet  rays.    In  1798,  LesUe,  by  means 
of  a  d&erential  air  thermometer,  found  the  relative  heating  powers  of  the  blue,  green,  yellow, 
and  red  rays,  to  be  as  i  :  4  :  9  :  16.     In  i8cx),  Sir  W.  Herschel  employed  a  small  mercu- 
rial thermometer  for  the  same  purpose,  and  arrived  at  the  conclusion  that  the  hottest  part  of 
the  spectrum  is  beyond  the  red  rays.    Professor  Mtiller,  of  Freiburg,  afterwards  examined  the 
solar  spectrum  by  more  accurate  means,  and  mapped  the  heat  spectrum,  the  distribution  and 
intensity  of  the  heat  being  represented  by  means  of  a  curve,  as  suggested  by  Sir  William 
Herschel.     Professor  Tyn&U  has  recently  measured  and  mapped  the  heat  spectrum  of  the 
electric  light  with  great  accuracy,  and  it  may  be  well  for  us  to  consider  the  means  which  he 
employed.     The  electric  light  apparatus  was  fitted  with  Foucault's  regulator,  and  in  the  orifice 
of  the  lantern  a  lens  of  rock  salt  was  placed  so  as  to  render  the  rays  which  issued  from  the  voltaic 
arc  perfectly  paralleL     A  lens  of  rock  salt  was  employed  in  place  of  the  ordinary  glass  lens, 
because  rock-salt  cuts  off  a  far  less  amount  of  heat  than  glass.   The  parallel  beam  passed  through 
a  narrow  slit,  and  then  through  a  second  rock-salt  lens ;  behind  tins  lens  there  was  a  prism  of 
rock-salt,  by  means  oi  which  a  spectrum  was  cast  upon  a  screen.    A  very  delicate  thermo- 
electric pile,  having  a  vertical  linear  opening  0*03  inch  wide,  was  used  to  measure  the  heat  at 
various  points  of  the  spectrum.    Now  if  the  maximum  intensity  of  heat  be  called  100,  Tyndall 
found  the  intensity  in  the  blue  portion  of  the  visible  spectrum  to  be  o,  there  was  actually  no 
sensible  heat,  even  when  tested  by  so  delicate  an  instnmient ;  on  entering  the  green  it  was  2, 
on  entering  the  red  the  intensity  rose  at  once  to  21,  and  at  the  extreme  red,  that  is,  the  extreme 
limit  of  the  visible  spectrum,  it  was  45.     The  intensity  now  increased  rapidly  to  100,  and  then 
passed  rather  quickly  to  2.     It  was  tiius  found  that  the  length  of  the  heat  spectrum  consider- 
ably exceeds  that  of  the  entire  visible  spectrum  from  violet  to  red,  and  when  the  intensity  was 
measured  by  means  of  a  curve,  the  latter  was  found  to  commence  in  the  blue,  and  to  ascend 
gradually  until  just  beyond  the  red  it  "  shoots  suddenly  upwards  in  a  steep  and  massive  peak — 
a  kind  of  Matterhom  of  heat — ^which  quite  dwarfs  by  its  magnitude  the  portion  of  the  diagram 
representing  the  visible  radiation."    In  the  case  of  the  heat  spectrum  obtained  from  a  beiun  of 
sunlight  this  curve  is  less  steep,  because  the  aqueous  vapour  in  the  atmosphere  absorbs  a  con- 
siderable amount  of  the  obscure  heat  rays.    In  fact  while  the  invisible  radiation  of  the  sun's 
light  as  it  reaches  us  ia  onlv  about  double  that  of  the  visible,  the  invisible  radiation  of  the 
electric  light  is  nearly  eignt  times  greater  than  the  visible,  because  the  rays  pass  through  an 
infinitely  thinner  layer  of  aqueous  vapour  than  those  from  the  sun.    The  account  of  the  com- 
plete separation  of  the  invisible  heat  rays  from  the  visible  light  rays  of  the  electric  light,  wiU 
be  found  under  the  heading  Calortscence,    (See  also  Obscure  Heat;  £adiant  Beat,) 

HEAVY  GLASS.    See  SUicatea;  SUicaU  of  Lead, 

HEAVY  SPAK.    See  Sulphates,  Barium, 
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HELIACAL.  (^Xiaic^t,  belonging  to  the  bqxl)  The  ancient  aBtronomen  apoke  of  a  stur  ae 
liunghdiacailyf  when  it  rose  just  so  long  before  the  son  as  to  be  visible  in  the  monung  twilight. 
A  star  was  said  to  set  hdiaoaUy  when  it  set  just  long  enough  after  the  son  to  be  viSile  in  the 
evening  twilight.    (See  Aeronycal  and  CotnUeal.) 

HELIOCENTRIC.  {ijXLoSf  the  sun ;  K^tn-pw,  centre.)  A  term  used  in  astronomy  to  express 
the  position  or  motions  of  the  members  of  the  solar  system  with  respect  to  the  sun's  centre.  The 
htUocenirie  longitude  of  a  planet  is  the  angle  included  between  two  planes  through  the  sun's 
centre,  and  at  right  angles  to  the  plane  of  the  ediptic,  one  passing  through  the  fint  point  of 
Aries,  the  other  through  the  planet's  centre.  It  is  measured  from  the  first  plane  to  the  second 
in  the  order  of  the  signs,  and  so  may  have  any  value  between  o"  and  360**.  The  hfdiocaUtie 
latitude  of  a  planet  is  the  angle  which  a  line  joining  the  centres  of  the  sun  and  planet  makes 
with  the  plane  of  the  ecliptic,  and  is  called  north  or  south  according  as  the  planet  ia  north  or 
south  of  the  ediptia 

HELIOSTAT.  {rpkios  the  sun,  and  orarof,  stand.)  A  reflecting  minor  mounted  equato- 
xially,  and  driven  by  clockwork  at  such  a  rate  that  the  apparent  diurnal  motion  of  the  sun  ia 
neutralised.  When  properly  adjusted  a  beam  of  sunlight  reflected  from  it  may  be  kept  steadily 
in  one  direction  all  day. 

HEMMING'S  JET.  A  safety  jet  sometimes  used  for  the  eiplosive  gases  employed  for  the 
Lime  Light,  It  consists  of  a  tube  tightly  packed  with  fine  wires,  through  whidi  the  mixed 
gases  have  to  pass  on  their  way  to  tt^  jet.  The  flame  wiU  not  pass  along  the  fine  interstioea 
left  between  the  wires,  and,  therefore,  if  the  pressure  is  deficient,  and  the  flame  blows  back  it 
will  be  extinguished  before  it  gets  to  the  reservoir  of  mixed  gases.     (See  Lime  Light) 

HERAPATHITE.     See  lodoqtUnine. 

HERCULES.  One  of  Ptolemy's  nordiem  constellations.  This  constellation  Inditdes  with- 
in its  limits  the  point  towards  which  the  sun  is  travelling.  The  magnifioent  star  cluster,  13 
Messier,  belongs  to  this  constellation.  It  is  situated  between  the  stars  Eta  and  Zeta. 
Other  remarkaUe  clusters  and  nebula  are  to  be  found  in  this  fine  constellation. 

H  h:RSCHEL.    a  name  given  by  continental  astronomers  to  the  planet  Uranus.      

HERSCHELIAN  TELESCOPE.  A  fonn  of  reflecting  telescope  made  by  Sir  William 
HerscheL  It  is  the  simplest  of  all,  having  only  one  speculum.  The  rays  from  the  object  fall 
on  the  speculum,  which  is  placed  rather  doping  in  the  tube,  and,  therefore,  converges  them  to 
a  focus  at  the  side  of  the  tube,  where  they  are  received  direct  into  the  eyepiece.  The  40  foot 
reflector  was  of  this  construction. 

HIPPURIC  ACID.  One  of  the  normal  constituents  of  urine  ;  it  is  increased  by  vegetable 
food,  and  occurs  in  comparatively  large  quantity  in  the  urine  of  the  horse,  hence  its  name^ 
from  imrof,  a  horse.  Formula  CgHgNOg.  It  is  easily  converted  into  benzoio  add  by  oxidation, 
and  is  largely  used  as  a  source  of  this  add ;  it  forms  colourless  transparent  prisms,  sparingly 
soluble  in  cold  water,  but  readily  soluble  in  boiling  water  and  aloohoL  (See  AwimM  Nubri^ 
tAon.) 

HO ARrFROST.    Frozen  dew.    (See  Dew. ) 

HOMAN.     (Arabic.)    The  star  ^  of  the  oonstellatioii  Pegasus. 

HOMOGENEOUS  LIGHT.  light  of  one  degree  of  refrangibilitv,  consequently  of  one 
colour.  The  light  from  incandescent  vapours  of  lithium,  sodium,  and  thallium  are  homogeneous^ 
being  respectively  red,  yellow,  and  green.  Such  light  passing  through  a  prism  ii  refractod  only, 
but  not  dispersea 

HOMOLOGOUS  SUBSTANCES.  In  organic  chemistry,  substances  are  called  homolo- 
gous which  difE^er  from  one  another  in  oompodtion  by  CH,  or  any  multiple  thereof ;  thus  the 
alcohol  series,  the  fatty  add  series,  and  the  arnmatic  series  are  composed  reflectively  of  homolo- 
gous bodies.  (See  AlcohoU)  Fatty  adds,  aromatic  adds,  and  homologous  bodies  generally 
exhibit  a  regular  gradation  of  phydcal  and  chemical  propertiea 

HORIZON.  {bpL^ta^  to  bound).  In  astronomy  the  plane  of  a  great  drde  of  the  sphere 
dividing  the  viable  from  the  invidble  portion.  The  tenn  is  applied  to  two  different  cirdea. 
One  is  called  the  eemibU  horizon,  and  is  definable  as  the  drcle  in  which  the  tangent  plane  to  the 
earth,  at  the  place  occupied  by  the  observer,  meets  the  cdestial  sphere.  The  other,  called  the 
r(Ui(mal  htrnzouy  is  the  drcle  in  which  a  plane  through  the  earth's  centre  parallel  to  the  sensi- 
Ue  horizon  meets  the  celestial  sphere.  With  resj^ct  to  all  the  cdestial  objects^  except  the 
moon,  the  two  drdes  may  be  regarded  as  practically  coinddent. 

HORIZONTAL  PARALLAX.    See  Pamllax. 

HOROLOGIUM.     (The  Clock.)    One  of  Lacaille's  southern  constdlations. 

HORN  SILVER.    The  mineralogical  name  for  chloride  of  silver.    (See /St2i«r.) 

HORN  STONE.    See  Quartz, 

HORSE-POWER.    The  term  horse-power,  applied  as  a  measore  of  the  mechanical  effect  of 
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steam-engines  «nd  other  xnadunes,  has  no  reference  to  the  actoal  work  of  the  horse,  which  is  of 
of  necessity  veiy  variable.  When  the  work  of  a  machine  is  equal  to  33,000  foot-po  nnds  per 
minute,  it  is  said  to  be  of  one  horse-power.  A  machine  of  50  horse-power  means  a  machine 
capable  of  producing  in  one  minute  a  mechaninal  effect  equal  to  50  x  33,000  foot^unds.  (See 
Foot-Pound,) 

HOROLOGY.  (A/M,  time ;  and  Xdyof,  discourse.)  The  science  which  treats  of  methods  of 
measuring  and  markfng  the  hours  of  the  day.  The  tenn  horology  was  fonnerly  applied  to  any 
contrivance  for  measuring  time,  as  the  clepsydra  and  sun-diaL  Horology  now  embraces  the 
principles  of  the  construction  of  clocks  and  watches.  The  date  of  the  introduction  of  a  com- 
bination of  wheds  and  pinions  to  measure  time  is  uncertain,  but  it  is  known  that  in  1364  a 
Grerman  named  Henry  de  Wyck  set  up  a  clock,  regulated  by  a  balance,  for  Charles  V.  of  France. 
Since  this  date  clocks  and  watches  have  superseded  all  other  oontriyances  for  Tna^Mug  the  hours 
of  Jihe  day.    All  varieties  of  time-pieces  include  five  essential  parts. 

1.  A  moving  power. 

2.  An  indicator  by  whose  uniform  motion  time  is  measured. 

3.  An  aocurately  divided  scale  over  which  the  indicator  moves. 

4.  A  certain  mechanism  by  which  motion,  originating  with  the  moving  power,  is  imparted  to 

the  indicator. 

5.  A  TegaiAior  to  render  the  motion  of  all  the  parts  uniform. 

In  the  common  clock  the  moving  power  is  a  weight  suspended  by  oords  over  a  pulley,  which 
H  causes  to  revolve.  The  indicator  is  the  hand,  and  the  scale  is  the  dial  plate.  The  mechanism 
is  a  combination  of  toothed  wheels  and  pinions,  so  arranged  as  to  secure  a  required  rdation 
between  the  times  of  revolution  of  the  first  wheel  and  the  last.  The  regulator  of  a  common 
dock  consists  of  a  pendulum  and  escapement  wheel  (See  Pendfdum  and  Escajpement.)  The 
former  oscillates  regularly  in  equal  times,  and  allows  one  tooth  of  the  escapement  wheel  to  pass 
it  at  each  oscillation.  The  escapement  is  connected  with  the  train  of  wheds  moved  by  the 
weight,  and  therefore  regulates  their  motion  and  rendeis  it  uniform.  Hence  the  rq^ulating 
power  of  the  pendulum  depends  on  the  following  facts : — 

1.  The  time  of  oscillation  is  always  the  same  for  the  same  pendulum. 

2.  This  time  may  be  made  shortor  or  longer  by  varying  the  length  of  the  pendulum,  a  pen- 
dulum oscillating  in  one  second  being  39  inches  lonff,  one  oscillating  four  times  a  second  being 
half  this  length,  nine  times  a  second  a  third  of  this  length,  and  so  on. 

3.  The  motion  of  the  pendulum  can  be  made  to  regulate  the  revolution  of  the  e8ciq>ement 
wheel  The  teeth  of  the  escapement  wheel  are  so  constructed  as  to  exert  a  lateral  pressure  on 
the  pendulum  during  one  part  of  its  motion,  so  as  to  repair  the  loss  of  momentum  in  the  pendu- 
lum arising  from  friction  and  resistance  of  the  air. 

For  wi^dies  and  time-pieoes  in  which  the  space  required  for  the  ascent  and  descent  of  the 
wdght  would  be  inconvenient,  the  moving  power  is  the  elastic  force  of  a  main-spring.  It  is  a 
ribl^  of  highly-ten]|)ered  sted,  bent  in  the  form  of  a  spiral.  When  the  spring  is  coiled  round 
its  axle  or  arbor  it  has  a  tendency  to  uncoil  itself.  The  arbor  is  free  to  revolve,  and  is  there- 
fore set  in  motion  by  the  spring.  The  force  of  the  spring  is  a  variable  power,  and  sure  means 
is  therefore  required  to  render  its  effect  regular  and  imif(»m.  This  is  acoomplished  by  a  beau- 
tiful contrivance  termed  the  fusee,  a  conical  barrel  surrounded  by  a  flexible  chain.  (See  Puiet,) 
The  regulating  part  of  a  watch  is  usually  the  balance-wheel  It  consists  of  a  fly-wheel,  having 
a  heavy  rim  and  a  fine  spring,  termed  a  hair-aprtng^  attached  by  one  extremity  to  the  axle  of 
the  wheel,  and  by  the  other  to  a  fixed  point,  ^e  spring  \b  placed  in  a  certain  ipmil  form 
natural  to  it>  and  to  which  when  disturbed  it  has  a  toidency  to  return.  When  the  wheel  is 
drawn  aside,  tiierefore,  the  spring  causes  it  to  oscillate.  The  oscillations  of  the  spring,  like  those 
of  a  pendulum,  are  isochronous.  An  escapement  whed  renders  the  balanoe-whed  effective  in 
regulating  the  motion  of  the  other  parts. 

In  the  machinery  of  the  watch  or  dock  it  is  necessary  to  interpose  a  series  of  wheels  between 
the  main-spring  and  balance-wheel,  so  that  the  main-spring  by  acting  through  a  small  space 
may  produce  tiie  required  numbor  of  revolutions  of  the  escapement  wheel  Without  this 
number  the  spring  would  require  frequent  winding  up.  The  same  applies  to  the  work  of  a 
dock. 

The  following  works  may  be  referred  to  on  the  subject : — ^Beid's  TrtaHu  on  Clock  and  Watek 
Making;  J}€itluim*8  Atiificial  Clockma^  Eamshaw's 

ExplanoUioni  of  Timeketpen;  Berthoad,  Ettai  tur  VHoiiogme,  and  HitUnrt  de  la  Mlture  du 
Tern. 

HOT-AIK  ENGINR  The  fact  that  air  expands  considerably  when  heated  has  frequentiy 
suggested  its  use  as  a  motive  power  instead  of  steam,  and  several  very  useful  engines  have  been 
oonstnicted  to  work  by  the  expansion  of  heated  air.    Dr.  Joule  proposed  various  engine!  which 
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in  theory  (that  is  to  say,  supposing  no  loss  of  force  to  arise  from  friction  or  radiation),  wonid 
leave  as  much  as  half  the  heat  of  combustion  available  for  work,  that  is,  about  five  times  the 
fraction  which  has  been  attained  in  the  most  perfect  steam-engine.  Mr.  Stirling  was  the  first 
to  construct  a  working  hot-air  engine.  One  of  the  simplest  forms  of  air  engine  consists  of 
a  receiver  into  which  air  is  compressed  by  a  pump,  and  in  which  it  is  afterwards  heated,  and  a 
cylinder  communicating  with  the  receiver,  the  piston  of  which  is  worked  by  the  air  after  it  has 
been  heated.  The  available  work  is  that  expended  in  moving  the  piston  less  that  spent  in 
working  the  pump.  (See  PhiL  Trans.  1852,  part  L)  Mr.  Ericsson,  a  Swede,  has  considerably 
improved  upon  Iif&.  Stirling's  model  Ericsson's  calorific  engines  of  sixty  horse-power  have 
been  constructed  in  America.  The  following  is  a  detailed  description  of  one.  The  cylinders 
are  arranged  in  pairs,  being  either  two  or  four  in  number.  The  upper  cylinder  of  each  pair, 
which  is  much  the  smaller,  is  vertically  over  tiie  lower,  and  the  pistons  of  the  two  cylinders  are 
connected,  so  that  when  the  larger  is  made  to  ascend  it  lifts  the  smaller.  Hot  air  has  access  to 
the  lower  or  working  cylinder  below  the  piston,  and  cold  air  to  the  upper  or  iupj^y 
cylinder  above  the  piston,  the  supplies  being  regulated  by  means  of  valves.  Let  us  suppose  the 
pistons  to  be  in  their  highest  positions,  then  the  lower  cylinder  will  be  filled  with  hot  air.  The 
valves  closing  these  (flinders  are  now  opened,  the  pistons  fall  in  consequence  of  their  wn 
weight,  the  hot  air  is  driven  out  of  the  lower  cylinder,  and  cold  air  allowed  to  pass  into  the 
upper  cylinder.  When  hot  air  is  again  admitted  into  the  lower  cylinder  the  pistons  ascend,  and 
as  the  valves  at  the  top  of  the  upper  cylinder  are  now  closed,  the  cold  air  cannot  return,  bat  is 
forced  into  a  receiver.  From  this  vessel  it  passes  to  the  lower  cylinder,  going  through  what  is 
called  the  regenercUor  in  its  passage.  The  regenerator  is  a  vessel  to  which  heat  is  applied  on 
the  side  remote  from  the  receiver  and  nearest  the  cylinder.  Within  it  are  placed  sheets  of  fine 
wire  net- work  like  that  used  for  sieves,  the  number  of  sheets  being  sufficient  to  form  a  thickness 
of  about  12  inches.  In  passing  through  the  innumerable  cells  formed  by  these  reticulated  sheets 
the  air  is  heated  to  a  very  considerable  temperature.  In  this  state  it  passes  to  the  lowet 
cylinder,  under  which  a  fire  is  applied,  so  that  on  entering  the  cylinder  the  air  is  still  further 
heated  until  the  small  cylinder  full  of  cold  air  is  heated  and  expanded  as  exactly  to  fill  the  large 
cylinder.  As  the  pistons  are  unequal  in  area  the  upward  pressure  on  the  lower  or  larger  piston 
exceeds  the  downward  pressure  on  the  upper  or  smaller  piston,  and  the  difference  of  the  pres- 
0ures  is  the  'vmrking  power  of  the  engine.  When  the  hot  air  has  done  its  work,  it  is  driven  again 
through  the  meshes  of  the  regenerator,  where  it  leaves  much  of  the  heat  it  received  there,  and 
then  passes  away  from  the  machine. 

Air  engines  will  obviously  have  an  advantage  over  steam-engines  where  a  sufficient  supply 
of  water  cannot  be  obtained.  All  attempts  to  establish  them  as  marine  engines  have  hithoio 
failed.    (See  Heal-Engine,) 

HOUK-ANGLE.  The  angle  between  the  hour-circle  of  a  body  and  the  meridian  of  the 
place  of  observation. 

HOXJErCIRCLE.  In  an  equatorial  telescope  the  graduated  posUion  drcU^  attached  to  the 
polar  axis,  is  called  the  hour-circle  ;  it  is  graduated  to  degrees,  and  also  to  hours  from  one  to 
twenty-four,  and  is  supplied  with  two  verniers  by  which  seconds  can  be  read.  This  circle  if 
Bometimes  connected  with  a  clock  movement,  by  which  the  telescope  is  moved  on  the  polai 
axis.     (See  Tdescope;  Equatorial;  Potition  Cirde.) 

HOXJBrCIRCLE.  In  astronomy  a  circle  on  the  heavens,  passing  through  the  position  of  a 
celestial  object,  and  the  poles  of  the  heavens. 

HUMIG  ACID;  or,  Ulmie  Acid.  A  brownish  black  substance  occurring  in  vegetable 
mould  and  liquids  containing  decomposing  vegetable  substances.  It  may  be  produced  by 
boiling  sugar  for  some  time  with  a  dilute  mineral  add,  when  black  or  brown  scales  are 
deposited ;  these  are  washed  in  water  and  digested  with  ammonia.  A  black  insoluble  substance 
caUed  Ulmin  is  left  behind,  and  the  solution,  on  being  neutralised  with  an  acid,  deposits  humic 
add  in  brown  or  black  flocks.  The  composition  of  humic  add  is  Os^HuOg ;  it  is  soluble  in  pure 
water,  but  insoluble  in  dilute  adds,  or  some  neutral  salts. 

HUMIDITY.  {HunUduSf  moist.)  A  term  used  by  meteorologists  in  speaking  of  the 
amount  of  moisture  present  in  the  air.  It  is  used  in  two  senses.  Absolute  humidity  refers  to 
the  actual  amount  of  aqueous  vapour  present  in  the  air  ;  rdative  humidity  refers  to  the  propor- 
tion between  the  amount  of  aqueous  vapour  actually  present  in  the  air,  and  the  quantity  wMch  the 
air  could,  at  its  actual  temperature,  retain  in  the  invisible  state.  (See  Saturation.)  The  latter 
usage  corresponds  with  the  ordinary  use  of  the  term  humidity  or  dampness  as  applied  to  the 
air,  since  the  effect  which  we  ordinarily  term  dampness  depends,  not  on  the  actual  amount  of 
vapour  present  in  the  air,  but  on  the  circumstance  that  the  air  is  nearly  saturated. 

HUNTER'S  SCREW.    See  Differential  Screw,  Hunter's. 

HURRICAKB.    See  Winds;  Cydone. 
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HUYGHENS*  EYE-PIECE.    See  Negative  Eye-Piece. 

HYACINTH.    See  Zirconium, 

HYADES.  (Tddes,  the  rain.)  In  astronomy  a  group  of  stars  near,  and  including  Alde^ 
baran,  and  connected  with  the  Pleiades  by  a  well-marked  stream  of  stars. 

HYALOID  MEMBRANE.  (uaXos,  glass.)  A  transparent  membrane  in  the  convoluted 
folds  of  which  the  vitreous  humour  is  contained.    (See  Eye.) 

HYDRA.  (The  Water-Serpent)  One  of  Ptolemy's  southern  constellations,  remarkable  for 
its  great  extension.  It  has  been  proposed  that  this  constellation  should  be  divided  into  portions 
of  more  convenient  dimensions,  but  hitherto  no  successful  attempt  has  been  made  to  effect  this. 
The  constellations  Corvus  and  Crater  were  originally  regarded  as  subdivisions  of  Hydra,  and 
named  accordingly  Corvus  et  Hydra,  and  Crater  et  Hydra.  This  inconvenient  nomenclature 
has,  however,  been  abandoned.  Extending  as  Hydra  does  from  the  neighbourhood  of  Cancer 
to  that  of  Libra,  that  is  along  four  signs  ef  the  Zodiac,  it  is  clear  that  any  arrangement  by 
which  its  preposterous  length  should  be  diminished  would  be  a  decided  improvement. 

HYDRATE  OF  CHLORAL.     See  Chloral. 

HYDRATES.  Terms  applied  to  compounds  containing  water,,  or  its  elements  in  the  pro- 
portion to  form  water,  thus  Na,O.H,0  is  called  hydrate  of  sodium.  SOg.H^O  is  hydrated 
sulphuric  add.  Fe^'H.fi^  is  hydrated  ferric  oxide.  C^H^O  is  conmion  alcohol,  or  hydrate  of 
ethyL  Hydrated  salts  are  those  which  contain  water  of  hydration  or  crystallisation,  thus 
Zn^04.H,0-  -t-  6  aq.  is  hydrated  sulphate  of  zinc ;  the  six  molecules  of  water  are  held  with 
less  tenacity  than  the  other  atom. 

HYDRAULIC  RAM.    See  Water  Ram. 

HYDRAULICS.    See  Hydro-dynamia, 

HYDRAULIC  PRESS ;  or,  Bramah't  Press.  It  follows  from  the  principle  of  the 
distribution  of  pressure  through  liquids  (see  Pressure  through  Liquids),  that  if  a  vessel  be  com- 
pletely filled  with  water  and  have  two  tubes  of  equal  diameter  fitted  into  it  at  any  two  places, 
which  tubes  are  also  completely  full  of  water,  and  fitted  with  pistons,  any  inward  pressure  ap- 
plied to  the  one  piston,  will  give  rise  to  an  equal  and  outward  pressure  on  the  second  piston. 
n,  instead  of  the  second  tube,  there  be  two  equal  ones,  side  by  side,  each  of  them  will  be 
pressed  outward  by  the  same  force.  Hence,  if  the  piston-rods  of  the  two  neighbouring  tubes 
be  connected  together,  the  two  together  will  be  pui^ed  outwards  with  a  force  equal  to  twice 
the  force  with  which  the  first  is  pushed  in.  Fuxther,  if  instead  of  having  the  two  cylinders 
side  by  side,,  they  are  joined  together  so  as  to  make  one  cyUnder  of  twice  uie  sectional  area,  the 
larger  piston  will  be  pressed  outwards  with  a  force  equal  to  twice  the  force  applied  to  press  the 
first  piston  inwards.  If  the  first  piston  have  a  sectional  area  of  I  square  inch,  and  be  pressed 
inwafds  with  a  force  of  I  pound,  the  second  piston  will,  if  it  have  a  sectional  area  of  3  square 
inches  be  pressed  outwards  with  a  force  of  3  pounds,  and  so  on.  In  short,  the  pressure  on  the 
two  pistons,  supposing  them  to  keep  one  another  in  equilibrium  will  be  directly  proportional  to 
the  superfidal  area  of  the  pistons  or  sectional  area  of  the  cylinders.  If,  therefore,  one  cylinder 
(and  piston)  be  exoeedinfly  narrow  in  comparison  with  the  other  cylinder  (and  piston)  there 
will  he  a  corresponding  disproportion  between  the  forces  which,  when  applied  to  tlie  re^)ective 
pistons  will  keep  one  another  in  equilibrium.  It  follows,  of  course,  from  the  principle  of  the 
conservation  of  work,  or  indeed  directly  from  the  constancy  of  the  quantity  of  water  that  the 
paths  moved  through  by  the  narrow  and  wide  pistons  are  inversely  proportional  to  their 
superficial  area,  that  is,  inversely  proportional  to  the  forces  themselves.  The  hydraulic  press 
(called  also  from  its  inventor,  Bramah's  Press)  depends  upon  the  above  principle.  It  consists 
essentially  of  an  exceedingly  strong  capacious  iron  cylinder,  through  the  top  of  which  works, 
water-tight,  a  large  solid  cylindrical  piston  or  "plunger,"  which,  when  at  its  lowest,  nearly  fills 
the  cylinder.  A  narrow  tube  communicates,  on  the  one  hand,  through  the  side  of  the  first 
cylinder,  with  its  cavity :  on  the  other,  with  a  veiy  much  smaller  strong  cylinder,  also  provided 
witli  a  plunger  piston.  The  bottsm  of  the  sxdbXL  cylinder  communicates  with  a  reservoir  of 
water  or  oH.  In  the  tube  connecting  the  two  cylinders,  there  is  a  valve  which  opens  towards 
the  Luger  one.  In  the  tube  connecting  the  lesser  cylinder  with  the  reservoir  of  liquid,  there  is 
a  valve  which  opens  towards  the  lesser  cylinder  (upwards).  The  plunger  of  the  little  cylinder 
is  worked  up  and  down  by  a  lever  or  fly-wheel,  acting  on  the  plunger  by  a  mechanism  of 
''parallel  motion."  When  the  plunger  of  the  little  cylinder  is  forced  down,  the  valve  in  the 
tube  leading  to  the  reservoir  is  forced  shut :  the  liquid  is  forced  along  the  connecting  tube  into 
the  greater  cylinder  and  lifts  its  plunger.  When  the  little  plunger  is  lifted,  the  liquid  cannot 
return  from  the  larger  cylinder,  on  account  of  the  valve  in  the  connecting  tube  ;  but  the  liquid 
rises  from  the  reservoir  through  the  valve  into  the  little  cylinder,  being  pushed  by  the  atmos- 
phere to  which  its  surface  is  exposed.  At  every  down-4troke,  therefore,  there  is  forced  into  the 
laiger  cylinder  a  quantity  of  liquid  equal  to  the  volume  of  the  lesser  plunger  which  is  thrust 
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into  the  little  cylinder.  Since  the  liquid  is  practically  incompressible,  the  larger  plunger  is 
thrust  out  to  make  room  for  this  volume  of  liquid.  As  its  sectional  area  is  very  large,  it  need 
only  move  a  little  way  for  this  purpose.  In  short,  if  the  sectional  area  of  the  larger  plunger  be 
looo  times  as  great  as  that  of  the  smaller,  a  force  of  i  lb.  on  the  smaller  plunger  will,  neglec- 
ting friction,  iSt  a  force  of  anything  under  looo  lbs.  in  the  larger  one.  The  hydraulic  press  is 
much  used  where  immense  pressure  has  to  be  applied  through  short  ranges  of  distance.  The 
range  is,  of  course,  for  one  position  of  the  machine,  limited  to  the  length  of  the  larger  plunger 
and  cylinder.  This  press  is  useful  for  expressing  oil  from  seed ;  testing  steam  boilers ;  starting 
a  i^p  which  is  to  be  launched ;  compressing  cotton  for  importation.  When  a  longer  range  of 
force  is  required,  as  in  lifting  girders  of  bridges,  &c.,  the  weight  must,  of  course,  be  supported 
after  being  lifted,  until  the  press  itself  is  raised  bodily  to  a  higher  leveL  So  great,  in  some 
jpii^n*^^,  is  the  pressure  which  has  been  obtained  in  the  hydrate  press  that  the  water  in  the 
larger  cylinder  has  been  forced  through  its  sides, — a  thickness  of  more  than  six  Inches  of 
wrought  iron. 
HYDKIDES,  PRIMARY,  OXIDES  OF.    According  to  Dr.  Odling :— 


FormiikL 

Oxhydrats,  Ac 

DeiivatiTes. 

HCl 
HCIO 

Hao, 

HCIO, 
Ha04 

M<moba*ic 
Chlorhydrie 
Hypoehloroas 
Chlorooi 
Chloric 
Percbloilo 

KCi             Eta 

Kao           

Kao,          — 

KCIO,              

s:ao4         Etao4 

H98 
H^SO 

H2SO5 
HsS04 

Dibatie. 
Snlphydrio 

SnlpharoiiJ 
Bttlphurio 

KHS                EtfS 
Cl^SO              Bt,Se0 

CUSO, 

KfiS(%             Et«S08 

K,S04              £tHS04 

H,P 

HjPOj 

HsPOi 
H3PO4 

Triboik, 
Flioq>liine 

HyphMphorons 

Phosphorous 

Phoiphorio 

Ag«P               EtjP 
ClaPO              EtjPO 

KfijPO,           

KsHPO,          EtsPO, 
K3PO4             E%P04 

HfSi 

HiSiOi 
H4Si04 

Tdrdbane. 
SUic.  Hydrogen 

Silicic  add 

ICgs'^Sl            Et^Sl 
E:4SiO«            Bfc4SK)4 

HYDRIODIO  ACID.  A  colourless  gas  composed  of  equal  volumes  of  hydrogen  and  iodine 
vapour.  Formula  HI.  Specific  gravi^  4*435*  ^^  ^  rapidly  absorbed  by  water,  fonning  an 
aqueous  solution,  which  fumes  strongly  m  the  air,  and  possesses  powerful  acid  properties.  On 
exposure  to  the  air  it  decomposes  with  absorption  of  oxygen  and  separation  of  free  iodine.  In 
its  chemical  properties  it  is  somewhat  similar  to  hydrochloric  add. 

HYDROBROMIO  ACID.  A  gaseous  compound  of  bromine  and  hydrogen,  composed  of 
equal  volumes  of  bromine  vapour  and  hydrogen.  It  is  a  colourless  strongly  add  gas,  having 
a  pungent  odour.  Formula  HBr.  Specific  gravity,  2*8.  It  is  greedily  absorbed  by  water, 
forming  a  strongly  add  solution  which  fumes  in  the  air.  The  properties  of  this  add  are  very 
similar  to  those  of  hydrochloric  add. 

HYDROCARBONS.  Combinations  of  hydrogen  and  carbon.  These  form  a  very  important 
and  numerous  class  of  orf2[anic  bodies.  Their  number  is  considerable,  and  fresh  members  are 
being  constantly  discovered.  They  may  be  divided  into  groups,  of  which  the  following  are  tiie 
most  impo'rtant : — 

Alcohol  radicals,  of  which        Methyl  (CH*),,  may  be  taken  as  the  type. 
Hydrides  of  alcohol  radicals,    Marsh  Gas,  CH^ 
Olefines,  Olefiant  Gas,  CJ^^ 
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HydrocarboDB,  of  which  Acetylen  CgHj,  may  be  taken  as  the  type. 
Camphenes,  „        Turpentin,  C^oHif  „  „ 

Hydrocarbons,      „        Benzol,  CqHq  „  ,, 

Hydrocarbons,       ,,        Naphthalm,  CioHg  ,,  „ 

The  h)wer  members  of  the  first  fonr  of  the  above  groups  are  gaseons,  whilst  the  highest  mem« 
bers  of  all. are  solid.  The  great  majority  of  hydrocarbons  are,  however,  gaseous.  The  most 
plentiful  source  of  hydrocarbons  is  the  destructive  distillation  of  wocdi  coal,  and  similar 
bodies. 

HYDROGHLORIO  ACID.  A  gaseous  compound  of  chlorine  and  hydrogen,  formed  by 
mixing  the  two  gases  in  equal  volumes.  They  do  not  unite  in  total  darkness,  but  a  lighted 
match  or  exposure  to  the  sun's  rays  causes  them  to  explode,  whilst  diffused  daylight  or  faint 
artificial  light-induces  their  slow  union.  They  unite  without  contraction  or  expansion.  Hydro- 
chloric add  is  usually  prepared  by  decomposing  chloride  of  sodiimi  by  strong  sulphuric  acid. 
In  the  dry  state  hydrochloric  acid  is  a  colourless,  strongly  add  gas,  having  a  pungent  odour. 
Formula  HCl.  Spedfic  gravity,  i  '27.  Water  dissolves  458  times  its  volume  of  the  gas,  forming 
the  ordinary  hydrochloric  add  of  commerce.  The  gas  liquifies  at  a  pressure  of  40  atmospheres ; 
it  is  not  inflammable,  and  extinguishes  ordinaiy  burning  bodies,  although  potassium  bums  in  it, 
forming  chloride  of  potassium.  A  strong  solution  of  hydrochloric  add  when  pure  is  colourless ; 
its  specific  gravity  is  i'2i,  and  it  fumes  copiously  in  the  air;  it  boils  at  a  little  above  the 
ordiuary  temperature,  evolving  hydrochloric  add  gas,  and  when  the  temperature  rises  to  about 
lOO**  G.  (212°  F.)  a  solution  of  the  add  comes  over  containing  one  molecule  of  HCl  dissolved  in 
8  molecules  of  water.  Hydrochloric  add  possesses  strong  solvent  powers  on  many  metals, 
hydrogen  being  evolved,  and  metallic  chlorides  being  produced ;  it  reddens  litmus,and  has 
an  intensely  sour  taste.    Mixed  with  nitric  add  it  forms  nitro-hydrodiloric  add  or  aqtut  regia. 

At  the  Liverpool  meeting  of  the  British  Association,  held  in  September  1870,  Mr.  Henry 
Deacon  illustrated  a  very  simple  method  of  decomposing  hydrochloric  add,  and  getting  the 
chlorine  from  it  in  an  available  form.  He  passes  a  mixtmre  of  hydrochloric  add  sjod  air  at  a 
temperature  of  about  joo^-yso"*  F.  through  tubes  containing  pieces  of  brick  soaked  in  solution 
of  sulphate  of  copper  and  dried.  The  sulphate  of  copper  remains  unchanged,  and  appears 
capable  of  converting  an  indefinitely  large  quantity  of  hydrochloric  add  and  atmospheric  oxygen 
into  chlorine  and  aqueous  vapour.  This  process  succeeds  well,  as  a  laboratory  experiment,  and 
is  about  to  be  employed  on  a  manufacturing  scale  for  making  bleaching  powder  (chloride 
of  lime.) 

HYDRO-DYNAMICS.  This  branch  of  physics  oonsiders  the  motion  of  liquids.  The 
application  of  liquid  motion  to  madiinery,  and  me  application  of  mechanical  force  to  procure 
required  motion  in  liquids  form  the  subject  of  ffydramtcs. 

HYDRO-ELECTRIC  MACHINE.    See  EUctrie  Machime, 

HYDRO-FLUORIC  ACID.  A  compound  of  fluorine  and  hydrogen,  analogous  to  hydro- 
diloric,  hydrobromic,  and  hydriodic  adds  ;  it  has  recently  been  submitted  to  detailed  examina- 
tion by  Mr.  Grore  {Phil.  Trant.  1869,  p.  173).  In  the  anhydrous  state  it  is  a  perfectly  colourless 
transparent  liquid,  very  thin  and  mobile,  spedfic  gravity  0*9879,  boiling  at  07*"  F.,  densely  fum- 
ing in  the  air  at  ordinary  temperatures,  and  absorbing  water  very  greedily  from  the  atmosphere. 
It  does  not  corrode  glass  in  the  slightest  degree.  In  physical  and  chemical  properties  it  appears 
to  lie  between  hydrochloric  acid  and  water.  Aqueous  hydrofluoric  add  attadu  glass  and  rock 
crystal  with  violence.  They  are  both  highly  dangerous  substances,  and  require  extreme  care  in 
their  manipulation.  The  oompodtion  of  the  anhydrous  acid  is  esqwessed^  by  the  symbols  HF. 
It  dissolves  most  of  the  metals,  forming  Fluori(U$» 

HYDROGEN.  A  colourless  inodorous  gas,  the  lightest  known  substance,  being  14)  times 
lighter  than  atmospheric  air.  Specific  gravity,  0*0693.  ^^  ^  ^^^7  JTiflftmmable,  burning  in  the 
air  with  an  almost  colourless  flame  and  uniting  with  the  oxygen  to  form  water.  Its  exceeding 
lightness  renders  it  posdble  to  transfer  hydrogen  from  one  vessd  to  another  by  a  process  of 
pouring  with  the  vessels  held  upside  down ;  it  may  also  be  collected  by  displacement  in  a 
vessel  held  mouth  downwards ;  and  it  is  occasionally  used  for  filling  balloons.  The  atomic 
weight  of  hydrogen  ia  I ;  and  its  symbol  H.  It  is  usually  prepued  by  dissolving  zinc, 
in  dilute  sulphuric  add  when  the  meti^  takes  the  place  of  the  hydrogen  which  Lb  evolved.  It 
is  also  frequently  prepared  at  lectures  by  introducing  a  piece  of  sodium  into  an  inverted  cylinder 
filled  with  water  standing  in  a  pneumatic  trough ;  the  soditun  removes  the  oxygen  from  the 
water,  and  liberates  the  hydrogen.  Hydrogen  is  never  met  with  free  in  nature,  but  it  forms 
one-ninth  part  of  water,  and  is  a  constant  constituent  of  organic  bodies.  A  mixture  of  two 
parts  by  bulk  of  hydrogen  with  one  of  oxygen  forms  a  violently  explodve  compound,  the  two. 
uniting  on  contact  with  name,  without  any  reddue,  to  form  water,  if  the  vesad  is  not  very 
strong,  it  is  shattered  to  pieces,  bat  if  of  suffident  strength  to  redst  the  explosion,  no  noise  is 
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heard.  A  similar  detonation,  but  less  yiolent,  is  produced  when  hydrogen  is  mixed  with  two  and  ft 
half  times  its  volume  of  atmospheric  air  and  ignited.  Combination  of  the  explosive  mixture  is  also 
effected  at  the  common  temperature  by  contact  with  a  plate  of  platinum  or  a  piece  of  platinum 
sponge ;  in  the  latter  case  the  temperature  rapidly  rises  to  the  igniting  point.  When  the  mixed 
gases  are  forced  from  a  fine  jet  and  ignited,  they  constitute  the  oxyhydrogen  blow-pipe  (see 
Moio-pipe,  Oxyhydrogen)  which  is  one  of  the  highest  artificial  sources  of  heat  Hydrogen  xmites 
with  oxygen  in  two  proportions,  forming  the  protoxide,  toater  (H|0)  and  the  peroxide  (H^O,). 
The  properties  of  water  will  be  described  under  its  heading.  Peroxide  of  hydrogen  is  a  colour- 
less transparent  liquii,  of  specific  gravity  1*452,  less  volatile  than  water,  and  having  a  harsh 
bitter  taste  ;  its  oxidising  properties  are  very  great,  the  second  atom  of  oxygen  being  liberated 
readily.  A  rise  of  temperature  decomposes  it  rapidly,  sometimes  even  with  explosive  violence. 
When  placed  on  the  skm  it  whitens  the  cuticle,  and  when  added  to  various  metallic  solutions 
it  quickly  raises  the  metal  to  the  highest  state  of  oxidation.  Some  subetances,  such  as  oxide 
of  silver,  peroxide  of  manganese;  &c.,  added  to  peroxide  of  hydrogen,  decompose  it,  and  not  only 
cause  the  extra  atom  of  oxygen  to  be  evolved,  but  at  the  same  time  give  up  some  of  their  own 
oxygen,  the  peroxide  of  hydrogen  acting  in  this  case  as  a  reducing  agent.  These  decomposi- 
tions have  been  examined  by  Sir  Benjamin  Brodie  {PhiL  Trans. ^  i^S^,  p.  759)*  who  has  ex- 
plained them  on  the  supposition  that  the  oxygen  in  the  two  bodies  is  contained  in  different 
states  of  polarity,  so  that  when  they  meet  they  unite  and  are  evolved  together.  Peroxide  of 
hydrogen  is  obtained  by  a  difficult  process  by  the  decomposition  of  peroxide  of  barium  with 
acid.  Amongst  other  compounds  of  hydrogen  may  be  mentioned  antinwniuretted  hydrogen, 
arseniuretted  hydrogen^  sulphuretted  hydrogen,  phosphuretted  hydrogen,  sdeniuretted  hydrogen-, 
tdluretted  hydrogen,  hydrochloric  acid,  hydrobromic  a>cid,  hydriodic  ood,  hydrojluorie  acid,  besides 
organic  compounds,  which  will  be  described  under  their  respective  headings. 

HYDROGENIUM.  From  his  researches  on  the  occlusion  of  hydrogen  by  palladium, 
Professor  Graham  was  led  to  infer  the  existence  of  an  alloy  of  palladium,  and  hydrogen  gas 
condensed  to  a  solid  form  to  which  he  gave  the  name  of  hydrogenium.  By  an  ingenious 
process  of  reasoning  from  the  properties  of  this  alloy  of  palladium  and  hydrogenium,  the  follow- 
ing description  of  the  latter  is  deduced.  Its  density  is  0711 ;  it  is  solid,  metallic,  and  of  a 
white  aspect ;  it  has  a  certain  amount  of  tenacity,  and  possesses  the  electrical  conductivity  of  a 
metal ;  finally,  it  takes  its  place  among  magnetic  metals.  In  its  alloy  with  palladium  it  decom- 
poses chloride  of  mercury,  unites  with  chlorine  and  iodine  in  the  dark,  reduces  a  persalt  of  iron 
to  the  state  of  proto-salt,  and  has  considerable  deoxidising  powers  not  possessed  by  hydrogen  in 
its  ordinary  condition.     (See  Proc  R.  S.,  1868,  p.  422  ;  1869,  pp.  220,  500.) 

HYDROGEN  LINES,  BROADENING  OF.  (See  also  Hydrogen,  Spectrum  of.)  Plucker 
has  shown  that,  when  the  intensity  of  the  induced  current  is  increased,  the  green  and  blue  lines 
Been  in  the  hydrogen  spectrum  begin  to  broaden.  Lockyer  has  discovered  that  close  to  the 
sun's  surface  the  red  hydrogen  line  is  frequently  seen  broadened,  tapering  off  to  its  usual  width 
in  the  upper  regions  of  the  chromosphere.  He  has  found  this  to  be  due  to  increased  pressure 
of  gas,  and  lus  observations  point  to  the  possibility  of  ascertaining  both  the  temperature  and 
pressure  of  the  solar  atmosphere  at  different  heights  above  its  surface.  (See  Mr.  Lockyer's 
Paper,  PhU.  Trans.,  1869,  p.  425.) 

HYDROGEN,  SPECTRUM  OF.  TMs  may  be  obtained  either  by  examining  the  light 
from  a  hydrogen  vacuum  tube  (see  GdssUr*8  Tubes)  or  from  the  terminals  of  a  Buhmkorf  coil 
striking  in  hydrogen  gas,  in  the  spectroscope.  It  consists  of  three  bright  lines — a  red  coincident 
with  Fraunhofer's  C,  a  green- line  coincident  with  Fraunhofer*s  F,  and  a  blue  line  coincident 
with  Fraunhofer's  G.  Spectrum  analysis  has  shown  the  presence  of  these  luminous  lines  in  the 
spectrum  of  the  red  protuberances  seen  during  an  eclipse,  and  Mr:  Lockyer  and  Professor 
Janssen  have  also  detected  them  in  the  spectra  of  the  protuberances  and  chromosphere,  showing 
the  presence  of  hvdrogen. 
HYDROSTATIC  ARCH.    See  Arefk 

HYDROSTATICS.  Hydrostatics  is  the  science  of  the  equilibrium  of  liquids,  and  of  other 
t>odie8  (especially  solids)  in  the  maintenance  of  whose  equilibrium  liquids  are  concerned. 

HYDROSTATIC  BELLOWS.  This  toy  exemplifies  the  law  of  the  distribution  of  pres- 
sure through  liquids,  and  also  the  hydraidic  press.  (See  Pressure  through  Liquids,  and  Hydraulic 
Press,)  ^o  circular  disks  of  wood  are  joined  by  a  folding  leather,  in  such  a  manner  as  to 
form  a  sort  of  cylindrical  bellows.  A  tall  narrow  tube,  fixed  in  an  upright  position,  oommtmi- 
cates  with  the  interior  through  the  lower  disk.  On  pouring  water  into  the  narrow  tube,  it  up- 
heaves the  upper  disk  which  may  be  heavily  loaded.  If  we  compare  this  arrangement  with 
that  described  imder  Pressure  through  Liquids,  the  pressure  on  the  Uttle  piston.is  here  replaced 
by  the  weight  of  the  water  itself  in  the  long  tube.  Precisely  the  same  ratio  exists  between  the 
sectional  areas  or  sorfaoes  of  the  narrow  and  wide  tube  as  exists  between  the  weight  on  each. 
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Now,  the  weight  acting  down  the  narrow  tube  id  the  weight  of  the  water  therein,  which  is  pro* 
portional  to  the  height  of  this  ooliinm. 

HYDRUS.  (The  Water^nake.)  One  of  Bayer's  southern  oonstellations.  It  forms  the  prO' 
longation  of  the  stream  of  stars  constituting  the  windings  of  the  constellation  Eridanns.  Half 
of  the  greater  Bfagellanic  Clond  falls  within  this  const^ation. 

HYGROBIETEB.  {uypot,  moist,  and  fUrpov,  measure.)  An  instmment  for  determining 
the  amoimt  of  moistore  in  the  air  is  called  a  hygrometer.  There  are  two  chief  classes  of  hygro- 
meters, those  depending  on  absorption^  and  those  depending  on  condensation. 

Substances  which  absorb  and  part  with  moisture  readily  are  subject  to  corresponding  changes 
of  form,  not  obvious  to  the  eye,  but  appreciable  in  other  ways.  Owing  to  such  changes  of  form 
these  substances  may  be  used  to  indicate  the  amount  of  moisture  in  the  air.  In  Saussure*s  hair* 
hygrometer,  the  shortening  of  hair  when  moistened  is  made  the  means  of  measuring  the  mois- 
ture of  the  air.  In  Adie's  ooMervatory  hygrometer,  two  pieces  of  wood,  of  different  hygrometric 
qualities,  are  glued  together.  When  the  air  is  moist,  one  of  these  becomes  longer  than  the 
other ;  when  the  air  is  dry,  the  former  piece  becomes  the  shorter.  Thus  the  compotmd  piece 
curves  one  way  when  the  air  is  dry,  the  opposite  way  when  the  air  is  moist. 

But  hygrometers  constructed  on  the  principle  of  absorption,  though  useful  for  the  sick  room, 
hot-house,  &c.,  are  of  little  scientific  value. 

In  hygrometers,  constructed  on  the  principle  of  condensation,  the  object  is  to  determine  the 
dev>-j)oifU  (q.v.),  or  the  temperature  at  which  the  amount  of  moisture  actually  present  in  the  air 
would  suffice  for  saturation.  In  Daniell's  and  Begnault*s  hygrometers  (the  same  in  principle) 
this  is  done  by  direct  experiment.  Daniell's  consists  of  a  glass  tube  bent  at  right  angles  at  two 
points,  the  middle  branch  horizontal  and  uppermost,  the  two  end  branches  vertical  and  unequal, 
with  a  bulb  at  the  extremity  of  each.  The  bulb  at  the  end  of  the  longer  branch  is  partly  filled 
with  ether,  in  which  is  placed  the  bulb  of  a  delicate  thermometer.  The  other  bulb  is  covered 
with  muslin.  When  an  observation  is  to  be  made,  the  muslin  is  wetted  with  a  few  drops  of 
ether,  evu^ration  follows,  and  the  vapour  of  ether  within  the  bulb  condenses.  The  pressure 
on  the  ether  being  thus  diminished,  it  evaporates  freely,  and  its  temperature  is  thus  reduced, 
reaching  at  length  the  dew-point,  when  a  ring  of  dew  begins  to  be  formed  outside  the  bulb.  The 
reading  of  the  thermometer  wit]]dn  the  tube  shows  at  this  moment  the  dew-point.  In  Begnault's 
hygrometer,  air  is  drawn  through  a  glass  tube  containing  ether,  and  placed  within  a  very  thin, 
thmible-shaped  silver  envelope.  The  ether  is  thus  caused  to  evaporate,  and  the  deposition  of 
dew  on  the  polished  silver  surface  is  easily  recognised.  A  thermometer  immersed  in  the  ether 
Is  then  noted,  as  in  the  case  of  Daniell's  hygrometer. 

A  hygrometer  in  more  general  use,  as  cheaper,  than  either  Daniell's  hygrometer,  or  Begnault's 
improv^  form,  is  the  dry-and-vfet-bvlb  ^lermomeCer,  or  ptychrometer.  In  this  instrument  two 
perfectly  similar  thermometers  are  placed  side  by  side.  The  bulb  of  one  is  covered  with  a 
piece  of  thin  muslin,  to  which  a  few  threads  of  daming-ootton  lead  moisture  by  capillaiT  attrac- 
tion from  a  small  vessel  close  by.  When  the  air  is  d^  the  moisture  evaporates  quickly  from 
the  muslin,  the  temperature  is  mach  reduced,  and  the  wet-bulb  thermometer  falls  considerably 
below  the  other.  When  the  air  is  moist,  evaporation  proceeds  slowly,  and  the  difference  between 
the  two  thermometers  is  thus  diminished.  Knowing  the  temperature  of  the  air  and  the  tem- 
perature of  evaporation,  we  can  deduce  the  dew-pcint,  the  daiie  force  of  vapour,  and  the  rela- 
iive  hvmidUif,  The  formula  of  reduction,  and  tables  for  assiHting  the  process,  are  given  in  trea- 
tises on  meteorology. 

HYPONITROQS  ACID.    Bee  Nitrogen. 

HYFOSyLPHITE  OF  SODIUM.  A  salt  of  hyposulphurous  add  (see  Sulphur)  of  con- 
siderable importance  in  the  arts  and  manufactures.  Formula^  Na,S,0g.5  H^O.  It  forms  laige 
crystals  of  specific  gravity  1*67,  which  dissolve  easily  in  water,  but  the  solution  gradually  decom- 
poses with  absorption  of  oxygen.  Acids  decompose  it  with  separation  of  sulphurous  add  and 
sulphur,  and  chlorine  has  a  similar  action,  converting  it  into  sulphate  of  soda.  Owing  to  this 
property,  it  is  extensively  used  by  paper-makers  and  Ueadiers  under  the  name  of  antichlore. 
This  salt  is  also  largely  used  in  photography,  owing  to  its  property  of  dissolving  chloride^ 
bromide,  and  iodide  of  nlver. 


ICE  CALORIMETER.    See  Calormetry. 

ICELAND  SPAR ;  or,  Cal^par.  A  form  of  carbonate  of  lime  wliioh  ii  fomnd  in  beauti- 
fully crystallised  masses.  It  possesses  in  a  very  high  degree  the  property  of  double  refraction. 
(See  CrystaU,  VouUe  BefracHon  of;  PoUuinUum  of  Light ;  Pdantation  by  DouhU  Brfractwn.) 

IGNIS  FATUXJS.  (Foolish  fire.)   A  luminous  appearance  seen  over  marshy  plaoes,  stagnaufi 
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water,  and  sometimee  in  chnrchyardi.  Its  nature  has  never  been  explained.  Some  hare  attri- 
buted it  to  an  issue  of  marsh  gas  (light  carburetted  hydrogen),  which  has  been  aoddentaJly 
Ignited.    It  seems  more  reasonable  to  oonclude  that  it  is  due  to  some  form  of  phoqihoreeoenoe. 

IGNITION.  {Ignii,  fire  ;  igneaco,  to  become  fire.)  Hie  state  of  beooming  luminous  by  the 
application  of  heat.  When  this  effect  is  attended  with  oxidation,  the  tenn  combwUtm  is  em- 
ploved.  The  term  $potUaneoua  is  usually  prefixed  when  the  ignition  is  a  consequence  of  dow 
and  gradual  accumulation  of  heat  from  oxidation.  Thus  a  mixture  of  oxygen  and  hydrogen 
gases  is  said  to  cause  the  spontaneous  ignition  of  spongy  platinum,  which  then  causes  the  oom- 
bustion  of  the  mixture.  Cotton  waste  soaked  m  oil  is  frequently  sabject  to  spontaneous 
ignition. 

ILLUMINATING  LENS.  A  laige  convex  lens,  as  it  oonoeDtratee  the  light  of  the  sun  or 
a  lamp  at  the  focus,  is  sometimes  called  an  illuminating  lens.  (See  Lent;  Burning  Lent;  or 
Convtx  LenM.) 

ILLUMINATING  POWER  OF  GAS  FLAMES.  Professor  B.  SiDlman  (Am.  Jour,  of 
Science,  Feb.  1870)  has  examined,  in  a  lengthy  series  of  experiments,  the  relation  between  the 
intensity  of  light  produced  from  the  combustion  of  coal  gas  and  the  volume  of  gas  consumed. 
HLb  experiments  prove,  inter  alia,  the  theorem,  that  the  illuminating  power  of  gas  flames  iz^ 
creases  within  the  ordinary  limits  of  consumption  as  the  square  of  the  volume  of  the  gas  con- 
sumed. The  point  of  dii^  interest  for  the  consumer  of  gas  to  be  deduced  from  the  dSfca  here 
presented  is,  tiiat  where  it  is  important  to  obtain  a  maximnm  of  economical  effect  from  the  con- 
sumption of  a  given  volume  of  illuminating  gas,  this  result  is  best  obtained  by  the  use  of  burners 
of  ample  flow. 

IMAGES,  ELECTRIC.  A  term  applied  by  Sir  William  Thomson  in  conneetion  with  the 
mathematical  theory  of  electric  distribution  to  certain  imaginary  electrical  points  or  group  of 
points.  He  shows  that  the  effect  by  induction  of  an  electrified  body  upon  an  insulated  oon<hict- 
ing  sphere,  is  represented  by  the  **  misge  of  the  body  in  the  sphere ;  and  that  when  an  elec- 
trified body  is  brought  near  to  a  pair  of  insulated  conducting  spheres,  the  effect  of  it  upon  them, 
and  of  them  upon  each  other,  is  represented  by  the  series  of  "  successive  images  "  fonned  by  it 
in  them.  For  information  on  this  subject  see  the  original  papers  of  Thomson,  Cambridge  and 
DvhUn  Mat.  Jour.,  1849  ;  Liouville*s  Joumal  d$  Mathemaiigwa,  1845  ;  and  Thomson  and  Tait's 
Natural  PkOoeophy,  voL  i.,  §§  512-518. 

IMAGES,  ELEOTROGRAPHIC.  A  name  given  to  certain  figures  diaooyered  bv  Rieaa. 
They  are  produced  on  a  plate  of  glass  by  putting  it  between  two  points  connected  with  the  poles 
of  a  battory.  The  glass  is  observed  to  become  disintegrated  in  lines  which  proceed  from  the 
points.    The  same  is  found  to  be  the  case  with  regard  to  mica  and  some  other  substances. 

IMAGES  FORMED  BY  MIRRORS.    See  Mirron;  Imaget,  Virtual,  Real. 

IMAGES,  VIRTUAL,  REAL,  (/mo^,  an  image;  from  tmttor,  to  imitate.)  A  virtual  image 
is  one  which  is  not  formed  by  the  actual  union  of  rays  in  a  focus,  and  cannot  be  received  upon 
a  screen ;  a  real  or  positive  image  is  one  formed  in  the  focus  of  a  mirror  or  lens,  and  can  be  re- 
ceived on  a  screen.  An  image  seen  in  a  looking-glass  or  in  a  convex  mirror  is  a  virtual  image, 
whilst  the  image  fonned  in  the  focus  of  a  concave  mirror  or  a  convex  lens  is  a  real  image.  (See 
Mirron;  Lens;  Pocut.) 

IMMERSION.  (From  immergo,  to  "j^jo^  under.)  The  disappearance  of  any  celestial 
body,  whetiier  in  eclipse  or  ocoultation.  The  term  is  commonly  limited  to  the  occultations  of 
Jupiter's  satellites,  and  of  stars  by  the  moon. 

'  IMPACT.  {Impactus,  part,  of  tmptn^o,  to  strike  against.)  In  mechanics,  the  shock  of  two 
bodies  that  come  together,  one  or  both  of  which  are  in  motion,  or  the  simple  actioiL  of  one  body 
upon  another,  by  which  the  motion  of  the  latter  is  produced  or  altered.  It  is  a  matter  of  ob- 
servation that  when  one  body  impinges  directly  on  another,  the  velocity  of  the  first  is  dimioiBhed, 
and  that  of  the  latter  increased,  by  the  impact ;  the  first  will  have  lost  momentum,  and  the 
second  will  have  gained  momentum.  Now  momenta  lost  and  gained  are  what  are  termed 
in  Newton's  Third  Law  (see  Lawt  of  Motion)  action  and  reaction,  and  these  he  ascertained  by 
numerous  experiments  to  be  equal  Hence  the  momentum  lost  during  impact  by  one  body  is 
equal  to  that  gained  by  the  other.  The  nature  of  the  action  during  impact  may  be  thus  de- 
scribed. When  the  first  body  A  overtakes  the  second  B,  both  will  be  compressed  so  long  as  A 
moves  faster  than  B,  and  the  compression  will  cease  when  the  velocities  are  rendered  equal;  if 
the  action  stops  here  the  bodies  are  said  to  be  inelastic.  In  this  ease  the  Telocity  after  impact 
will  be  found  by  dividing  the  sum  of  the  momenta  before  impact  by  the  sum  of  the  roassow  of 
the  bodies.  Generally,  however,  another  force  comes  into  play  when  the  velodtieB  are  equal, 
and  the  bodies  begin  at  that  instant  to  recover  their  figure,  and  to  exert  one  upon  the  other  a 
pressure  which  lasts  until  impact  ceases.  Thus  A  not  only  loses  momentum  during  compression, 
but  also  during  expansion.    Now  it  is  found  by  experiment  that  the  momentum  lost  by  A  and 
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gained  by  B  dtiijng  oomprenion  bean  to  the  momentum  lost  by  A  and  gained  by  B  dmrmg  ex- 
pansion a  ratio,  wl^ch  is  constant  for  the  same  materials.  This  ratio  is  termed  the  modulus  of 
elasticity.  A  body  is  inelastic  when  the  modulus  is  o ;  it  is  perfectly  elastic  whesn.  the  modulus 
la  I,  and  imperfectly  elastic  when  the  modulus  lies  between  o  and  i.    (See  Elattieity). 

IMPENETRABILITY.  {ImpenetrabiliUu,  from  t»,  not,  and  penOrabUis,  penetrable.)  A 
property  of  matter  by  which  only  one  body  can  at  any  instant  occupy  a  certain  space.  It  is 
one  of  the  esBential  properties  of  matter,  and  it  needs  no  demonstration,  as  it  is  inoonoeivable 
tiiat  two  different  bodies  should  simultaneously  occupy  the  same  spaca  Gases  of  apparent 
penetration  are  due  to  compromion  or  to  displacement,  produced  in  each  inatanoe  under  well- 
defined  laws.    (See  CompreuibUiby;   IkntUy;  Specific  Oranty.) 

IMPERIAL  GBEEN.    See  Acetate$;  AeOo-AnmUe  of  Copper. 

IMPETUS.  {Impetutj  from  in,  and  peto,  to  urge,  to  rush.)  A  tenn  synonymous  with 
momentum,  the  force  of  a  moving  body.  The  term  has  a  special  application  in  gunneiy,  mean- 
ing the  altitude  through  which  a  heavy  body  must  fall  to  acquire  a  velocity  equal  to  iiuA  with 
which  the  ball  is  discharged.    (See  Momentvm,) 

IMPONDERABLE.  {In,  and,  pa/uiut,  we4;ht,  from  pendo,  I  weigh.)  Not  having  sensible 
weight.  In  the  eariy  theories  of  physical  science,  light,  heat>  electricity,  and  magnetism  were 
Tegmad  as  substances^  and  as  liiey  are  without  perceptible  weight  they  were  termed  the 
imponderables. 

IMPULSE.  (Impubtte,  driven,  from  impdlo,  to  drive.)  The  single  or  momentary  force 
with  which  a  body  is  impelled  by  another  body  striking  it.  The  strictly  mathematical  dennitioii 
of  an  impulse  is  uie  limit  of  a  force  which  is  mfinitely  great,  but  acts  only  during  an  infinitely- 
short  time.  There  are,  of  course,  no  forces  in  natiue  exactly  fuliilling  the  conditions  of  this 
definition,  but  there  are  forces  which  are  veiy  great  and  act  only  during  a  very  short  time,  as^ 
for  example,  the  blow  of  a  hammer.  Such  forces  are  treated  as  impulses^  they  are  measured  by 
the  whole  momentum  generated  by  the  impulse. 

INGIDENGB,  ANGLE  OF.  {In,  upon,  and  eado,  to  fall.)  The  angle  of  inddenoe  is  the 
angle  which  a  ray  of  light  falling  on  a  surface,  forms  with  the  perpendicular  to  that  surface,  or  to 
its  tanfpent  if  curved.  The  angle  of  incidence  and  the  angle  of  reflection  are  always  equaL  (See 
S^eetwn,) 

INCLINATION  COMPASS.    See  Dipping  Needle. 

INCLINATION,  MAGNETIC.    Another  name  for  Magnetic  Dip.    (See  Dip.) 

INCLINATION  OF  AN  ORBIT.  The  angle  at  which  the  plane  of  an  orbit  is  inclined  to 
theediptio. 

INCLINED  PLANE.  One  of  the  simple  machines.  It  consists  of  a  plane  surface  inclined 
to  the  horizon  at  an  angle  less  than  90^  When  a  body  is  placed  on  a  plane  the  resistanoe  of 
the  plane  is  exerted  at  right  angles  to  the  plane.  Consequently  this  resistance  alone  cannot 
support  the  weight  unless  the  plane  be  horizontaL  A  body  at  rest  on  an  inclined  plane  must 
be  acted  on  by  at  least  three  forces,  the  weight,  the  pressure  of  the  plane,  and  a  third  force. 
If  the  plane  be  rough  this  third  force  may  be  the  friction  between  the  surfaces ;  if  the  plane  be 
smooth  it  must  be  an  external  force.  In  this  case  the  force  in  the  direction  of  the  plane  which 
will  support  the  body  is  found  by  multiplying  the  weight  by  the  rise  of  the  plane  in  a  given 
lenflth  uid  dividing  by  the  length.  For  example,  if  ue  rise  be  3  feet  in  100  feet  the  weight 
will  be  supported  1^  a  power  equal  to  f%^  of  the  weight.  This  quantity  may  be  termed  the 
pressure  exerted  down  the  plane  by  the  weight.  In  order  that  the  body  may  move  up  the 
plane  the  power  must  exceed  the  pressure  down  the  plane.  If  the  plane  be  rough  the  power 
must  exceed  the  sum  of  this  pressure  and  the  force  of  friction. 

INCLINOMETER.    Another  name  for  the  Dipping  Needle,  which  see. 

INDEX  OF  REFRACTION.    See  Refraction,  Index  of. 

INDIA  RUBBER.    Bee  Camtk^tme. 

INDIGO.  {urdtKow,  deep  blue.)  An  organic  colouring  matter,  obtained  from  the  leaves  of 
various  species  of  indigof era ;  its  lustre  is  dark  coppery  red,  semi*metallic  when  in  mass,  and  deep 
blue  in  powder.  It  sublimes  at  about  290°  C.  (554  F.)  in  dark  purple  vapours,  condensing  in 
aix-sided  prisms.  When  in  oontact  with  a  solution  of  alkali  and  a  reducing  agent  it  is  converted 
into  indigo  white,  which  dissolves  in  the  alkalL  White  doth  dipped  into  uiis  solution  and  Uien 
exposed  to  the  air  becomes  dyed  with  indigo  blue  by  absorption  of  atmospheric  oxygen  and 
carbonic  add.    The  formula  of  indigo  blue  is  CgHgNO,  and  that  of  indigo  white  CiJii^ fi^ 

INDICES  OF  REFRACTION  OF  OPAQUE  BODIEa  See  Opaqmc  Bodice,  Indiou  of 
JUfmctMn  <if, 

INDIUM.  A  rare  metallic  element  discovered  by  Rdch  and  Riditer  by  means  of  spectrum 
analysis  in  some  zinc  ores.  Its  spectrum  exhibits  two  indiso  coloured  lines  in  the  more 
xefinmgible  part  of  the  spectrum.    It  is  a  very  soft  lead-coloured  metal,  easily  beaten  out  into 
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leayes,  and  tolerably  permfuient  in  the  air ;  it  much  resembleB  lead  in  its  phydcal  propertiei. 
The  compotinda  of  indium  impart  a  violet  tint  to  flame. 

INDUCED  CURRENT.    See  Current,  Induced, 

'INDUCTION  COIL ;  or,  Ruhmkorf^^  CoUf  as  it  is  veiy  generally  called,  is  an  apparatus 
for  producing  currents  by  induction,  (see  Induction,  Electro-Dynamic;  Current,  Indvied),  and 
utilising  them.  It  consists  essentially  of  two  coils  wound  on  to  a  hollow  cylinder,  within  which 
is  a  core^  as  it  is  called,  formed  of  a  bar  of  soft  iron  or  a  bundle  of  soft  iron  wires.  One  of  the 
coils,  called  the  Primary  Coil^  is  connected  with  the  battery  by  means  of  an  arrangement  for 
making  and  breaking  connection  with  it,  so  as  to  produce  temporary  currents ;  the  other,  the 
Secondary  Coil,  is  wound  round  the  first,  and  in  it  is  generated  a  current  by  induction  every 
time  the  current  begins  or  stops  in  the  primary  coiL  (See  Current,  Induced.)  .  The  currents 
produced  by  induction  possess  high  power  of  overcoming  resistance  as  well  as  great  quantity, 
and  hence  very  intense  effects,  diemical,  and  physiological,  and  luminous,  are  obtainable  from 
them.  The  details  of  the  construction  of  Ruhmkorff's  coil  are  as  follows  : — The  primary  or 
inducing  wire  is  thick,  and  only  a  few  yards  long,  in  order  that  the  current  may  not  be 
much  weakened  by  resistance.  It  is  coiled  on  a  cylSider  made  of  cardboard,  and  besides,  being 
covered  as  usual  with  silk  for  insulation,  is  insulated  by  being  enclosed  in  a  glass  cylinder,  or 
covered  with  a  coating  of  shell-lac  or  g^tta-percha.  The  Becondary  coil  is  wound  round  the 
primary  coil.  It  is  made  of  the  very  finest  wire,  and  is  frequently  many  miles  long.  It  is  very 
carefully  insulated  at  all  parts,  being  covered  with  silk,  and  each  layer  of  wire,  to  insulate  it  from 
those  within  and  without  it,  is  served  with  a  coating  of  melted  shell-lac  or  gutta-percha.  This 
perfect  insulation  is  a  matter  of  the  greatest  importance.  Within  the  cylinder  of  cardboard  is 
placed  the  core,  a  bundle  of  soft  iron  xdres  having  the  ends  projecting  slightly  beyond  the  extremity 
of  the  cylinder.  The  current^eak  is  connected  with  one  of  these  extremities ;  it  consists  of  a 
small  soft  iron  hammer  which  is  generally  kept  pressed  down  upon  the  anvil,  a  second  piece  of  soft 
iron,  by  means  of  a  spring ;  when  in  this  position  the  current,  which  is  to  flow  from  the  battery 
into  the  primary  coil,  passes  along  the  hanuner,  down  through  the  anvil,  and  so  proceeds  on  its 
course ;  but  the  moment  it  enters  the  primary  coil,  it  magnetises  the  bundle  of  soft  iron  wires, 
and  the  extremity  of  these,  which  projects  beyond  the  cardboard  cylinder,  thereupon  attracts 
the  hammer,  raises  it  from  the  anvil,  and  thus  stops  the  current.  The  current  being  stopped, 
the  iron  core  at  once  loses  its  magnetism,  and  the  hammer  falls  under  the  influence  of  the 
spring,  reopens  the  way  i<tt  the  current  from  the  battery,  and  so  the  action  goes  on  ;  the 
hammer  oscillating  with  great  rapidity  while  the  coil  is  at  work.  Each  time  the  battery  con- 
nection  is  made  or  broken,  a  powerful  current  is  obtained  in  the  secondary  wire,  which  mani- 
fests itself  in  sparks  or  some  other  form  of  discharge  between  the  extremities  of  it.  These,  on 
coming  out  of  the  coil,  are  brought  to  binding  screws,  insulated  on  glass  pillars,  and  thence,  by 
proper  oonnections,  to  any  required  place. 

A  eommuUxtor  or  haUery  hey  is  attached  to  the  apparatus,  so  that  the  current  from  the 
battery  may  be  sent  into  the  primary  coil  in  either  direction,  or  cut  off  altogether. 

M.  Fizeau  very  much  increased  the  power  of  the  induction  coil  by  adding  to  it  a  cumdenur. 
This  consists  of  two  very  large  surfaces  of  tinfoil,  insulated  from  eadi  other  by  oiled  silk,  and 
the  tinfoil  and  oiled  silk  rolled  up  for  convenience  of  form.  One  of  the  tinfoils  is  attached  to 
the  wire  from  the  battery  before  it  enters  the  primary  coil,  the  other  after  it  emerges  from  it. 
The  object  of  it  is  to  condense  the  eaAra  cuirent,  which  occurs  on  breaking  the  battery  connec- 
tion, and  diminishes  the  suddenness  with  whidi  the  current  in  the  primary  coil  ceases ;  the 
induced  current  is  thus  made  shorter,  and  more  intense. 

The  effects  of  the  induction  coil  are  very  remarkable.  Using  a  battery  of  three  or  four 
Bunsen's  elements,  it  is  necessary  to  be  very  careful  not  to  allow  the  discharge  to  pass  through 
the  body.  Small  animals  may  be  easily  killed  with  two  cells,  and  a  larger  mmiber  would  be 
dangerous  to  a  man.  The  spark,  when  taken  between  two  points,  may  readily  be  made  to  pass 
through  a  glass  plate,  a  quarter  of  an  inch  thick  or  more.  Large  Leyden  jars  or  batteries  may 
be  charged  almost  instantaneously.  It  1b  easy  also  to  melt  fine  wires  by  connectrog  the 
extremities  of  the  secondary  wire  by  means  of  them,  and  jsreat  heat  and  light  may  be  obteined 
by  passing  sparks  between  two  charcoal  points  at  a  small  distance  from  each  other. 

The  largest  coil  that  has  ever  been  constructed  was  made  for  the  Royal  Polytechnic  Institu- 
tion, under  the  direction  of  Mr.  J.  H.  Pepper.  The  primary  wire  is  3770  yards  long,  and 
makes  6000  revolutions  round  the  soft  iron  core,  being  arranged  in  3,  6,  and  12  strands.  The 
total  resistance  of  it  is  2 '2  B.A.  units.  The  secondary  wire  is  150  miles  long,  is  covered  with 
silk  throughout,  and  has  a  resistance  of  33,560,  B.A.  units.  An  account  of  experiments  with 
it  by  Mr.  J.  H.  Pepper  will  be  found  in  the  Proceedings  of  the  Royal  Society  for  June 
1869. 

INDUCTION,  ELECTRO-DYNAMIC ;  or,  Current  Induction.     The  action  according  to 
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which  the  production  or  stoppage  of  an  electric  current  in  a  wire  produces  a  momentary  current 
or  electric  pulsation  in  a  second  wire  adjacent  to  the  first.    (See  Current,  Induced.) 

INDUCTION,  ELECTROSTATIC.  A  tenn  employed  to  designate  a  mode  of  action  of 
electricity  on  which  a  vast  number  of,  indeed,  we  may  say  all,  electrostatic  phenomena  most 
closely  depend.  It  is,  in  fact,  only  on  account  of  induction  that  we  can  observe  electricity  at 
all ;  every  manifestation,  whether  of  attraction  and  repulsion,  of  charge  and  discharge,  or 
whatever  it  may  be,  is  preceded  by  and  dependent  on  electric  induction.  The  subject  is,  there- 
fore, of  the  highest  importance,  and  we  refer  our  readers  for  fuller  details  than  our  limits  in  thia 
work  permit,  to  the  papers  of  Faraday  in  his  Experimental  Researches,  1837,  et  aeq. 

The  electric  force  is  essentially  polar.  Whatever  be  the  explanation  of  its  existence,  whether 
it  depends  upon  two  iluids  or  one  fluid,  or  whether  it  be  only  an  affection  of  matter,  we  know  of 
two  distinct  modes  of  the  force,  and  hence  come  our  ordinary  conventional  phrases,  "  positive 
electricity  "  and  "  negative  electricity."  Now,  in  no  case  is  the  one  kind  of  force  found  without 
the  other.  If,  under  any  circimistanceSj  the  positive  force  be  exhibited,  an  equivalent  negative 
force  is  called  into  action. 

To  show  the  inductive  action,  let  an  insulated  and  positively  charged  conductor  be  brought 
into  the  vicinity  of  another  conductor,  likewise  insulated  but  uncharged.  If  the  latter  be  fur- 
nished with  pith-ball  indicators  at  each  end  they  will  be  seen  to  diverge  more  uid  more  as  the 
charged  body  approaches  ;  and  on  examining  the  ends  it  will  be  found  that  the  side  of  it  nearest 
to  the  charged  body  is  negatively,  and  the  remote  side  positively  electrified  ;  if  the  charged  con- 
ductor be  either  removed  or  discharged  the  disturbance  ceases,  and  the  original  neutral  condi- 
tion of  the  other  is  restored.  Thus  it  appears  that  an  uncharged  conductor,  under  the  influence 
of  an  electrified  body,  assumes  an  excited  state,  one  side  of  it  being  electrified  similarly,  the 
other  oppositely,  to  the  charged  body.  This  propagation  of  electric  force  across  a  non-conduct- 
ing medium  is  called  induction. 

Let  a  number  of  uncharged  insulated  conductors  be  placed  in  a  row,  and  let  a  charged  body, 
which,  for  definiteness,  we  shall  suppose  to  be  positively  electrified,  be  brought  near  to  one  end 
of  the  row.  Then  the  first  becomes  excited  in  the  manner  already  described,  the  side  near  to 
the  influencing  body  being  negative,  the  opposite  side  positive.  The  positive  electricity  at  the 
end  of  the  first  of  the  row  acts  by  induction  on  the  next,  and  makes  the  near  end  negative,  the 
remote  end  positive.  The  action  is  propagated  still  further,  and,  finally,  the  last  of  the  row  is 
affected,  the  side  nearest  the  last  but  one  is  electrified  negatively,  the  remote  side  positively. 
Nor  does  the  action  stop  here,  for  the  positive  electricity,  thus  developed  at  the  remote  end  of 
the  row,  acts  inductively  towards  all  the  surrounding  objects — it  may  be  the  floor,  walls,  and 
celling  of  an  enclosing  diamber,  or  it  may  be  the  surface  of  the  earth,  the  trees,  the  clouds, 
perhaps  even  towards  the  remotest  stars,  where  no  conductors  intervene.  Faraday,  the  great 
investigator  upon  this  subject  and  the  propoimder  of  the  modem  theory  of  induction,  by  a  long 
series  of  experiments,  detailed  in  his  Experimental  Researches  (Royal  Society  Trans.  1837-8), 
comes  to  the  conclusion  that  matter  can  in  no  case  receive  an  independent  charge.  If  force  of 
one  kind  be  developed,  an  equivalent  amount  of  the  other  kind  of  force  is  at  the  same  time 
put  in  action. 

Bo  much  for  the  generality  of  the  action.  The  law  of  inductive  action  on  a  conductor  is  this, 
that  the  side  nearest  to  the  influencing  body  is  electrified  oppositely  to  it ;  the  side  remote  from 
it  is  similarly  electrified.  Hence  it  follows  that  if  a  conductor,  whQe  under  the  influence  of  the 
charged  body,  be  touched,  or  put  in  connection  with  the  ground,  the  opposite  kind  of  electricity 
to  that  of  the  charged  body  will  flow  to  the  earth,  for  the  earth  and  the  touched  body  are,  for 
the  time,  made  one  and  the  same  body  ;  and,  if  now  the  connection  be  again  broken,  the  body 
which  was  formerly  uncharged  is  found  to  possess  a  permanent  charge  of  the  kind  of  electricity 
opposite  to  the  influencing  body. 

The  electricity  thus  developed  is  further  capable  of  re-acting  inductively  upon  the  charge  in 
the  first  body,  drawing  towards  itself  the  electricity  on  it,  and,  as  it  is  called,  making  it  latent 
or  disiimulated.    This  is  the  principle  of  the  action  of  the  Leyden  jar  and  condenser  (^.r. ) 

The  electricity  induced  by  an  electrified  body  on  surrounding  conductors  is  equal  in  amount 
to  that  on  the  inducing  body.  To  show  this,  Faraday  performed  the  following  experiment : — 
He  took  an  ice  pail,  insulated  it,  and  connected  it  to  a  gold  leaf  electroscope  ;  and,  having 
charged  an  insulated  ball,  he  lowered  it  into  the  ice  paiL  As  the  ball  was  lowered,  electricity 
was  driven  to  the  outside,  according  to  the  principles  we  have  laid  down,  and  thence,  of  course, 
to  the  gold  leaves  which  diverged.  The  divergence  increased  as  the  ball  went  lower  for  some 
time,  in  fact,  till  the  ball  had  become  practically  covered  by  the  ice  pail,  when  it  ceased  to  do 
so.  Finally,  the  ball  was  lowered  till  it  touched  the  bottom,  and  it  was  found  that  the  diver- 
gence of  the  leaves  did  not  in  the  slightest  degree  increase  on  contact  taking  place.  The  baU, 
when  drawn  up  without  touching  the  sides,  proved  to  be  completely  discharged. 
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To  Faraday  our  present  theory  of  induction  is  due.  It  was  formerly  considered  that  the  in- 
ductive action  is  altogether  independent  of  the  medium  across  which  it  takes  place :  induction 
was  said  to  be  the  action  of  electricity  at  a  distance ;  and  the  office  of  the  insulator  between 
the  two  conductors  was  held  to  be  simply  that  of  acting  as  a  barrier  across  which  the  opposite 
electricities  could  not  pass  to  neutralise  each  other.  Hence  induction  was  always  spoken  of  as 
acting  in  straight  lines,  an  assumption  which  Faraday  proved  experimentally  to  be  false.  Fara- 
day put  forward  the  theory,  and  since  the  publication  of  his  Experimental  Itesearches  it  has  come 
to  be  generally  held,  that  induction  takes  place  by  means  of  the  intermediate  particles  of  the 
insulating  medium  or  dielectric,  as  he  calls  it.  The  particles  of  the  dielectric  act  just  as  the  row 
of  insulated  cylinders  which  we  supposed  above.  The  near  side  of  each  becomes  charged  op- 
positely to  the  inducing  body,  the  remote  side  similarly ;  and  thus  the  excitement  is  propagated 
from  particle  to  partide  to  any  distance  whatsoever.  Now,  the  medium  being  so  intimately 
concerned  in  this  action,  we  might  expect  to  find  differences  with  respect  to  it  in  different  media  : 
so  Faraday  argued,  and  from  this  consideration  arose  his  great  discovery  of  9pec{/ic  induetiw 
capacity.  For  in  some  media  the  polarisation*  takes  place  with  greater  completeness  than  in 
others ;  and  thus  the  electric  force  displays  itself  with  greater  intensity  across  some  media  than 
across  others.  We  have  given  an  account  of  Faraday^  experiments  on  this  subject,  and  of  his 
results  under  Capacityy  Specific  Inductive.  Again,  the  polarised  condition  is  to  be  considered 
as  a  forced  state,  and  here  again  we  meet  with  great  differences.  For  in  some  media  the 
arrangement  is  such  as  to  allow  the  molecules  to  sustain  this  forced  or  strained  condition  ;  while 
in  others  poleoisation  readily  takes  place,  but  the  molecules  very  readily  discharge  into  each 
other,  lids  constitutes  the  difference  between  insulaton  and  eonductort.  Conduction  Faraday 
considers  to  be  the  discharging  of  contiguous  particles  one  into  another,  brought  on  by  previous 
inductive  influence. 

For  further  details  and  for  arguments  in  support  of  this  theory  we  can  only  refer  once  more 
to  Faraday's  original  papers. 

INDUCTION,  MAGNETIC.  If  a  mass  of  soft  iron  be  brought  near  to  a  magnet  it  be- 
comes itself  temporarily  possessed  of  all  the  properties  of  a  magnet.  For  instance,  let  a  small 
cylinder  of  soft  iron  be  suspended  by  attraction  from  one  end  of  a  magnet  it  will  be  found  that 
a  second  cylinder  when  put  in  contact  with  the  first  can  suspend  itself  from  it,  and  a  third  and 
fourth  perhaps  in  the  same  way.  The  cylinders  have  thus,  for  the  time  being,  a  power  of 
attracting  similar  to  that  of  the  original  magnet.  The  attractive  power  may  even  be  developed 
in  a  mass  of  soft  iron  without  actual  contact.  Thus,  if  a  bar  of  soft  iron  be  placed  with  one 
end  just  above  a  plate  on  which  a  few  iron  filings  are  strewed,  on  bringing  a  powerful  magnet 
near  to  the  other  end  of  the  bar  the  filings  wiU  rise  up  and  stick  to  the  bar.  In  either  of  these 
cases,  when  the  magnet  is  withdrawn,  the  soft  iron  immediately  returns  to  its  natural  condition 
and  retains  no  trace  of  magnetiBm.  This  action,  by  which  a  magnet  develops  magnetism  in 
the  soft  iron,  is  termed  Magnetic  Induction, 

INDUCTIVB  CAPACITY.    See  Capacity,  Specific  Inductive, 

INDUCTIVE  EMBARRASSMENT.  A  term  applied  to  the  phenomenon  of  retardation 
caused  by  lateral  induction  in  the  transmission  of  telegraphic  signals.  It  Ib  explained  under 
Electricity,  Vdocity  of,  that  an  impulse,  though  momentary  at  starting,  is  prolonged  out  into  a 
gradually  rising  and  falling  wave  at  the  extremity  of  a  long  line.  This  prevents  rapid  trans- 
mission of  messages  through  a  great  length  of  cable,  for  time  must  be  given  for  the  &st  signal 
to  ooze  out  of  the  wire  before  a  second  is  sent ;  hence,  where  it  is  practicable,  lines  are  not  made 
much  more  than  500  miles  or  so  long.    It  is  found  preferable  to  re-send  the  messages. 

Sir  William  Thomson  showed  that  the  retardation  is  directly  proportional  to  the  square  of  the 
length  of  the  line,  and  inversely  proportional  to  the  area  of  cross  section  of  the  conductor,  for  a 
given  proportion  between  the  wire  and  insulator ;  and  calculated  that  the  marimum  speed  at- 
tainable on  a  land  line  2000  miles  long,  of  iron  wire  a  quarter  of  an  inch  in  diameter,  would  be 
twenty  words  per  minute.  His  papers  are  published  in  the  Transactions  of  the  Boyal  Society, 
1855,  1856 ;  Philosophical  Magarine,  1855  ;  British  Association  Beport,  1855  ;  and  in  a  letter 
to  the  Athenaeum,  Nov.  i,  1856. 

INDUCTOMETER.  {fuhpav,  a  measure.)  An  instrument  used  by  Faraday  for  comparing 
the  specific  inductive  capacities  of  various  substances.  It  consisted  of  three  parallel  metallic 
plates,  the  middle  one  of  which  was  charged  with  electricity  and  acted  inductively  towards  the 
others,  which  were  insulated  from  each  other,  and  were  connected  each  with  one  of  the  gold  leaves 
of  an  electroscope  constructed  for  the  purpose.  Plates  of  various  insulating  substances  could  be 
placed  between  the  metallic  plates  and  the  distance  between  the  latter  could  be  altered  at 
pleasure  ;  and  by  comparing  the  distances  when  the  electroscope  indicated  that  the  energy  of 
induction  from  tne  middle  plate  to  each  of  the  others  was  the  same,  the  relative  specific  induc- 
tive capacity  of  the  insulator  was  inferred. 
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INDUS.    (The  Indian.)    One  of  Bayer's  sonthem  constellations,  often  associated  with  the 
Peacock  under  the  title  Indus  et  Pavo. 

INEQUALITY.    (InofquaUs,  uneven.)    A  term  applied  in  astronomy  to  any  variation  in  the 
motion  of  a  body. 

INEQUALITY,  GREAT,  OF  SATURN  AND  JUPITER  A  variation  in  the  motions 
of  these  bodies  caused  by  their  mutual  attraction.  It  was  noticed,  soon  after  the  recognition  of 
the  laws  of  planetaiy  motion,  that  Saturn's  period  was  continualiy  diminishing,  while  Jupiter's 
period  was  continually  increasing,  though  to  a  smaller  extent.  It  was  further  found  that 
Saturn's  period  was  in  excess  of  bis  mean  period,  calculated  according  to  Kepler's  laws,  while 
Jupiter's  period  fell  short  of  its  mean  value.  Accordingly  the  observed  changes  were  such  as 
were  calculated  to  restore  the  periods  of  the  planets  to  their  mean  value.  Near  the  end  of  the 
eighteenth  century  the  periods  of  Jupiter  and  Saturn  had  assumed  their  mean  value,  but  since 
tlubt  time  Jupiter's  period  has  continued  to  increase,  while  Saturn's  has  diminished.  These 
facts  were  for  a  long  time  thought  to  be  opposed  to  the  laws  of  gravity.  But  Laplace  succeeded 
in  detecting  the  origin  of  the  perturbation  in  the  action  of  those  laws,  associated  with  a  peculiar 
relation  which  exists  between  the  motions  of  Jupiter  and  Saturn.  Two  revolutions  of  Saturn 
take  place  in  nearly  the  same  interval  as  five  revolutions  of  Jupiter.  Hence,  supposing  the 
planets  to  be  in  conjunction  at  any  time  they  will  be  nearly  in  conjunction  again  when  Saturn 
has  completed  two  revolutions.  So  that  whatever  perturbations  were  effected  at  and  near  the 
time  of  the  first  conjunction,  will  be  repeated  during  the  second  conjunction,  and  so  on.  Thus 
there  will  be  a  gradual  accumulation  of  similar  disturbances,  so  far  as  this  particular  set  of  con- 
junctions is  concerned ;  and  there  will  result  an  effective  (Jdsturbance  of  the  periods  of  both 
planets,  such  as  could  not  take  place  did  oonjimctions  occur  at  less  regular  intervals.  In  the 
course  of  time,  however,  this  particular  set  of  oonjimctions  shifts  its  place  so  far  that  contrary 
effects  are  developed.  It  is  interesting  to  notice  how  the  mathematical  expressions  for  plane- 
tary perturbation  exhibit  the  effectiveness  of  such  a  relation  of  oommensurability  between  two 
planetary  periods  as  exists  in  the  case  of  Jupiter  and  Saturn.  Galling  the  period  of  Jupiter  J, 
and  that  of  Satmm  S,— then  amongst  the  t^ms  involved  there  is  one  in  which  the  expression 
(5  J — 2  S)  appears  as  a  denominator ;  so  that  5  J  being  nearly  equal  to  2  S,  this  denominator 
is  small,  and  the  term  itself  therefore  large,  indicating  the  relative  largeness  of  the  resulting 
perturbation. 
INEQUALITY,  MOON'S  PARALLACTIC.    See  Luruir  Theory, 

INERTIA  The  passiveness  or  inactivity  of  matter.  This  inertia,  or  perfect  indifference  to 
rest  or  motion  is  a  quality  of  matter  which  stands  foremost  in  all  mechani(»l  inquiries,  and  forms 
one  of  the  chief  distinctions  between  living  bodies  and  lifeless  matter.  The  fint  law  of  motion 
is  simply  an  exposition  of  the  property  of  inertia,  hence  it  is  frequently  termed  the  law  of 
inertia. 
INFERIOR  PLANET.  A  planet  whose  orbit  round  the  sun  lies  within  that  of  the  earth. 
INFLECTION.  (Ir^/Ucto,  in,  sLnd  flecto,  JUacum,  to  bend.)  A  term  used  to  denote  certain 
phenomena  due  to  interference  observed  when  a  ray  of  light  passes  near  to  the  edge  of  an 
opaque  body.     (See  Diffraution,) 

INSOLATION.     (7n,  and  Sal,  the  sun.)    Exposure  to  sunshine. 

INSULATOR  A  body  which  does  not  permit  electricity  to  pass  through  it  or  over  its  sur- 
face. Among  excellent  insulators  are  glass,  wax,  shell-lac,  gutta-percha^  caoutchouc,'  ebonite, 
paraffin.    (See  Ckmductor,  Electric  ;  ConducUon,  Electric.) 

INSULATING  STOOL.  A  kind  of  support  much  used  in  electric  experiments.  It  con- 
sists of  a  flat  piece  of  mahogany  supported  on  three  or  on  four  glass  legs,  preferably  the  former. 
The  glass  legs  ought  to  be  varnished  with  solution  of  shell-lao  in  spirits  of  wine,  in  order  to  im- 
prove their  insulating  powers.  The  insulating  stool  is  used  for  setting  charged  bodies  upon  in 
order  to  prevent  discharge  by  communication  with  the  ground. 

INTENSITY  OF  A  MAGNETIC  FIELD.  The  intensity  of  a  magnetic  field,  at  any 
point,  is  measured  by  the  force  which  a  unit  magnetio  pole  would  experience  at  that  point ; 
that  is,  a  magnetic  pole  which  placed  at  unit  of  distance  from  an  equal  pole  would  exert  unit 
force  of  attraction  or  repulsion.     (See  Unite,  Magnetic.) 

INTENSITY  OF  AN  ELECTRIC  CURRENT.  (From  the  French,  Intensiti.)  Is  not 
nnfrequently  used  in  English  books  for  what  is  properly  called  the  etretiffth  of  the  current ; 
the  intensity  of  a  current  is  proportional  to  the  quantity  of  electricity  that  passes  through  any 
section  of  the  circuit  in  unit  of  time. 

INTENSITY  OF  TWO  LUMINOUS  SOURCES,  COMPARISON  OP.  See  Photo- 
metry, 

INTERFERENCE  OF  LIGHT.  {Inter,  between,  and  ferio,  to  strike.)  If  two  similar 
waves  start  from  the  same  place,  at  the  same  time,  they  increase  each  other'fl  intensity,  and 
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;the  result  is  a  wave  of  double  light ;  but  if  one  wave  is  half  an  undulation  in  advance  of  the 
other,  the  crest  of  one  occupies  the  position  of  the  hollow  of  the  other,  and  the  result  is  a  dead 
level.  If  the  intervals  of  starting  are  less  than  half  a  wave  length,  the  result  is  a  series  of 
smalls  waves,  the  magnitude  of  which  depends  upon  the  distance  which  one  wave  has  in 
advance  of  the  other.  In  the  case  of  waves  on  the  surface  of  water,  this  interference  may 
easily  be  understood,  and  it  has  been  found  that  similar  phenomena  obtain  in  the  case  of  the 
ethereal  vibrations  which  constitute  the  phenomena  of  light.  The  interference  of  the  waves  of 
light  may  be  produced  in  many  ways ;  by  diffraction,  or  by  reflection  from  thin  plates  such  as 
soap  bubbles  ;  from  grooved  surfaces,  such  as  Barton's  buttons ;  or  from  minute  particles  such 
as  atmospheric  mist,  &c.  The  illustration  of  the  production  of  colours  from  thin  platea  will 
serve  as  a  general  explanation  of  interference ;  special  details  being  found  under  the  different 
headings, — Newton* a  Rings;  Newton b  Scale  ^f  Colours:  Grooved  Surfaces,  Colours  of;  ITiin 
plateSj  Colours  of;  Thick  Plates,  Colours  of. 

INTERFERENCE  OF  POLARISED  LIGHT.    See  Polarisation  of  Light ;  Colours  pro- 
duced by  Polarised  Light ;  Coloured  Polarisation, 

INTERFERENCE  OF  SOUND.  Strictly  speaking,  the  expression  "interference"  in 
regard  to  sound,  is  tautological.  According  to  the  idea  embraced  in  the  "second"  law  of 
motion,  a  force  acting  on  a  particle  produces  the  same  or  an  equivalent  effect,  whether  that 
particle  be  acted  on  or  not  by  other  forces.  In  sound,  the  expression  interference  is  limited  to 
the  case  in  which  the  effort  of  one  vibration  to  move  a  particle  in  one  direction  is  partially, 
wholly,  or  more  than  counteracted  by  the  effort  of  a  second  vibration,  to  move  it  in  the  oppo- 
site direction.  The  most  obvious  case  of  interference  is  wheb  two  series  of  waves  are  so  related 
to  one  another,  that  a  given  point  of  the  medium  through  which  thev  are  propagated  is  urged 
by  virtue  of  one  system  of  waves  to  occupy  one  extreme  position,  while  by  the  other  system  it 
IB  urged  to  occupy  a  position  as  far  as  possible  removed  from  the  first.  In  this  sense  the  two 
influences,  or  wave  systems,  "  interfere  "  with  one  another,  and  the  point  remains  at  rest. 
This  effect  is  actually  produced  when  the  phase  difference  between  two  wave  systems  is  half  a 
wave  length.  Then  a  point  of  maximum  condensation,  according  to  the  one  system,  will 
correspond  to  a  point  of  maximum  rarefaction,  according  to  the  other  system  ;  the  point  will 
be  subjected  to  two  equal  and  opposite  influences,  and  w^  accordingly  be  unmoved.  Further, 
if  two  simultaneous  wave  systems  differ  by  a  half  wave  length,  their  simultaneous  efforts  at 
rarefaction  and  condensation  will  neutralise  one  another,  so  that  silence  will  be  produced.  This 
theoretical  truth  can  be  demonstrated  experimentally  by  dividing  a  wave  segment  into  two, 
and  making  one-half  traverse  a  path  a  half  wave  length  longer  than  the  other  half.  Silence 
ensues.  A  tuning  fork  or  other  sonorous  body  is  made  to  sound  before  a  trumpet-shaped  tube. 
The  sound  wave  going  down  the  tube  is  split  upon  a  wedge  and  cast  right  and  left  into  Inranches 
of  the  first  tube.  The  branches  to  the  left  and  right  are  both  U  shaped,  so  that  their  second 
branches  are  reunited  into  a  single  tube.  The  tube  to  the  left  is  fixed  in  length,  that  to  the 
right  can  be  elongated  by  sliding  over  it  the  convex  extremity.  When  this  extremity  is  so 
slided  that  the  total  length  of  the  band  to  the  rigfit  is  half-a-wave  length  longer  or  shorter  than 
that  to  the  left,  no  sound  is  heard  at  the  conmion  extremity  of  the  two,  because  the  phases  of 
the  two  wave  systems  are  so  related,  that  the  maximum  condensation  of  the  one  system  corre- 
sponds to  the  maximum  rarefaction  of  the  other,  and  all  the  intermediate  states  of  condensation 
of  the  one  are  coincident  with  the  corresponding  states  of  rarefaction  of  the  other.  The  author 
of  this  article  has  contrived  an  apparatus  for  showing  the  same  ^ect  by  employing  a  vibrating 
rod  between  the  open,  ends  of  two  tubes  which  .are  joined  together.  When  the  rod  approaches 
one  tube  it  causes  a  condensation  on  that  side,  exactly  equal  to  the  rarefaction  on  the  other,  so 
that,  in  all  positions,  there  is  exactly  a  half -wave  difference  of  vibration  in  the  two  systems  of 
waves. 

If  a  rectangular  rod  gives  rise  to  a  system  of  waves  when  struck,  the  note  is  heard  with 
nearly  equal  distinctness  at  almost  whatever  position  the  ear  may  be  placed  in  regard  to  the 
rod.  But  if  it  be  placed  at  the  comer  of  the  rod  scarcely  any  sound  is  heard,  and  if  such  a 
square  rod  be  turned  round  as  it  is  sounded,  four  regions  of  silence  will  foe  detected  opposite  to 
the  four  comers  of  the  rod.  These  regions  are  lines  which  mark  the  coincidence  of  the  maxi- 
mum  compression  due  to  one  face,  with  the  maximum  rarefaction  due  to  the  other.  The 
absence  of  sound  in  these  lines  can  be  well  shown  by  turning  a  struck  fork  above  a  cylinder 
glass  of  such  capacity  that  it  resounds  to  the  fork's  note.     (See  Resonance.) 

INTERNAL  DISPERSION.     See  Fluorescence. 

INTERNAL  WORK  OF  A  MASS  OF  MATTER.  On  referring  to  the  article  which 
treats  of  the  mechanical  equivalent  of  heat,  it  will  be  seen  that  Mayer  deduced  his  determination 
from  a  calculation  of  the  work  done,  and  the  heat  consumed,  by  a  gas  expanding  under  a  con- 
stant pressure,  dftses. expand  far  more  than  solids  or  liquids  for  a  like  increment  of  heat^  henoe 


INT  807  INT 

when  they  expand  under  conditions  of  external  pressure,  as  in  raising  a  piston  against  the 
atmospheric  resistance,  it  is  quite  obvious  that  they  perform  a  great  amount  of  what  may  be 
called  external  work.  In  fact,  heat  engines  depend  for  their  action  upon  this  performance.  In 
the  case  of  solids  and  liquids,  the  external  work  is  far  less,  because  the  expansion  is  far  less, 
and  by  work  we  mean  weight  raised  through  a  certain  space.  (See  Foot-PowncL)  For  instance, 
if  we  take  a  cube  of  iron  I  decimetre  (3*937  inches)  in  the  side,  and  heat  it  from  the  freezing 
to  the  boiling  point  of  water  (viz.,  from  32°  F.  to  212*  F.,  or  from  0°  C.  to  icx>*  C),  it  will  in- 
crease in  bulk  by  about  4  cubic  centimetres  (that  iB,  by  about  the  bulk  occupied  by  60  grains  of 
water  at  the  freezing  point) ;  and  each  face  of  the  cube  will  be  expanded  twelve-himdreths  of  a 
millimetre.  The  pressure  of  the  atmosphere  on  each  face  will  be  103  kilogrammes,  hence  the 
total  exterior  work  done  will  be  618  kilogrammes  (about  1360  lbs.  I  kilog.  =  15432*34  grains) 
raised  through  six-hundredths  of  a  millimetre,  which  is  less  than  one-tenth  of  a  knogrammetre, 
that  is,  of  the  work  represented  by  the  raising  of  i  kilogramme  through  a  space  of  I  metre 
(3*280899  feet).  The  exterior  work  of  solids  is  therefore  exceedingly  small,  and  bears  no  com- 
parison with  that  of  gases.  The  exterior  work  of  liquids,  which  may  be  calculated  from  their 
coefficients  of  expansion,  the  conditions  of  pressure  being  known,  is  also  extremely  smalL 

But  while  in  gases  the  force  of  cohesion  has  been  entirely  overcome  (see  Eocpansum),  and  in 
liquids  is  but  slight,  this  force  is  considerable  in  the  case  of  solids.  The  attraction  of  the  mole- 
cules of  solids  for  each  other  determines  the  solid  form,  and  if  such  bodies  are  far  from  their 
point  of  fusion,  the  force  of  this  molecular  attraction  is  excessively  great.  Barlow  has  calcu- 
lated that  a  bar  of  wrought  iron  a  square  inch  in  section  requires  a  weight  of  a  ton  to  stretch 
it  TT^tnr  ^^  ^^  length.  In  the  case  of  the  cubic  decimetre  of  iron  mentioned  above  a  force  of 
250,000  kilogrammes  would  be  necessaiy  to  produce  the  lengthening  of  twelve-hundredths  of  a 
millimetre ;  yet  this  is  effected  by  raising  the  same  mass  through  100^  C,  and  the  wrought-iron 
bar  may  be  expanded  through  the  length,  for  which  by  direct  strain  i  ton  is  necessary,  by  heat- 
ing through  9°  C.  (16*2'*  F.)  The  fact  is,  that  in  expanding  bodies,  heat  has  to  overcome  the 
attraction  of  the  molecules,  and  in  so  doing  it  performs  internal  work.  Before  the  molecules 
can  be  separated,  their  cohesion  must  be  combated,  and  as  the  cohesive  force  of  the  molecules  of 
different  substances  varies  in  intensity,  so  does  the  expansion  for  the  same  increment  of  heat 
vary.  (See  Table  given  under  Expannon.)  As  heat  disappears  in  the  performance  of  mechan- 
ical work,  it  follows  that  when  we  heat  a  substance  the  heat  is  distributed  into  three  parts ;  one 
portion  disappears  as  heat,  and  becomes  mechanical  force,  necessaiy  for  overcoming  the  external 
resistance  which  the  substance  undergoes  in  changing  its  dimensions ;  in  fact,  it  performs  the 
external  work.  A  second  portion  of  the  communicated  heat  disappears  as  heat  and  becomes 
mechanical  force  necessary  for  overcoming  the  internal  resistance,  that  is,  the  cohesive  force  of 
the  molecules ;  in  fact,  it  performs  internal  work.  The  rest  of  the  communicated  heat  remainB 
as  tentible  heat,  and  raises  the  temperature  of  the  substances. 

Now  we  know  the  amount  of  heat  which  represents  a  definite  amount  of  mechanical  work, 
and  vice  versa  (see  Mechanical  Equivalent  of  Heat),  and  the  amount  of  heat  which  disappears  in 
the  performance  of  interior  work  can  thus  be  determined.  When  a  pound  of  iron  is  heated 
from  32**  F.  to  212**  F.  it  has  been  calculated  that  the  force  expended  in  interior  work  is  equal 
to  16,000  foot  pounds ;  that  is,  it  could  raise  7*14  tons  to  a  height  of  one  foot>  or  i  lb.  to  a 
height  of  9  miles. 

£1  speaking  of  expansion,  it  has  been  stated  that  certain  crystalline  bodies  contract  in  one 
direction  when  they  are  heated ;  we  know  moreover  that  water  near  the  freezing  point  contracts 
when  heated.  (See  Expan9ion;  Maximum  Deneity  of  Water.)  Water  possesses  the  same  volume 
at  3*5**  C.  that  it  does  at  4*5°  G.,  hence  in  heating  it  from  one  temperature  to  the  other,  it  is 
quite  obvious  that  the  heat  whic^  disappears  as  internal  work  is  not  expended  in  overcoming 
tiie  cohesive  force  of  the  molecules  by  separating  them ;  this  also  applies  to  bismuth  and  to 
certain  crystalline  bodies.  In  these  instances  it  is  probable  that  the  internal  work  consists  in 
an  alteration  of  the  arrangement  of  the  individual  molecules  unaccompanied  by  an  alteration  of 
their  relative  distances,  such  as  a  rotation  of  the  molecules  around  their  axes,  or  some  other 
movement  of  individual  molecules  not  affecting  the  space  occupied  by  a  congeries  of  them. 

In  liquefaction  and  vaporisation  heat  disappears,  and  is  converted  into  interior  work.  (See 
Latent  neat.)  Again,  it  is  obvious  that  as  the  number  of  molecules  in  equal  weights  of  different 
substances  varies  greatly,  and  as  their  cohesive  power  also  varies,  the  consumption  of  heat  in 
internal  work  must  also  vary,  and  hence  the  abtolute  <fuantitie$  of  heat  possessed  by  different 
substances  are  not  indicated  by  their  temperatures.    (See  Specific  Heat.) 

INTRINSIC  LIGHT.  {Intrinteeui,  intra,  within,  and  teeuM,  side.)  Intrinsic  light  is  in 
contradistinction  to  borrowed  light.  Thus  the  sun,  a  candle,  a  Greissler's  tube,  or  a  glow-worm 
shine  by  intrinsic  light ;  but  the  moon  and  most  natural  objects  shine  by  borrowed  or  reflected 
light. 
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INVERSION,  THERMO-ELECTRIC.    See  Thenno-EleetricUy. 

INVERTED  SUGAR.  A  mixtnre  of  dextrose  and  laBVulose  produced  hy  tiie  action  of  acids 
or  heat  upon  cane  sugar.    (See  Sugar.) 

INVERTING  PRISM.    See  Biffht-AnffUd  Prism, 

IODINE.  {loeiihiSf  violet-coloured.)  Alt  element  belonging  to  the  chlorine  group,  discovered 
by  Courtois  in  1812.  Atomic  weight  127,  symbol  L  At  the  ordinary  temperature  it  is  a  solid 
grayish,  black,  metallic-looking  crystalline  mass,  very  soft  and  brittle.  It  volatilises  at  the 
ordinary  temperature,  and  when  heated  to  loy"*  C.  (224*6^  F.)  it  melts ;  and  at  a  temperature 
between  175**  and  180°  C.  (347°-356''  F.)  it  boils,  evolving  a  magnificent  violet-colourod,  very 
dense  vapour.  Iodine  dissolves  lai^y  in  disulphide  of  carbon ;  to  a  less  degree  in  alcohol  and 
ether,  and  also  in  solutions  of  alkaline  iodides,  and  other  salts.  Water  dissolves  it  very  spar- 
ingly. In  its  chemical  properties  iodine  resembles  chlorine,  but  it  possesses  less  intense  affini- 
ties. Its  principal  compound  is  with  hydrogen  (see  Hydriodic  Aeid)t  and  with  the  metals 
(see  their  respective  headings).  It  also  unites  with  nitrogen,  chlorine,  bromine,  oxygen,  and 
various  organic  bodies.     The  most  important  of  these  compounds  are  the  following : — 

Iodide  of  Nitrogen,  This  name  is  given  to  a  substance  the  composition  of  whidi  is  not  satis- 
factorily  ascertained,  and  which  is  probably  a  mixture  of  several  substances,  perhi^  containing 
hydrogen.  It  is  a  brownish-black  powder,  precipitated  by  adding  a  solution  of  iodine  to  am- 
monia^ and  also  formed  by  digesting  iodine  in  strong  ammonia.  It  must  be  dried  in  small  por- 
tions, on  separate  pieces  of  filtering  paper,  by  exposure  to  the  air.  When  dry,  iodide  of  nitrogen 
is  one  of  the  most  explosive  substances  known,  the  slightest  touch  even  with  the  end  of  a 
feather  causing  it  to  explode  with  a  sharp  report,  shattering  to  pieces  the  solid  body  upon  which 
it  rests.  If  cautiously  liberated  from  the  paper,  and  allowed  to  fall  from  the  height  of  a  few 
feet  into  a  basin  of  water,  the  shock  is  sufficient  to  induce  explosion.  Its  explosion  is  attended 
with  the  evolution  of  a  beautiful  violet  vapour  of  iodine.  Many  reagents,  such  as  sulphuretted 
hydrogen  or  sulphurous  add,  decompose  it  slowly. 

The  only  oxygen  compounds  of  iodine  which  need  be  mentioned  are  iodic  and  periodic 
adds. 

Iodic  Acid,  I^Og  in  the  anhydrous  state,  and  HlOg  in  the  hydrated  state.  This  crystalliBes 
from  its  solutions  in  transparent  six-sided  tables.  It  is  very  soluble  in  water,  and  possesses  the 
properties  of  a  strong  add.  It  is  easily  decomposed  by  reducing  agents.  With  bases  it  forms 
salte,  which,  however,  need  not  be  mentioned  further. 

Periodic  acid  (anhydrous  Is07,  hydrated  HIO4)  forms  colourless  deliquescent  crystals,  which 
decompose  easily.    Its  compounds  with  bases  are  well  defined,  but  of  no  particular  interest. 

lODO-QUININE,  SULPHATE  OF.  A  salt  of  which  the  compodtion  ^  somewhat  doubt- 
ful, first  prepared  by  Herapath.  It  forms  large  flat  crystals,  exhibiting  by  reflected  light  an 
emerald-green  metallic  lustre.  By  transmitted  light  they  are  almost  colourless,  being  of  a 
faint  neutral  tint.  These  crystals  possess  the  rare  property  of  allowing  only  one  polarised 
ray  of  light  to  pass,  exerting  an  action  upon  light  in  this  respect  similar  to  a  plate  of  tourmaline, 
or  a  Nicol's  prism.  On  this  account  they  are  largely  used  in  optical  experiments,  and  usually 
go  by  the  name  of  heraj^aihite  or  artificial  tourmaUne,  The  salt  ia  prepia^  by  dissolving  add 
sulphate  of  quinine  in  strong  acetic  acid,  and  gradually  dropping  in  an  alcoholic  solution  of 
iodine.  After  a  few  hours  the  crystals  separate  in  large  plates.  (For  further  particulars  see 
Herapath's  paper  in  Journal  Chem.  Soc.,  xi.  130.) 

lOLITE.    See  IHchroite, 

IONS.  {I6v,  that  which  goes.)  A  term  introduced  by  Faraday  to  designate  the  two  por- 
tions into  which  an  electrolyte  splits  up  imder  the  influence  of  the  dectric  current,  and  which 
go  one  of  them  to  the  podtive  electrode,  or,  as  he  calls  it,  the  anode ;  and  the  other  to  the 
negative  electrode,  or  kaihode.  The  former  he  calls  the  amon,  the  latter  the  kathion,  (See 
under  those  names  and  EUetrdlysiB.) 

IRIDESCENCE,  (t/us,  the  rainbow.)  Exhibition  of  prismatic  colours.  This  tenn  is 
usually  applied  to  the  phenomena  of  interference  colours,  shown  by  grooved  surfaces  or  thin 
films  ;  thus  we  speak  of  the  iridescence  of  mother-of-pearl  and  of  a  soap  bubble.  (See  Barton'i 
BtUtons;  Diffraction  Spectra ;  Grooved  Sutfaces,  CoUmnof;  Coloura  of  Thin  Platet.) 

IRIDIUM,  ((^s,  the  rainbow.)  A  somewhat  rare  metallic  element  found  in  assodataon 
with  platinum.  •  It  was  discovered  in  1804  by  Tennant  in  the  reddue  left  on  dissolving  crude 
platinum  in  nitro-hydrochloric  acid,  in  which  it  occurs  in  an  alloy  with  osmium,  and  hence  some- 
times called  iridosmine.  From  this  it  is  separated  with  great  difficulty.  The  atomic  weight  of 
iridium  is  99' 13,  and  its  symbol  Ir.  In  the  pure  compact  state  after  fusion  it  ia  a  bright  white 
metal,  very  dense  (specific  gravity  21*15),  brittle  in  the  cold,  but  malleable  at  a  red  heat,  un- 
acted upon  by  all  adds,  and  infudble  in  the  ordinary  oxy-hydrogen  blowpipe.  Deville,  how- 
ever, has  succeeded  in  fusing  it  in  his  lime  furnace^  fed  with  a  powerful  oxy-hydrogen  blast. 
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Iridimn,  alloyed  with  platinum,  renders  it  harder,  somewhat  less  fusible,  and  less  affected  by 
gas  flames  and  chemical  reagents.  Hence  this  alloy  is  sometimes  used  imrfcead  of  pure  platinum 
for  chemical  utensils.  The  compounds  of  iridium  with  chlorine  and  adds  assume  many  colours, 
hence  the  name  given  to  it  by  the  diBooverer. 

IKIS.  That  portion  of  the  eye  which  surrounds  the  pupiL  It  owes  its  name  to  the  different 
colours — various  shades  of  blue,  brown,  or  gray — it  assumes  in  different  penoDB.    (See  £ye,) 

IBIS  ORNAMENTS.    See  BaHon's  Buttons, 

IRISCOPE.  ((/MS,  the  rainbow,  and  aKovea,  to  view.)  A  philosophical  toy  by  which  New- 
ton*s  coloured  rings  can  be  readily  seen.  It  consists  of  a  plate  of  black  polished  glass,  cleaned 
so  perfectly  that  vapour  is  deposited  on  it  in  a  continuous  film.  On  breathing  through  a  glass 
tube  upon  the  surface,  coloured  rings  appear,  owing  to  the  different  thicknesses  of  the  aqueous 
film  deposited.  The  oxder  is  that  of  Newton's  8(»le  reversed,  as  the  film  is  thinnest  at  the 
margin  and  thickest  at  the  centre.    (See  Newton*$  Binga,) 

IKON.  A  metallic  element  very  widely  diffused  in  nature,  and  occuiring  in  great  abund- 
ance in  many  parts  of  the  world.  Its  symbol  is  Fe,  from  the  Latin  word  ferrum,  and  its 
atomic  weight  56.  In  the  perfectly  pure  state  iron  is  almost  unknown,  its  preparation  being 
attended  with  enormous  difficulties  ;  but)  from  the  researches  of  Dr.  Matthiessen,  it  appears  to 
be  softer  than  ordinary  wrought  iron,  of  Silver  whiteness,  capable  of  taking  a  high  polish,  and 
very  tough.  Its  specific  gravity  b  7'S439.  Electrotyped  iron  has  been  found  to  have  a  specific 
gravity  of  8' 1393.  In  the  purest  attainable  state,  iron  is  scarcely  acted  on  by  acids.  In  the 
arts,  iron  is  met  with  in  the  forms  of  malleable  iron,  steel,  and  cast  iron.  The  first  being  iron, 
as  free  from  impurities  as  it  is  possible  to  get  it,  and  the  other  two  being  iron,  containing  car- 
bon, in  proportions  varying  from  0*65  to  upwards  of  5*0  per  cent.  Good  malleable  iron,  Imown 
also  as  wrought  iron,  is  of  a  grayish  colour.  Its  spedfic  gravity  is  about  7  '8.  Its  melting  point 
approaches  that  of  platinum ;  although  at  temperatures  far  below  this,  it  assumes  a  soft  pasty 
condition,  and  is  capable  of  being  welded  together  into  one  mass.  This  property  of  iron  is  of 
the  greatest  value  in  manufacturing  operations.  Its  hardness  and  toughness  are  scarcely  altered 
by  heating  to  redness,  and  cooling  suddenly,  forming  in  this  respect  a  striking  contrast  to  steel 
and  cast  iron.  It  is  very  malleable  and  ductile,  and  at  a  red  heat  may  be  hammered  and  rolled 
into  any  desired  form.  By  these  operations  it  acquires  a  fibrous  texture,  and  increases  greatly 
in  tenadty.  The  presence  of  foreign  substances  modifies  the  working  properties  of  wrought 
iron ;  thus,  sulphxur  in  quantities  of  upwards  of  O'OI  per  cent,  renders  it  what  is  technically 
called  "  red  short  "—that  is,  brittle  and  non-tonadous  at  a  red  heat.  Phosphorus,  if  present  in 
quantities  of  more  than  0*5  per  cent.,  renders  the  iron  brittle  at  the  ordinary  temperature,  or, 
as  it  is  technically  called,  **  cold  short."  In  dry  air  malleable  iron  is  unchanged,  but  air  and 
moisture  quickly  oxidise  it,  forming  a  red  rust,  which  in  time  would  eat  through  the  whole 
mass.  When  heated  to  whiteness  in  a  current  of  air,  malleable  iron  bums  with  vivid  scintilla- 
tions, producing  magnetic  oxide,  and  at  a  red  heat  decomposes  aqueous  vapour,  forming  mag- 
netic oxide  and  evolving  hydrogen.    (See  Hydrogen,) 

Sted  is  intermediate  between  malleable  iron  and  cast  iron,  and  its  peculiar  properties  are 
supposed  to  depend  upon  the  amount  of  carbon  combined  with  it.  The  best  stoel  contains 
alx)ut  I  *5  per  cent,  and  when  the  carbon  gets  below  this  it  becomes  "  mild  steel,"  and  approaches 
wrought  iron  in  its  properties,  whilst  when  the  carbon  increases  beyond  this  amount  it  assumes 
the  properties  of  cast  iron.  The  distinguishing  property  of  steel  is  that  of  becoming  very  hard 
and  brittle  when  it  is  heated  and  then  plunged  into  water,  and  of  becoming  soft  again  when 
heated  and  cooled  slowly.  When  hardened  steel  is  gradually  raised  in  temperature  and  a 
bright  surface  is  watched,  it  will  be  seen  to  pass  through  different  shades  of  colours  which  are 
due  to  different  thicknesses  of  oxide.  (See  Thin  Plates,  Colours  qf.)  These  colours  have  been 
found  to  correspond  to  definite  temperatures,  and  if  'the  steel  is  plunged  into  water  at  any 
particular  colour  it  will  be  found  to  possess  a  definite  amount  of  temper,  as  it  is  ca]le<^ 
dependent  upon  the  temperature  which  it  had  attained.  The  following  table  gives  the  colour 
assumed  by  the  surface,  the  temperature  to  which  this  colour  ooraesponds^  and  the  kind  of  tool 
or  instrument  to  which  this  particular  temper  is  best  suited. 

Temperature.  Cdour. 

220**  G.  (430"  F.)  Faint  yellow.  Lancets. 

232**  G.  (450**  ^O  ^<^o  straw.  Best  razors  and  most  surgical  instnmients. 

243''  G.  (470*  F.)  Full  yellow.  Gommon  razors,  pen  knives,  &o. 

254''  G.  (490"  F.)  Brown.  Small  shears,  scusors,  chisels  for  cutting 

cold,  hoes. 
265*"  0.  (510"  F.)  Brown,  dappled 

with  purple  spots.  Axibb,  plane  ironfl^  pockot  knives. 
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Temperature. 

Colour. 

277"  0.  (530*  F.) 
288^0.  (550'' F.) 
293*'  C.  (560''  F.) 
316"  C.  (600^  F.) 

Purple. 
Light  blue. 
Full  blue. 
Dark  blue. 

Table  knives,  large  shean. 
Swordfl,  watch  Bprings,  bell  spiings. 
Fine  saws,  daggers,  augers. 
Hand  and  pit  saws. 

Good  steel  is  white  in  colour  and  takes  a  very  high  polish.  Its  fracture  should  be  close  and 
granular,  with  no  appearance  of  fibre.  Its  tenacity  exceeds  that  of  any  other  metal  or  aUoy. 
Its  specific  gravity  varies  between  7*6224  and  7'8i3i.  It  melts  at  a  lower  temperature  than 
malleable  iron,  being  more  fusible  in  proportion  to  the  carbon  it  contains.  When  near  the 
melting  point  it  is  capable  of  being  welded  and  wrought.  When  dissolved  in  adds  it  leaves  a 
black  carbonaceous  residue.  Steel  is  produced  either  by  adding  carbon  or  a  highly  carbonised 
iron  to  malleable  iron,  as  in  the  cementation  process,  or  by  removing  carbon  from  cast  iron,  as 
in  the  processes  of  maJring  natural  steel,  puddled  steel,  and  Bessemer  steeL  A  description  of 
these  different  processes  would  occupy  too  much  space,  and  the  reader  is  therefore  referred  to 
works  on  metallurgy  for  further  details. 

Cast  Iron  or  Pig  Iron  is  iron  containing  the  highest  amount  of  carbon.  There  are  two  kinds, 
viz.,  gray  and  white  cast  iron.  Gray  cast  iron  is  granular  in  texture  and  of  a  gray  colour.  Its 
fracture  is  fine  grained,  and  on  close  examination  particles  of  graphite  may  be  detected  in  it. 
Its  specific  gravity  is  about  7*1.  It  melts  at  about  1600**  C.  and  becomes  very  liquid,  passing 
suddenly  from  the  solid  to  the  liquid  state.  When  rapidly  cooled  it  is  converted  into  white 
cast  iron. 

White  cast  iron  is  much  whiter  than  gray  cast  iron ;  it  has  a  crystalline  and  somewhat  con- 
choidal  fracture,  and  is  very  hard  and  brittle.  Its  specific  gravity  is  about  7*5.  It  melts  at  a 
little  lower  temperature  than  gray  cast  iron,  and  before  becoming  liquid  it  passes  through  a 
pasty  condition.  When  cooled  very  gradually  it  is  changed  into  gray  cast  iron.  The  most 
characteristic  kind  of  white  cast  iron  is  Spiegeleisen  or  Specular  Iron.  The  chief  difference 
between  these  two  kinds  of  cast  iron  appears  to  be  due  to  the  state  in  which  the  carbon  is  con- 
tained in  them.  In  white  cast  iron  it  is  supposed  to  be  in  chemical  combination,  whilst  in  gray 
cast  iron  the  greater  part  is  mechanically  diffused  through  it  in  the  form  of  graphite.  The 
carbon  may  be  removed  from  cast  iron  by  heating  it  to  the  welding  point  and  stirring  it  about 
in  the  air  or  with  oxide  of  iron  {Puddling  Process),  or  by  blowing  air  through  it  in  the  melted 
state  {Bessemer  Process),  In  the  latter  operation  the  heat  produced  by  the  combustion  of  the 
carbon  is  sufficient  to  raise  the  temperature  to  such  a  degree  that  when  at  last  the  carbon  is  all 
burnt  off  the  resulting  malleable  iron  is  still  in  the  liqmd  state.  If  these  operations  are  stopped 
before  all  the  carbon  is  burnt  off,  steel  of  various  qualities  is  produced.  Besides  carbon,  wMch 
may  be  considered  a  normal  ingredient,  cast  iron  contains  other  impurities,  of  which  sulphur, 
phosphorus,  and  silioon  are  almost  always  present,  whilst  manganese,  copper,  aluminium, 
calcium,  magnesium,  arsenic,  nickel,  cobalt,  titanium,  vanadium,  chromium,  zinc,  antimony,  &c., 
occur  less  frequently.  Cast  iron  is  the  form  in  which  the  metal  is  almost  invariably  prepared 
from  its  ores.  A  mixture  of  iron  ore,  (see  Iron  Ores,)  limestone,  coke,  and  sometimes  other 
substances  to  form  a  fusible  slag,  is  piled  up  in  enormous  quantities  in  blast  furnaces,  sometimes 
nearly  100  feet  high,  and  after  being  ignited  below,  the  heat  is  brought  to  its  greatest  intensity 
by  forcing  in  blasts  of  air  by  means  of  powerful  piunps,  and  through  blow-pipe  nozzles  two  or 
three  inches  in  diameter.  The  blast  is  sometimes  at  the  ordinary  temperature,  but  more 
frequently  heated  to  about  the  melting  point  of  lead.  Beduction  of  the  iron  to  the  metallic 
state  rapidly  takes  place,  whilst  the  other  constituents  form  a  fusible  slag  through  which  the 
iron  falls  and  collects  in  the  lower  part  of  the  furnace,  the  slag  forming  a  liquid  layer  over  it^ 
As  the  slag  accumulates,  it  is  allowed  to  flow  from  an  aperture  above  the  levd  of  the  liquid  iron, 
and  when  the  iron  has  accumulated  to  a  certain  height  it  is  tapped  off  at  the  lower  part  whence 
it  flows  in  a  stream  along  channelB  prepared  for  it  in  the  sand  with  which  the  floor  of  the  shed 
is  covered.  The  chemical  reactions  which  take  place  in  a  blast  furnace  are  very  complicated, 
and  are  not  yet  thoroughly  understood.  The  reduction  of  the  oxides  of  iron  is  effected  by  the 
carbonic  oxide  at  a  temperature  lower  than  the  melting  point  of  iron,  and  the  materials  with 
which  the  blast  furnace  is  fed  are  so  proportioned  that  the  amount  of  silica,  alumina,  and  lime 
shall  be  present  in  the  proper  proportion  to  form  a  double  silicate  of  lime  and  aluxhina.  This 
double  silicate  being  fusible  below  the  melting  point  of  iron,  coats  the  reduced  spongy  metal  as 
with  a  varnish  and  prevents  its  reoxidation  whilst  its  temperature  is  rising  to  the  fusing  point. 

The  gases  which  issue  from  the  top  of  blast  furnaces  consiBt  of  between  50  and  60  per  cent, 
of  nitrogen,  about  lo  per  cent,  of  carbonic  acid,  25  per  cent,  of  carbonic  oxide,  the  remainder 
being  a  mixture  of  marsh  gas,  defiant  gas,  and  hydrogen.  Formerly  they  were  allowed  to 
bum  at  the  mouth  of  the  furnace,  but  latterly  they  have  been  drawn  off  and  utilised  as  fuel  for 
heating  boilers,  puddling  furnaces,  &c 
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Oxidet  of  Iron.  Iron  forms  several  oxides,  the  most  important  being  the  protoxide,  the  ses- 
qaioxide,  and  the  magnetic  oxide. 

The  Protoxide  or  Ferrous  Oxide  (FeO)  is  scarcely  known  in  its  pare  or  hydrated  state.  It 
is  a  powerful  base,  forming  salts,  wbich  are  for  the  most  part  soluble  in  water,  easily  crystal- 
Usable,  of  a  pale  greenish  blue  colour,  and  white  when  anhydzous.  Those  of  any  importance 
are  described  under  the  headings  of  their  acids. 

Seaquioxide  of  Iron  ;  or,  Ferric  Oxide  {Fe/)^)..  This  is  very  widely  diBtributed  in  nature,  and 
in  the  form  of  haematite  and  specular  iron  is  one  of  the  most  important  ores  of  iron.  When 
anhydrous,  and  prepared  artificially,  it  is  an  amorphous  powder,  varying  in  colour  from  bright 
red  to  dark  brown.  When  prepared  by  igniting  the  magnetic  oxide  it  is  magnetic,  but  gene- 
rally it  has  no<  magnetic  properties;  it  is  reduced  to  the  metallic  state  by  hydrogen,  carbon, 
carbonic  oxide,  and  c<Mnbustible  gases,  at  a  red  heat.  Sulphuretted  hydrogen  reduces  and  sul- 
phurises it.  In  the  hydrated  state  it  is  a  yellowish  brown  earthy-looking  powder,  which  be- 
comes anhydrous  at  a  red  heat,  and  is  reduced  more  easily  than  the  anhydrous  oxide.  Sesqui- 
oxide  of  iron  dissolves  in  acids,  forming  salts  which  are  generally  difficultly  crystallisable.  The 
most  important  of  them  will  be  described  under  the  headings  of  their  adds. 

Magnetic  Oxide  of  Iron  (Fe304)r  When  native  this  is  the  richest  ere  of  iron  ;  it  is  formed 
artificially  when  aqueous  vapour  is  passed  over  red-hot  iron^  or  when  iron  is  burnt  in  oxygen. 
It  may  be  obtained  beautifully  ciystallised  by  other  processes.  It  ia  black,  almost  insoluble  in 
adds,  and  attracted  by  the  magnet.    It  does  not  form  salts.     ' 

Sulphides  of  Iron.  There  are  several  sulphides,  those  of  meet  importance  being  the  fol- 
lowing :— 

Magnetic  Sulphide  of  Iron  occurs  native  in  crystals  of  a  bronze  metallic  lustre ;  it  is  brittle, 
and  sUghtly  magnetic  ;  specific  gravity  4*55  ;  the  formula  is  not  well  ascertained. 

Disulphvde  of  Iran  (FeS^)  is  very  frequently  met  with  native,  and  ia  known  as  ydlow  pyrites, 
cubic  pyrites,  and  mundic,  and  when  in  a  difierent  state  of  crystalliBation,  white  iron  pyrites  or 
mareasUe.  The  yellow  variety  occurs  in  cubical  crystals  and  forms  associated  therewith  ;*its 
specific  gravity  is  about  5  'o ;  it  has  a  bronze  yellow  metallic  lustre,  and  a  conchoidal  fracture. 
It  does  not  alter  by  exposure  to  air,  the  white  variety  ormarcasite  crystalliBes  in  pyramidal  and 
prismatic  combinations,  and  is  often  masdve;  its  specific  gravity  is  about  4*8  ;  it  has  a  very 
pale  yellowish  gray  metallic  lustre.  It  oxidises  readily  in  the  air,  the  heat  sometimes  rising  to 
such  an  extent  as  to  cause  combustion  of  the  mass.  Iron  pyrites  is  now  used  in  enormous 
quantities  in  the  manufacture  of  sulphuric  acid ;  when  ignited  in  the  air  sulphurous  add  is 
formed,  and  sesquioxide  of  iron,  containing  a  little  sulphate  of  iron,  is  left. 

Carbides  of  Iron.  Combinations  of  carbon  and  iron,  such  as  cast  ifon  and  steel,  are  called  car- 
bides of  iron.  Artificial  compounds  of  carbon  and  iron,  in  definite  proportions,  have  been  pre- 
pared. 

Chlorides  of  Iron.  Of  these  there  are  two : — ProtochUnide  cf  Iron,  or  ferrous  chloride 
(FeGl,)  in  the  hydrated  state  crystallises  in  bluish  crystals,  which  are  readily  soluble  in  water, 
and  deliquesce  in  moist  air.  By  evaporating  the  solution  to  dryness,  and  heating,  it  becomes 
anhydrous.  Sesquichloride  of  Iron,  perchloride  of  iron,  or  ferric  chloride  (FejCIg)  sublimes  in  the 
anhydrous  state  when  chlorine  gas  is  passed  over  hot  iron  turnings.  It  forms  dark  brown 
metallio-looking  crystals,  which  sublime  at  a  little  above  the  boiling  point  of  water ;  it  deliquesces 
in  the  air,  and  is  very  soluble  in  water.  The  solution  of  sesquichloride  of  iron  is  usually  pre- 
pared in  the  wet  way.  On  evaporation  it  yields  crystals,  which  contain  water  of  crystallisation. 
Sesquichloride  of  iron  ia  of  considerable  use  in  the  laboratory,  and  also  in  medicine.  It  is  one 
of  the  most  powerful  styptics  known  for  arresting  bleedii^.  Sesquichloride  of  iron  forms  nume- 
rous double  salts  with  other  chlorides. 

Iodide  of  Iron,  or  FerrouB  Iodide  (Fel,).  A  brown  mass  formed  by  the  direct  union  of  its 
elements,  dissolving  in  water  to  a  paJe  green  solution,  and  crystallising  in  green  deliquescent 
crystals.  It  is  quickly  altered  by  exposure  to  air,  with  absorption  of  oxygen.  No  other  com- 
pound of  iron  and  iodine  is  known. 

IKON,  METEORIC.     See  Meteoric  Iron. 

IRON  PYRITES.    See  Iron  Sulphides. 

IRON  ORES.  The  most  important  iron  ores  are  Magnetite,  or  Magnetic  Iron  Ore*  It  hat 
a  black  metallic  lustre,  and  sometimes  forms  mountainous  masses  ;  it  contains  72*41  per  cent, 
of  iron. 

ffamatite  Bed  Iron  Ore,  or  OligisUc  Iron,  This  is  native  ferric  oxide,  and  occurs  dther  crystal- 
line or  masdve^  and  sometimes  in  kidney-shaped  lumps.  When  pan  it  contains  70  per  cent, 
of  iron. 

Specular  Iron  Ore,  or  Elbft  iron  ore.  This  is  also  ft  feme  oxide.  It  is  iron  gray  and  crystal 
line. 
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Brown  Iron  Ore,  This  is  a  hydrated  ■esqiiiozide  of  iron,  oontaaniiig  when  pure  59'89  percent, 
of  iron.    It  is  generally  of  a  compact  earthy  appearance. 

Spathic  Iron  Ore^  or  Sparry  Iron  Ore.  Native  protocarbonate  of  iron.  It  aTstaUises,  forming 
masses  of  a  light  yellowish  colour.  When  plire  it  contains  48*27  per  cent,  of  iron.  There  aie 
mountains  of  this  ore  on  the  con^nent  of  Europe. 

Clay  Iron  Ore,    This  consists  of  a  mixture  of  hssmatite  or  spathic  iron  ore  with  day. 

IRRADIATION.    {Irradio,  to  shine  on.)    See  Diffraetum, 

IRRATIONALITY  OF  DISPERSION.    See  Dupernon,  IrrationalUy  of. 

ISINGLASS.    Bee  Gelatin. 

ISABNORMALS,  THERMIC,  Dov^  has  published  a  series  of  maps  indicating  the  devi- 
ation of  the  temperature  of  different  regions,  from  the  temperature  due  to  the  latitude,  for 
different  months.  He  calls  the  lines  joining  places  in  which  the  deviation  is  the  same  tkermie 
itabnormala. 

ISOBAROMETRIC  CHARTS.  (t<rot,  equal ; /Sdpot,  weight ;  and  m^t/xht,  measura)  Charts 
indicating  the  distribution  of  barometric  pressure  over  the  globe.  Dovd  has  used  the  term, 
however,  in  a  different  sense.  In  Buchan's  excellent  Handy  Book  of  Meteorology  such  charts 
are  given  for  January,  July,  and  for  the  year.  The  most  remarkable  features  in  the  chart  for 
the  year  are  (i)  the  existence  of  an  equatorial  zone  of  relatively  low  pressure,  and  (2)  Uie  great 
difference  between  the  barometric  pressure  in  high  northern  and  southern  latitudes.  The  low 
antarctic  barometer  has  been  explained  in  several  ways,  Captain  Maury  referring  it  to  the 
effect  of  the  enormous  quantity  of  aqueous  vapour  rising  over  the  southern  hemisphere.  He 
supposes  this  vapour  to  carry  off  towards*  equatorial  regions  a  portion  of  the  air  which  would 
otherwise  add  to  the  pressure  in  high  antarctic  latitudes.  The  present  writer  has  given  rea- 
sons for  referring  the  difference  of  pressure  to  that  displacement  of  the  earth's  centre  of  gravity, 
which  causes  the  southern  hemisphere  to  be  more  largely  covered  with  water  than  the  northern. 
This  access  of  water  would,  in  fact,  raise  the  level  of  the  seas  in  high  southern  latitudes  above 
thek  mean  level  of  the  terrestrial  spheroid.  If  this  view  u  just,  barometric  observations  in 
northern  and  southern  seas  give  us  the  means  of  determining  the  displacement  of  the  earth's 
centre  of  gravity. 

ISOSCELES  PRISM,  (iffot^  equal ;  ffxeXos,  a  leg.)  A  prism  the  section  of  which,  perpen- 
dicular to  its  axis,  is  an  isosceles  trxemgle  ;  this  and  Qie  equilateral  prism  are  the  forms  usually 
employed  to  effect  the  prismatic  decomposition  of  light.    (See  Priim.) 

ISOCHEIMENAL.  {t<ros,  equal ;  and  x^^/^y  winter.)  Itocheimenal  Lines  are  those  so 
traced  on  a  chart  of  the  earth's  surface  as  to  pass  through  all  places  haviog  the  same  mean 
winter  temperature.    (See  Itothermal.) 

ISOCHRONISM.  (tffoSf  equal ;  XP^^<*%  time.)  The  property  possessed  by  pendulums, 
balance-wheels,  and  oscillating  particles,  by  which  they  perform  their  oscillations,  whether  in 
longer  or  shorter  arcs,  in  the  same  time.  As  an  illustration,  let  us  suppose  a  smooth  particle  to 
be  dropped  into  a  smooth  hemispherical  bowl.  It  will  osdllate  in  an  arc  of  a  vertical  circle. 
When  the  arc  becomes  small,  the  time  of  each  oscillation  will  be  the  same  ;  hence  a  vertical 
circle  is  isochronic  for  a  particle  acted  on  by  gravity  for  a  small  arc  only.  If  a  particle  be 
dropped  down  a  cycloid  (the  curve  traced  by  a  point  on  the  circumference  of  a  circle  which  rolls 
on  a  straight  line),  the  time  of  oscillation  will  be  the  same  wherever  the  starting  point  may  be. 
On  account  of  this  remarkable  property,  the  cycloid  has  been  termed  the  isochronic  curve.  (See 
Bordlogy ;  Pendulum;  Balance-Wheel.) 

ISOCLINIC  LINE,  {taos,  equal ;  icXirw,  to  incline.)  A  line  joining  all  the  places  on  the 
earth's  surface  which  have  equal  magnetic  inclination  or  dip  is  called  an  isoclinic  line.  Such 
lines  are  found  to  occupy  much  the  same  position  with  regard  to  the  magnetic  poles  that  the 
parallels  of  latitude  hold  with  respect  to  the  geographical  poles.  A  line  called  the  magnetic 
equator  or  aclinic  line  (a  priv.),  or  line  of  no  dip,  nearly  coincides  with  the  terrestrial  equator, 
and  the  other  isoclinic  lines  are  nearly  parallel  to  it.     (See  Magn^iem,  Terrestrial.) 

ISODYNAMIC  LINE,  (fcrof,  equal ;  d^vafus^  force.)  A  line  joining  all  the  points  on  the 
earth's  surface  at  which  the  magnetic  intensity  is  the  same  is  called  an  isodynamic  line.  These 
lines  are,  roughly  speaking,  parallels  running  east  and  west ;  they  do  not,  however,  coincide 
with  the  isoclmic  lines. 

ISOGONIC  LINES,  (taot^  equal ;  ytopla,  an  angle.)  A  line  joining  all  the  places  on  the 
earth's  surface  at  which  the  declination  or  angle  made  by  the  magnetic  with  the  geographical 
meridian  is  the  sam^.  The  general  appearance  of  these  lines,  when  laid  down  on  a  magnetic 
chart,  is  that  of  running  nearly  north  and  south,  but  with  very  many  and  very  great  irregrulari- 
ties.  They  all  converge  to  two  points,  one  in  the  northern  and  the  other  in  the  southern 
hemisphere,  called  the  magnetic  poles,  and  from  them  these  radiate.  (See  Magnetism, 
Terrestrial, 
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ISOMERISM,  (f^of,  equal ;  and  liipn,  part.)  Bodies  are  fsomerio  when  they  have  the  same 
elements  and  the  same  percentage  composition  ;  thus  butyric  add  and  acetic  ether  have  each 
the  composition  C^HgO^,  and  are  called  isomeiic,  although  they  are  veiy  different  in  chemical 
properties. 

'  ISOMORPHISM,  (fjot,  equal ;  and  /top^,  form.)  Bodies  are  isomorphous  when  they 
have  the  same  crystalline  form,  whilst  their  chemical  composition  is  different.  Thus  the  salts 
of  phosphoric  acid,  and  arsenic  add,  of  sulphuric,  and  selenic  add,  and  the  protoaalts  of  mag- 
nedum,  and  zinc,  are  isomorphoufl — ^that  is  to  say,  their  corresponding  compounds  aystallise  in 
the  same  form. 

ISOTHERAL.  (fcrot,  equal ;  and  04poSf  summer.)  Iwtheral  Unet  are  those  so  traced  on  » 
diart  of  the  earth's  surface  as  to  pass  through  all  places  having  the  same  mean  sommer  tem- 
perature.   (See  hothertMl.) 

ISOTHERMAL,  (fcrof,  equal ;  and  B4piiyit  heat.)  Isothermal  lines  are  lines  drawn  across 
a  chart  of  the  earth  so  as  to  pass  throiu^h  all  places  having  a  given  mean  temperature,  whether 
for  a  given  month  or  for  the  year.  Isothennal  lines  for  the  year  are  commonly  called  the 
ftiean  annual  itothemu;  the  isotherms  for  July  and  January — ^that  is,  for  the  hottest  and 
coldest  months  of  the  year,  are  called  respectively  itotheraU  taiaisoeheimtnals. 

We  owe  to  Humboldt  the  suggestion  that  isothermal  charts  should  be  constructed,  and  also 
a  large  mass  of  materials  to  aid  in  their  construction.  Such  charts  are  most  important  aids  to 
the  study  of  climatology,  indicating  as  they  do  those  great  laws  which,  apart  from  latitude  (as 
also  apart  from  altitude)^  affect  the  climate  of  a  countir.  (See  CUmaU.)  It  is  in  particular 
noteworthy  that  whereas  the  mean  annual  isothenns  exhibit  a  certain  general  uniformity,  and 
(except  in  polar  regions)  a  general  tendency  to  coinddence  with  latitude-parallels,  we  see  in  the 
isotherals,  and  still  more  markedly,  in  the  isocheimenals,  the  most  stxiking  departures  from 
regularity.  In  July  we  find  the  continents  more  heated  than  the  ocean  regions  lying  on  the 
same  parallels  ;  in  Januaiy  the  direct  reverse  is  the  case.  Here  reference  is  made,  of  course,  to 
the  northern  hemisphere,  where  alone  continental  and  ocean  regions  are  distributed  pretty 
equally,  and  where  also  we  have  full  materials  for  the  construction  of  these  charts.  It  may  be 
noted  in  passing  that  the  terms  isotheral  and  isocheimenal  are  not  veiy  happily  diosen,  since 
the  winter  season  for  one  hemisphere  is  the  summer  season  for  the  other. 

One  of  the  most  striking  of  all  the  features  presented  by  isothermal  charts,  is  the  position  of 
those  isotherms  which  cross  or  pass  near  the  British  Isles  in  winter.  Instead  of  lying  along 
parallels  of  latitude,  they  run  so  nearly  north  and  south  across  Great  Britain,  that  one  may 
accept  it  as  a  general  rule  in  selecting  wintering  places  in  these  Isles,  that  a  high  temperature 
Is  to  be  sought  by  travelling  from  east  to  west,  instead  of  from  north  to  south.  The  mean 
winter  climate  of  the  south-western  extremity  of  Ireland  is  condderably  warmer  than  that  of 
Constantinople,  or  even  Cabul  on  the  eastern  continent,  or  than  that  of  Washington  on  the 
westein. 

It  woald  be  an  advantage  if  the  use  of  polar  projections  of  the  two  hemispheres  could  be 
introduced  for  isothennal  charts,  instead  of  Mercator's,  which  so  enlarges  polar  regions  as  to 
make  the  isothermal  lines  in  high  latitudes  barely  intelligible. 

We  require  also  charts  oonstructecl  so  as  to  indicate  the  range  of  temperature  for  the  year, 
dnce  this  is  a  more  important  element  of  climate  than  even  the  mean  annual  temperature. 

IZAR.  (Arabic.)  A  name  sometimes  given  to  the  star  c  Bootis.  It  is  called  also  Mlzar, 
Mirach,  and  Pulcherrima. 


JACK.  (Same  as  Frendi  Jaeqwt,  James ;  a  common  name  for  a  helpinff>boy,  and  thence 
any  instrument  supplying  the  place  of  a  boy,  as  boot-jack,  and  generally  appfied  to  any  instm- 
ment  rendering  convenient  though  apparently  slight  service.)  An  adaptation  of  the  toothed- 
wheel  for  the  purpose  of  raising  great  weights  through  small  distances.  It  consists  of  a  pediestal 
or  support,  in  which  works  some  combination  of  mechanical  powers,  usually  a  rack  and  pinion. 
(See  Back  and  Pinion,)  The  rack  is  prevented  from  descending  idfter  being  raised  by  the 
following  means : — A  small  wheel,  termed  a  ratchet-wheel,  Is  attached  to  the  i^e,  and  furnished 
with  teeth  inclined  in  the  direction  oppodte  to  that  in  which  it  is  to  move,  and  a  catch  falls 
between  the  teeth  as  the  wheel  revolves.  The  reaction  of  this  catch  is  In  the  direction  of  the 
tangent  to  the  wheel,  and  permits  of  the  motion  of  the  wheel  in  one  direction  only.  A  much 
greater  power,  though  attended  with  a  proportionally  diminished  range  In  space  may  be 
obtained  by  combining  two  or  more  wheels  and  pinions  in  the  jack. 

JACOB'S  MEMBRANE.  A  delicate  tnosparent  moaabrane  of  tho  eye  feparatisg  tho 
ohoxQid  coating  from  the  retina^    (See  Syc) 
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J  ANSSEN'S  TELLUEIC  LINES.    See  Atmotpherie  Lines  of  the  Solar  Spectrum, 

JARGON.     See  Zirconium. 

JASPER.     See  Quartz, 

JET  PHOTOMETER.  The  quantity  of  gas  which  will  pass  through  a  small  aperture  at  a 
constant  pressure  varies  with  the  density  of  the  gas,  and  in  the  case  of  different  gases  tiie 
quantity  which  will  pass  is  inversely  as  their  densities.  Mr.  Lowe  has  constructed  an  instm- 
ment  on  this  principle ;  it  is  not,  however,  strickly  speaking  a  photometer,  or  light  measurer, 
but  an  indicator  of  constancy  of  quality  ;  so  long  as  the  quality  of  the  gas  is  unaltered,  the  jet 
of  flame  remains  of  the  same  size.     (See  Photometry.) 

JOINT.  (French,  joindre,  to  join  ;  jonit,  joined;  LatiD^  jungere,  to  fasten  together.)  In 
machinery,  any  contrivance  by  which  two  different  parts  may  be  united  either  temporarily  or 
permanently.  Joints  are  variously  constructed  ;  one  of  the  most  useful  is  the  universal  joint, 
invented  by  Dr.  Hook.  The  two  axles  which  are  to  be  connected  terminate  in  semi-circular 
pieces  of  iron,  and  the  diameters  a»e  fixed  upon  each  other  crosswise,  at  the  same  time  moving 
freely  in  the  extremities  of  the  semi-circles.  Thus  either  axle  may  change  its  position  through 
a  considerable  angle  without  necessarily  altering  the  action  of  the  other.  Where  the  greatest 
possible  range  of  motion  is  required,  a  double  joint  can  be  used,  oonstrocted  on  a  similar 
principle. 

For  other  varieties  ef  joints,  see  BaU-and-Socket. 

JOULE'S  EQUIVALENT.     See  Mechanical  Equivalent  of  Heat, 

JUNO.    One  of  the  Asteroidt,  {q.  v.) 

JULIAN  PERIOD.  A  period  containing  7980  yean,  and  therefore  including  an  integral 
number  of  cycles  of  the  sun  (each  twenty-eight  years),  of  the  moon  (each  nineteen  years),  and 
of  the  indiction  (each  fifteen  years). 

JUPITER.  In  astronomy,  the  fifth  of  the  planets  in  order  of  distance  from  the  sun,  the 
innermost  and  also  the  noblest  of  the  system  of  major  planets  travelling  outside  the  zone 
of  asteroids.  Jupiter's  mean  distance  from  .the  sun  is  475,692,000  imles ;  his  greatest, 
498,639,000 ;  his  least,  4^2,745,000.  The  mean  distance  of  the  earth  from  the  sun  being 
91,430,000  miles,  Jupiter  s  distance  from  the  earth  varies  from  about  361,000,000  to  about 
590,000,000  miles.  The  eccentricity  of  his  orbit  is  considerable,  being  0x248239  ;  its  inclina- 
tion to  the  ecliptic  is  i**  18'  40*3^  He  accomplishes  a  sidereal  revolution  in  a  mean  period  of 
4332*5848  days ;  while  the  interval  separating  his  successive  returns  to  opposition,  has  a  mean 
value  of  398'867  days.  He  is  the  lai^est  of  all  the  planets,  having  an  equatorial  diameter  of 
no  less  than  84,850  miles.  His  polar  diameter  is  about  ^th  less,  according  to  some  estimates, 
while  others  make  the  compression  of  his  globe  as  great  as  iVth*  or  even  i^th.  His  volmne 
exceeds  the  earth's  no  less  than  1233*205  times  ;  but  his  density  being  only  about  one-fourth 
of  the  earth's,  his  mass  does  not  exceed  the  earth's  more  than  301  times.  He  is,  however,  in 
weight  as  well  as  in  volume,  the  first  of  all  the  planets.  Indeed,  he  outweighs  their  combined 
mass  more  than  doubly.  His  rotation  upon  his  axis  is  accomplished  in  a  few  minutes  less  than 
ten  hours ;  the  inclination  of  his  equator  to  his  orbit  is  only  3**  5'  30",  so  that  there  can  be  no 
appreciable  seasonal  changes  in  any  parts  of  his  globe. 

Jupiter  is  surrounded  by  a  noble  system  of  dependent  orbs,  having  no  less  than  four  satellites 
(the  least  of  which  is  equal  to  our  moon  in  bulk)  circling  around  his  globe.  They  were  dis- 
covered by  Galileo  in  16  to,  and  their  motions  have  been  ever  since  carefully  studied  by 
astronomers.  They  afford  to  the  amateur  telescopist  an  interesting  subject  of  study,  as  they 
pursue  their  career  around  the  piimazy,  now  transiting  his  disc,  now  attaining  their  greatert 
elongation,  and  anon  passing  into  his  great  shadow-cone.  Their  changes  of  configuration  are 
also  well  worthy  of  study.  Sometimes  all  will  be  seen  on  one  side ;  at  others,  a  pair  on  each 
side  of  the  planet's  disc.  Often  he  seems  deprived  of  two  or  three  el  his  attendants  ;  while 
occasionally,  though  at  very  long  intervals,  he  can  be  seen  without  any  satellite  external  to  hia 
disc.  The  observation  of  the  eclipses,  oocultations,  and  transits  of  these  satellites  afford  a 
means,  though  not  so  exact  a  one  as  was  once  hoped,  of  detennining  terrestrial  longitudes,  and 
accordingly  the  epochs  at  which  these  phenomena  may  be  witnessed,  are  announced  before- 
hand in  the  Nautic^  Almanac.  At  present  it  would  seem  that,  besides  the  inherent  difficulties 
in  this  mode  of  determining  the  longitude,  there  are  others  depending  on  the  inexactness  of  the 
tables  of  Jupiter ;  and  it  is  to  be  hoped  that,  before  long,  better  tables  than  Delambre's  will  be 
prepared  and  published.  Observation  of  the  phenomena  of  Jupiter's  satellites  affords  a  useful 
exercise  to  the  young  astronomer. 

It  was  by  observations  of  Jupiter's  satellites  that  the  velocity  of  light  was  discovered.  The 
eclipses  and  other  phenomena  were  observed  to  take  place  later  than  their  calculated  time  when 
the  planet  was  approaching  conjunction.    It  was  at  length  suggested  by  Romer  that  this  is 
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due  to  the  greater  distance  light  has  to  travel  at  such  times.  Bepeated  observatioiis  have 
shown  this  explanation  to  be  the  correct  one. 

The  disc  of  Jupiter  is  crossed  by  dark  belts  variable  in  breadth  and  figure.  (See  Bdts.) 
During  the  winter  of  1869-70  these  belts  were  much  studied  by  astronomers,  on  account  of  the 
striking  colours  and  changes  of  colour  they  exhibited.  These  changes  had  been  noticed  in  the 
autunm  by  Mr.  Browning,  the  optician,  who  was  the  first  to  invite  the  attention  of  astronomers 
to  their  singular  nature. 

Much  yet  remains  to  be  learned  respecting  the  physical  habitudes  of  this  noble  planet,  and 
there  is  room  for  prolonged  and  patient  study  of  his  appearance,  and  changes  of  appearance. 
It  may  be  reasonably  questioned  whether  he  presents  even  a  general  resemblance  in  physical 
constitution,  and  especially  in  his  present  physical  condition,  to  our  earthy  or  to  any  of  the 
small  planets  circling  withm  the  zone  of  asteroids. 


K 

KALEIDOPHON.  Wheatstone's  kaleidophon  consists  essentially  of  a  series  of  elastic 
steel  rods  of  rectangular  section,  which  can  be  fastened  rigidly  at  one  end  into  a  massive  support, 
and  which  carry  at  the  other  end  a  bright  silver  button,  or  mlvered  globular  glass  bead.  The 
object  of  the  kideidophon  is  to  show  the  influence  of  thickness  upon  the  rate  of  vibration  of 
an  elastic  rod,  and  to  render  visible  the  effect  upon  the  rod  of  difference  of  phase  of  two 
simultaneous  vibrations.  If  a  square  rod  be  fixed  in  an  upright  position  it  will  vibrate  as 
fast  when  its  plane  of  vibration  is  parallel  to  one  of  its  faces  as  when  parallel  to  the  neigh- 
bouring face  at  right  angles  to  the  first  plane  (see  VtbrcUumtf  Trantversal,  of  an  dattic  rod), 
and  the  bright  bead  at  the  end  will  appear  to  move  in  either  case  in  a  straight  line.  If  the  rod 
receives  two  equal  and  simultaneous  impulses  at  right  angles  to  one  another  when  at  rest,  that 
is,  when  the  phase  difference  is  nothing,  it  will  move  in  a  straight  line  bisecting  the  direction  of 
the  impulses  and  return  along  the  same  path.  Its  path  will,  therefore,  be  a  straight  line.  If 
when  under  a  single  impulse  it  has  reached  its  point  of  maximum  excursion  it  receive  the  second 
impulse  at  right  angles  to  the  first,  there  will  be  a  difference  of  phase  of  half  a  complete  vibra- 
tion, and  the  end  of  the  rod  will  then  vibrate  in  a  straight  line  perpendicular  to  the  former  one. 
If  under  the  influence  of  the  first  impulse  it  has  completed  half  an  excursion,  or  a  quarter  of  a 
vibration,  it  receives  the  second  it  will  move  in  a  circle.  The  same  will  be  the  case  if  it  receives 
the  second  impulse  when  it  has  completed  three  half  excursions  or  three  quarters  of  a  vibration. 
In  all  other  relations  of  phase  ellipses  will  be  described,  which  will  remain  constant  if  the  rod 
be  exactly  square  and  exactly  damped.  By  means  of  a  little  screw  working  through  the 
pedestal  one  side  of  the  rod  may  be  touched  near  to  its  extremity ;  this  virtually  shortens  one 
side  of  the  rod.  It  no  longer  vibrates  in  the  two  directions  at  the  same  rate.  The  figures  no 
longer  remain  constant  but  collapse  and  expand.  If  the  rectangular  rod  be  twice  as  wide  as  it 
is  thick  an  analogous  series  of  figures  will  be  described  depending  upon  the  difference  of  phase. 
The  figure  corresponding  to  the  straight  line  (o  or  ^  vibration  d^erence)  will  now  be  an  open 
curve  resembling  a  parabola  and  having  its  curvature  turned  one  way  or  the  other,  according  as 
the  vibration  difference  is  o  or  4.  The  circular  path  of  the  former  case  will  now  appear  as  a 
figure  of  8  (difference  of  vibration  ^  or  }).  The  intermediate  cases  will  resemble  the  same 
figure  having  the  point  of  intersection  pushed  laterally  one  way  or  the  other.  These  figures 
correspond  with  the  ellipses  of  the  former  case.  As  before,  by  means  of  the  screw  a  slight  dif- 
ference of  rate  of  vibration  in  one  direction  may  be  introduced,  whereupon  the  figures  vary  as 
in  the  previous  case.  Similar  but  more  complex  figures  are  formed  when  other  relations  exist, 
the  shape  of  the  constant  figures  depending  upon  the  numerical  relation  of  the  vibrations  and 
their  relative  phases,  the  motion  of  the  figures  depending  upon  a  continual  change  of  phase. 
The  simplest  case  of  the  first  of  the  relations  given  is,  of  course,  offered  by  a  cylindrical  rod  in 
vibration ;  for  such  a  rod  must  vibrate  at  the  same  rate  in  all  directions. 

By  fastening  one  elastic  rod  at  right  angles  to  another  at  their  extremities  the  vibration  of  a 
point  in  three  dimensions  can  be  examined.    In  this,  as  in  the  former  cases,  the  position  of  the 

goint  at  any  given  time  can  be  calculated,  and  the  shape  of  its  path  determined  mathematically, 
ur  0.  Wheatstone  has  also  constructed  an  apparatus  for  illustrating  the  same  effects  when  a 
rigid  body  is  subjected  to  similar  impulses.  The  centre  of  a  ricid  rod  works  in  a  socket  joint, 
the  upper  end  carries  the  bright  bead,  and  the  lower  end  is  puued  backwards  and  forwards  at 
a  constant  rate  by  a  horisontal  rod.  Another  horizontal  rod  at  right  angles  to  the  first  also 
pushes  and  pulls  the  end  of  the  upright  rod.  The  two  horizontal  rtMLs  are  so  connected  together 
by  two  friction  wheels  at  right  angles  to  one  aaother  that  by  moving  one  wheel  toiwds  the 
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centre  of  the  other  any  disproportion  can  be  obtained  in  their  rates  of  rotation,  and  conseqnently 
in  the  rates  of  backward  and  forward  motion  of  the  horizontal  rods. 

KALEIDOSCOPE.  {koXos,  beautiful;  eidos,  form;  and  exoirew,  to  see.)  A  philosophical  toy 
invented  by  Sir  David  Brewster.  It  consists  of  a  tube  containing  two  plane  reflecting  surfaces 
along  its  whole  length,  inclined  at  an  angle  of  about  60*  to  each  other ;  at  one  end  is  a  small 
hole  to  look  through,  and  at  the  other  is  a  shallow  glass  cell  containing  fragments  of  coloured 
glass.  On  looking  through  the  tube  towards  the  light,  the  figure  in  which  the  pieces  of  coloured 
glass  happen  to  have  fallen  is  apparently  repeated  five  times,  forming  (with  the  original  figure)  a 
symmetrical  pattern.  By  turning  the  tube  round,  the  pieces  of  glass  tumble  into  different 
patterns,  forming  in  the  instrument  a  literally  endless  variety  of  83rmmetriGal  combinations. 
KAOLIN.    §ee  Silicates  of  Alumina. 

KATHIONS  (jcaTKin',  that  which  goes  down),  are  substances  which  during  electro- 
chemical deoompositions  go  to  the  kathode.  They  are  the  opposites  of  Anions  (which  see)  and  are 
equivalent  to  those  otherwise  named  electro-positive  bodies.  The  kathions  are  the  combustible 
bodies  or  bodies  which  correspond  to  hydrogen  and  the  metals.  Thus  water  is  decomposed  into 
hydrogen  and  oxygen,  of  which  hydrogen  is  given  off  at  the  kathode  and  in  the  kathion.  (See 
also  Electrolyte  and  Electrolysis.) 

KATHODE,  (irard,  downwards,  and  686s^  a  way,  the  way  which  the  sun  sets.)  The 
surface  at  which  the  current,  according  to  common  phraseology,  leaves  the  electrolyte  or  body 
tmdergoing  electro-chemical  decomposition.  Combustible  bodies,  metals,  alkalis,  and  bases  are 
evolved  there ;  it  is  opposite  to  Anode  (which  see). 
KAUS  AUSTRALIS.  (Arabic  and  Latin.)  The  star  e  of  the  constellation  Sagittarius. 
KEEPER  OF  2dAGNET.  A  piece  of  soft  iron  put  in  contact  with  the  poles  of  a  magnet 
while  not  in  use,  in  order  to  preserve  its  magnetism,  is  called  a  keeper.  In  the  case  of  a  horse- 
shoe magnet  the  keeper  consists  simply  of  a  bar  of  very  soft  iron,  laige  enough  to  stretch  from 
one  leg  to  the  other.  When  such  magnets  are  used  for  lifting  purposes  the  keeper  is  furnished 
with  a  hook  to  which  a  scale  pan  may  be  attached.  Bar  magnets  are  protected  with  keepers 
by  placing  two  or  more  of  them  side  by  side,  parallel  and  with  their  like  poles  turned  in 
opposite  directions ;  two  soft  iron  pieces,  one  at  each  end,  join  the  unlike  poles  of  a  pair  of 
m^nets  or  of  a  pair  of  bundles. 

KELNEE'S  EYE-PIECE.  A  negative  or  Huyghenian  eye-piece,  having  the  eyeglass 
achromatic.    (See  Negative  Eye-piece.) 

KEPLERIAN  SYSTEM.  The  Copemican  System,  (q.v.),  left  unexplained  a  number  of 
peculiarities  in  the  motions  of  the  planets.  It  may,  indeed,  be  gravely  questioned  whether  the 
theory  that  the  sun  is  the  centre  of  the  planetary  motions  would  have  gained  acceptance  amone 
astronomers  as  it  was  presented  by  Copernicus.  There  were  objections  to  it  which  seemed 
scarcely  less  serious  than  those  he  urged  against  the  Ptolemaic  system,  the  chief  being  that  it 
required  artificial  contrivances  to  account  for  the  planetary  motions.  It  was  to  such  contri- 
vances, ing^iious  combinations  of  circular  and  uniform  motions  around  centres  of  motion 
themselves  travelling  in  eccentric  but  circular  paths  around  the  sun,  that  Kepler  first  turned 
his  attention  in  endeavouring  to  establish  the  Copemican  theory  on  a  sound  bams.  Taking  the 
planet  Mars  as  the  most  convenient  for  his  purpose,  and  employing  a  series  of  observations 
of  that  planet  (made  by  Tycho  with  great  care,  to  establish  a  system  opposed  to  the  Copemican), 
Kepler  tried  one  arrangement  after  another,  but  faUed  to  account  to  his  own  satisfaction  for  the 
motions  of  the  planet.  At  length  the  idea  occurred  to  him  of  trying  elliptical  orbits,  traced  out 
according  to  different  laws  of  motion.  After  spending  in  all  more  than  a  score  of  years  over 
these  apparentiy  hopeless  and  unprofitable  researches,  he  at  length  lighted  on  the  laws  of  orbital 
motion  which  constitute  the  two  first  of  Kepler^ s  LawSj  {q.v.)  He  then  tried  to  find  a  law  associ- 
ating the  periods  and  distances  of  the  planets.  After  selecting  for  comparison  the  powers  of  the 
numbers  expressing  these  elements^  it  is  somewhat  remarkable  that  he  should  have  been  still 
unable  to  find  the  law  he  sought,  since  it  may  be  said  to  lie  upon  the  very  surface  of  the  rela- 
tions he  was  considering.  After  some  delay,  however,  he  succeeded  in  detecting  the  third  of 
the  laws  which  bear  his  name. 

It  should  be  noticed  that  the  modem  system  of  astronomy  deserves  far  better  to  be  called  the 
Keplerian  system  than  the  Copemican.  The  history  of  Kepler  affords  a  striking  illustration  of 
the  value  of  researches  into  numerical  relations  when  conducted  thoughtfully  and  perseveringly. 
It  is  not  too  much  to  say  that  but  for  Kepler,  Newton  would  in  all  probability  never  have  turned 
his  unequalled  powers  to  the  problems  presented  by  the  law  of  gravitation. 

KEPLER'S  LAWS.  A  term  used  by  astronomers  to  denote  certain  laws  defining  the 
motion  of  planetary  bodies,  and  discovered  by  John  Kepler,  an  astronomer,  bom  in  Wirtemb^ 
in  1 571.  Before  mis  time  the  system  of  Copernicus  had  been  established,  so  that  Kepler  knew 
that  the  apparent  motions  of  the  planets  might  be  explained  by  supposing  them  to  move  round 
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the  Ban  ;  but  it  was  assumed  that  the  paths  were  circles.  He  also  knew  from  observation  the 
proportion  of  the  distances  of  the  phinets  from  the  smi,  but  not  their  actual  distances.  He  had 
a  passion  for  discovering  analogies  and  harmonies  in  nature  after  the  manner  of  the  Fyths^ 
goreans  and  Flatooists.  After  immense  labour  and  an  infinity  of  trials  he  found  out  that  all 
appearances  could  be  accounted  for  and  easily  represented  by  supposing  all  the  planets  to  move 
hi  eUipses,  having  different  d^;rees  of  ellipticity  and  axes  in  different  directions,  the  sun 
being  in  the  focus  of  each.  'Again,  he  discovered  that  if  three  positions  of  a  planet  separated  by 
the  same  interval  of  time,  as,  for  instance,  a  day,  be  taken  and  lines  be  drawn  from  these  posi- 
tions to  the  sun,  then  the  areas  of  the  two  triangles  fonned  will  be  equal.  Kepler  also  worked 
out  the  rule,  that  if  we  square  the  number  of  days  in  the  time  of  each  of  the  planets  we  obtain 
quantities  which  are  in  the  same  proportion  as  the  numbers  obtained  by  cubing  their  means 
distances  from  the  sun.  These  laws  are  usually  stated  thus  : — 
i«  The  planets  describe  ellipses,  of  which  the  sun  occupies  a  focus. 

2.  The  radius  vector  of  each  planet  sweeps  out  equal  areas  in  equal  times. 

3.  The  squares  of  the  period  of  complete  revolution,  or  periodic  times  of  any  two  planets  are 
proportional  to  the  cubes  of  their  mean  distances  from  the  sun.    (See  Central  Forces.) 

KETONE.    See  Acetmie, 

KILOGRAMMETRE.  The  French  unit  used  in  estimating  the  mechanical  work  performed 
by  a  machine.  It  represents  the  work  performed  in  raising  a  kilogramme  through  a  metre  of 
space,  and  corresponds  to  7*233  foot-pounds.    (See  Foot-Pound.) 

KINEMATICS,  (miw,  to  move.)  A  branch  of  pure  mathematics,  which  treats  of  the 
motion  of  a  point  without  reference  to  the  forces  producing  the  motion  or  the  bodies  moved. 
(See  Dynamics.) 

KINETICS.    Qee  Dynamics;  Energy;  UnU  Kinetic. 

KIRCHHOFFS  THEORY  OF  THE  LINES  IN  THE  SOLAR  SPECTRUM.  Ac- 
cording to  Kirchhoff  the  black  lines  of  the  spectrum  are  caused  by  the  passage  of  light  through 
the  vapours  of  bodies  which,  by  themselves  would  give  bright  lines  in  the  same  position,  when 
incandescent ;  this  theoiy  is  generally  accepted.  (See  Fraunhofet's  Lines,  Artificial;  Reversal 
of  Sodium  Spectrum.) 

KOCHAB.    (Arabic.)    The  star  /3  of  the  constellation  Ursa  Minor. 

KOPP'S  LAW  OF  ATOMIC  VOLUMES.  A  kw  first  enunciated  by  Kopp  hi  1S42,  ao- 
coiding  to  which  liquids  belonging  to  one  homologous' series,  when  compared  with  the  corres- 
ponding liquids  in  other  collateral  homologous  series,  are  observed  to  have  like  differences  in 
their  atomic  volumes. 

KOPP'S  LAW  OF  BOILING  POINTS.  A  law  first  pointed  out  by  Kopp.  As  the 
number  of  atoms  of  the  group  C  H,  increases  in  an  organic  liquid  there  is  a  remarkable  regularity 
in  the  increase  of  temperatcure  required  to  produce  ebullition.  Thus,  in  the  compounds  of  methyl 
and  ethyl  every  increment  of  CH,  raises  the  boiling  point  about  36°  F.  (20**  C.) 

KORNEFOROS.    (Arabic.)    The  star  /3  of  the  constellation  Hercules. 

KYANOL.    See^ntZine. 


LABORATORY.  (Zahoro,  to  labour.)  A  laboratory  is  a  room  or  building  in  which  re- 
searches in  chenustxy  or  natural  philosophy  are  prosecuted,  or  in  which  those  sciences  are 
practically  taught.  Old  writers  employ  tiie  term  eldboratory,  and  it  is  obvious  that  this  word 
passes  by  an  easy  phonetic  change  into  our  present  word.  In  an  observatory  systematic  obser- 
vations are  made  of  external  obj^ts  or  phenomena ;  Nature  is  examined  precisely  as  she  presents 
herself  to  us,  and  is  not  subjected  to  any  of  the  operations  of  sdenoe.  In  a  laboratory,  on  the 
contrary,  toork  in  connection  with  physical  actions,  and  with  matter,  is  added  to  observation,  with 
a  view  to  the  better  elimination  of  error,  and  the  accumulation  of  just  result.  The  agencies 
which  produce  the  various  phenomena  of  the  Universe,  and  the  matter  with  which  they  associate 
themselves,  are  here  submitted  to  numberless  operations  ;  the  modes  of  action,  together  with 
the  intensity  and  duration  of  the  actions  are  varied ;  matter  has  abnormal  conditions  superinduced 
upon  it,  and  is  simultaneously  infiuenoed  by  divers  forces.  Endeavours  are  here  made  to 
wrench  asunder  the  molecules  of  some  bodies,  to  approximate  the  molecules  of  others,  to  curb 
and  restrain  intense  molecular  forces,  to  augment  those  which  are  weak.  In  fact,  a  labora- 
tory is  a  torture  chamber  in  which  matter  is  the  victim,  and  the  natural  philosopher  the  sworn 
torturer ;  the  fiery  ordeal  is  a  f  reouent  usage,  and  the  voltaic  battery  extorts  coiif  essions  with  a 
rack-like  vengeance.  '*  Occulta  Naturte"  says  Francis  Bacon  (who,  by  the  way,  was  the  last 
English  judge  to  use  the  rack),  **magis  se  produnt,  per  vexationcs  arUumf  quam  cum  cursu  sua 
meant," 
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Chemical  laboratories  are  more  common  tlian  physical  laboratories.  In  the  various  Earopean 
imiversities,  and  in  many  of  the  larger  schools,  both  kinds  of  laboratory  may  be  found  with 
lecture-rooms  attached.  Perhaps  the  finest  chemical  hbboratory  in  the  world,  is  that  recently 
erected  in  Berlin  at  a  cost  of  more  than  ;f  47,000.  Li  a  similar  institution  at  Bonn,  there  axe 
forty-four  rooms  on  the  ground-floor,  including,  among  others,  a  large  lecture-theatre,  a  smaller 
lecture-theatre,  a  chemical  and  mineralogical  museum,  a  library,  spedal  laboratories  for  fusions 
and  ignitions,  gas  analysis,  and  volumetric  analysis,  and  laboratories  for  students,  and  for  private 
research.  A  laboratory,  to  be  complete,  must  be  supplied  with  coal  gas,  and  water,  at  varioia 
pressures,  and  in  pipes  of  various  sizes ;  with  a  supply  of  sulphuretted  hydrogen  and  of  oxygen  gas ; 
with  an  extensive  supply  of  reagents,  and  with  apparatus  necessary  for  research  or  study  ;  that 
is,  with  the  various  appliances  by  which  matter  can  be  submitted  to  sundry  chemical  and  physical 
actions.  It  should  be  light,  lofty,  well  ventilated,  and  provided  with  closed  cupboaniB,  in 
which  substances  which  evolve  noxious  fumes  can  be  heated  and  experimented  with,  and 
through  which  pass  strong  currents  of  air  escaping  into  the  chimney.  A  Laboratory  should  have 
firm  and  deep  foundations,  and  thick  side-walls,  and  it  should  not  be  subjected  to  extremes  of 
temperature.  Copper  should  replace  iron,  as  completely  as  possible,  in  all  internal  fittings,  such 
as  nails  for  the  flooring,  hinges  and  bolts  of  doors,  &c.,  in  onier  that  msgnetic  experiments  mAj 
not  be  influenced  by  the  presence  of  iron. 

The  laboratories  of  the  Boyal  Institution  are  the  most  notable  in  this  country.  In  the 
chemical  laboratory  Sir  Humphry  Davy  tortured  the  alkaline  bases  so  successfully  that  they 
declared  their  compound  nature,  and  potassium  and  sodium  became  known  to  chemistry; 
here  too,  Faraday  discovered  benzole,  and  liquefied  many  of  the  gases  believed  to  be  per- 
manent. In  the  physical  laboratory  worked  Dr.  Thomas  Young  in  his  endeavours  to  prove 
the  truth  of  the  now  accepted  undulatory  theory  of  light ;  Fanuiay  elaborated  his  splendid 
series  of  electrical  researches ;  and  Tyndall  is  extending  otu*  knowledge  of  radiant  actions. 
Natural  science  has  now  beoome  so  thoroughly  a  part  of  the  school  curriculum,  that  we  are  not 
surprised  to  find  laboratories  at  some  of  our  larger  schools.  Eton,  Bugby,  and  Harrow  possess 
very  good  laboratories.  King's  College,  London,  and  the  Uzdversity  of  Glasgow  possess  good 
physical  laboratories,' which  are  far  more  rare  in  this  coimtry  than  chemical  laboratories,  but 
are  certainly  on  the  increase.  Such  of  the  Metropolitan  hospitaU  as  have  medical  schools 
attached  to  them,  possess  a  chemical  laboratory  for  students ;  that  at  St.  Bartholomew's  is 
specially  noticeable  for  its  size  and  convenience. 

LACERTA.  (The  Lizard,)  One  of  the  constellations  formed  by  Hevelius.  There  seems 
no  valid  reason  why  the  group  of  stars  forming  this  constellation  should  have  been  abstracted 
from  the  constellation  Andromeda,  to  which  they  originally  belonged.  It  is  easy  to  see  that 
the  ancients  recognised,  in  this  well-marked  group  of  stars,  the  rock  to  which  the  hands  of 
Andromeda  were  chained.  Lacerta  is  one  of  the  names  which  will  undoubtedly  be  removed 
from  our  maps  if  ever  astronomy  makes  an  effort  to  free  charts  from  the  complexities  which 
now  disfigure  them. 

LACTIC  ACID.  An  acid  existing  in  sour  milk,  and  also  obtained  by  fermentation  and 
otherwise.  It  is  a  colourless  syrupy  liquid,  inodorous  and  intensely  add.  Composition  Is 
C3H.OJ).    It  forms  a  well  crystallised  series  of  salts  with  bases. 

lS:VOGYRATE  and  dextrogyrate.  (Zanw,  left ;  dexter,  right ;  ^yro,  to  turn.) 
See  Right-handed  and  Left-handed  Polarieation, 

LiEVOTARTARIC  ACID.    See  Tartaric  Acid, 

L-^VULOSE.     See  Sugar. 

LAMP,  DOBEREINER'S.  In  Doberein^*s  lamp,  whose  object  is  the  production  of  an 
instantaneous  flame,  advantage  is  taken  of  the  power  which  spongy  jdatinunif  that  is,  platinum 
in  a  very  finely  divided  condition,  has  of  condensing  gases  at  its  surface,  and  thus  producing  an 
intense  heat.  Spongy  platinum  may  be  obtained  by  heating  very  strongly  the  double  chloride 
of  platinum  and  ammonium  (Pt  CI42H4NCI),  whereby  a  mass  of  black  powder,  which  is  metallic 
platinum,  is  left,  the  remainder  being  volatilised,  and  the  property  referred  to  is  this,  that  if  a 
jet  of  hydrogen,  mixed  with  oxygen,  be  allowed  to  fall  upon  a  small  pellet  of  the  powder,  the 
gases  are  condensed  at  its  surface  rapidly,  so  as  to  give  rise  to  heat  so  great  that  the  hydrogen 
takes  fire. 

The  following  is  the  construction  of  Dobereiner's  lamp.  A  glass  vessel  J  or  6  inches  high,  is 
three-quarters  fiUed  with  dilute  sulphuric  acid  ;  and  a  second  vessel,  shaped  like  a  diving  bell, 
dips,  mouth  downward,  two  or  more  inches  below  the  suriace  of  the  liquid.  Within  the  Hiving 
bell  is  suspended  a  lump  of  zinc,  by  means  of  which  and  the  sulphuric  add,  hydrogen  is  pro- 
duced, and  the  gas  as  it  is  generated  forces  the  liquid  downwards  by  its  pressure  so  that  when 
the  bell  is  full,  the  action  of  the  acid  on  tLe  zinc  ceases.  But  if  the  gas  be  drawn  off  the  liquid 
again  rises,  comes  in  contact  with  the  zinc  and  sets  up  fresh  action.    At  Uie  top  of  the  bell 
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there  is  a  small  tnbe  with  a  stop-cock,  and  when  the  cock  is  opened,  the  gaa  issues  from  the 
tube  ;  it  is  arranged  to  fall  upon  a  mass  of  spongy  platinum  at  a  short  distance  from  the  nozzle 
of  the  tube,  and  this,  as  we  have  explained,  becomes  heated  and  sets  fire  to  the  gas.  Thus  a 
flame  is  always  obtainable  at  will. 

LAMP,  ELECTRIC.  An  apparatus  in  which  the  intensely  brilliant  light  obtained  from 
the  voltaic  arc  is  made  use  of  as  an  illuminator.  It  is  much  used  for  the  display  of  optical 
experiments,  for  lecture  illustration,  and  for  such  purposes,  and  has  also,  to  some  extent,  been 
employed  with  success  for  the  illumination  of  lighthouses.  In  the  latter  case,  the  current  of 
electricity  necessary  is  obtained  from  a  magnetoneleetric  machine,  worked  by  a  steam-eogine ; 
and  it  appears  that  the  expense  of  fuel  necessary  is  not  greater  than  that  of  the  oil  which 
would  otherwise  be  burned,  while  the  light  is  much  greater  and  better.  As  is  explained  (see 
Light,  Electric),  when  a  current  is  caused  to  pass  between  two  points  of  carbon,  separated  by  a 
small  interval,  an  extremely  brilliant,  pure,  white  light  is  obtained,  owing  to  the  heat  produced 
at  the  carbon  points.  The  tips  of  the  carbon  attain  an  intense  white  heat,  and,  at  the  same 
time,  small  incandescent  particles  are  carried  bodily  between  the  poles,  part  of  which  are  burned, 
and  the  rest  transported  from  one  pole  to  the  other.  While  it  is  going  on  there  is,  owing  to  the 
burning  of  the  particles,  a  constant  wasting  of  the  carbons  ;  and  when  the  interval  between  the 
points  b€K)omefl  so  great  that  the  current  can  no  longer  pass,  the  light,  of  course,  ceases  altogether, 
and  is  not  renewed  till  the  points  are  again  brought  in  contact,  and  then  separated  once  more. 
The  object  in  the  electric  lamp  is  to  make  a  self-acting  airangement,  which  shall  always  keep 
the  points  at  such  a  distance  as  to  give  the  greatest  brightness,  and  still  not  allow  them  to  get 
so  far  apart  by  burning  away  that  the  current  ceases  to  pass.  This  is  by  no  means  an  easy 
matter,  for  the  greater  part  of  the  wasting  away  takes  place  in  the  carbon  attached  to  the 
positive  pole  of  the  battery ;  and  their  wasting  depends,  to  a  certain  eaitent,  on  the  goodness 
or  badness  of  the  carbon.  Hence  the  electric  light  is  very  frequently  imsteady  ;  and  even  if  it 
be  steady,  it  is  difficult  to  keep  the  bright  point  in  the  same  position,  with  regard  to  lenses  or 
other  optical  apparatus  that  may  be  in  use. 

The  best  method  of  maintaining  a  constant  light  is  perhaps  that  of  Duboscq,  in  which  the 
carbon  points  are  constantly  moved  nearer  to  each  other  by  means  of  clockwork.  The  positive 
carbon  proceeds  at  double  the  rate  of  the  negative  carbon,  by  means  of  a  rack  movement  with 
unequal  wheels.  The  points  are  thus  constantly  urged  forward,  and  would  touch  each  other 
were  it  not  for  the  following  arrangement : — The  current,  on  passing  between  the  points,  enters 
a  coil,  in  the  core  of  which  is  a  soft  iron  bar,  which  thus  becomes  a  temporary  magnet.  It 
attracts  a  keeper ;  and  to  the  keeper  is  attached  a  pin,  which  locks  into  a  ratchet  wheel,  and 
stops  the  clockwork.  The  points  are  then  stationary  as  long  as  the  current  is  passing ;  but  as 
soon  as  the  distanoe  between  the  points  becomes  so  great  that  the  current  can  no  longer  pass, 
the  iron  ceases  to  be  a  magnet ;  the  keeper  is  let  off,  and  the  clockwork,  again  thrown  into 
action,  the  points  then  move  up  a  short  distance.  Again  the  current  passes,  the  keeper  is  at- 
tracted, and  the  clockwork  locked ;  and  these  actions  occur  so  rapidly  in  a  good  apparatus,  and 
with  a  good  battery,  that  the  light  is  kept  sensibly  uniform.  The  light  is  generally  placed 
within  a  lantern,  furnished  with  lenses  and  openings  of  different  fonns  suitable  for  opticiEd  ex- 
periments. 

LAMP,  MONOCHROMATIC.    See  M<moehromaiie  Lamp. 

LAMP,  SAFETY.  A  lamp  devised  by  Sir  HumjAkry  Davy,  as  a  result  of  a  long  series 
of  investigations  into  the  nature  and  communication  of  flame,  which  will  bum  and  give  light  in 
the  explosive  atmosphere  of  a  coal-ndne,  without  setting  fire  to  the  explosive  gas  surrounding 
it.  Sir  H.  Davy's  researches  had  shown  him  that  the  flame  of  an  explosive  mixture  of  gas  and 
air  would  not  pass  through  long  narrow  tubes.  Upon  diminishing  tke  length,  and  increasing 
the  number  of  the  tubes,  the  flame  still  refused  to  pass,  until  he  ultimately  found  that  wire 
g-auze  was  sufficient  to  prevent  the  explosion  communicating  from  one  side  to  the  other.  He 
therefore  surrounded  an  oil  lamp  with  fine  wire  gauze,  and  found  that  sufficient  light  came 
through  the  gauze  to  enable  the  miner  to  work  by,  whilst  the  flame  was  unable  to  communicate 
ignition  to  the  explosive  fire-damp  in  which  it  might  happen  to  be  immersed  in  the  galleries  of 
a  coal-mine.  Many  improvements  in  detail  have  since  been  made,  but  the  principle  of  the 
aafety-lamp  now  in  use  is  the  same  as  that  of  the  one  first  made  by  Davy. 

LAMP,  VOLTA'S  ELECTRIC.  An  instrument  in  which  a  jet  of  hydrogen  is  kindled  by 
an  electric  spark.  It  consists  of  two  parted  one,  an  apparatus  for  generating  hydrogen  from 
sulphuric  acid  and  zinc,  in  which  an  arrangement  is  made  for  removmg  the  acid  from  contact 
wiik  the  zinc,  by  the  pressure  of  the  hydrogen  itself,  as  the  gas  is  generated.  Thus,  a  reservoir 
of  hydrogen  is  filled,  and  then  the  action  ceases.  To  the  reservoir  is  attached  a  stopcock,  by 
'which  the  hydrogen  can  be  allowed  to  jet  out,  and  the  handle  which  turns  the  stopcock  lifts,  at 
the  same  time,  by  means  of  a  wire,  the  top  plate  of  an  dectrophoma.    A  spark  is  brought 
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by  this  wire  to  paas  in  front  of  the  hydrogen,  which  has  began  to  iasae,  and  which  is  thus 
ignited. 

LAMINABILITT.     {Lamina,  a  thin  plate.)    See  MaOeaMlity. 

LANE'S  DISCHARGER,  (ELECTRIC).    See  DUcharger,  UnwenaL 

LANTHANUM.  (Xav^ayety,  to  lie  hid.)  A  metallic  element  occurring  with  cerium  and 
didymimn,  and  deriving  its  name  from  its  having  been  hidden  in  oxide  of  cerium,  which  was 
originally  supposed  to  be  the  oxide  of  a  single  metal  It  was  disco vered  by  Mosander  in  1839, 
and  in  1841  he  showed  that  his  lanthanum  of  1839  contained  another  metal,  which  he  cidled 
didymimn  (or  the  tmn).  The  separation  of  oxides  of  lanthanum  and  didymium  is  exceedingly 
difficult.  The  atomic  weight  of  lanthanum  is  92,  and  its  symbol  La.  When  pure,  its  salts 
are  quite  colourless,  but  a  trace  of  didymium  imparts  a  rose  tinge  to  them.  Metallic  lanthanum 
is  a  soft  malleable  white  metal  tolerably  pennanent  in  the  lur,  it  forms  a  protoxide  (La  O)  which 
uniting  with  acids,  f oims  colourless  crvstallisable  salts,  which  are,  for  the  most  part,  soluble  in 
water.    Lanthanum  also  unites  with  chlorine  and  the  elements  of  that  group. 

LAPIS  INFERNALIS.    See  NUraUs  ;  Nitrate  of  SUver. 

LARMES  BATAVIQUES.    See  Prince  Rupert's  Drops. 

LATHE.  A  machine  for  turning  wood,  ivory,  or  metals.  It  consists  of  two  parallel  shafts ; 
the  lower  one  of  which  forms  the  axle  of  a  large  wheel,  and  is  bent  at  one  point  into  a  crank, 
so  as  to  be  turned  by  a  treadle ;  the  upper  one  forms  the  axis  of  a  small  wheel  termed  a  mandreL 
A  cord  passes  round  the  large  wheel  or  mandrel,  so  that  the  rotation  of  the  former  produces  a 
rapid  motion  in  the  latter.  The  end  of  the  mandrel  spindle  has  a  screw  for  holding  the  material 
to  be  turned.  Before  the  screw  is  a  platform  or  rest  on  which  the  cutting  tool  is  placed.  The 
mandrel  is  usuallv  compound,  being  formed  of  three  or  more  grooved  wheels  of  different  sizes. 
One  revolution  of  the  large  wheel  will  prpduce  as  many  revolutions  of  the  small  wheel  as  the 
circumference  of  the  former  contains  that  of  the  latter,  or  as  the  diameter  of  the  first  contains 
the  diameter  of  the  second,  hence  when  a  very  rapid  motion  is  required  the  smallest  wheel  of 
the  mandrel  is  used.  When  the  treadle  Ib  worked  the  tool  which  is  pressed  against  the  body, 
and  held  firmly  on  the  rest,  cuts  out  a  circle,  and  by  varying  the  position  of  the  tool,  the  mate- 
rial is  reduced  to  the  required  shape.  The  lathe  is  a  very  ancient  instrument.  DiodoruB 
Siculus  mentions  it  as  an  invention  of  Talus ;  Pliny  ascribes  it  to  Theodorus  of  Samos,  and  men- 
tions one  Therides  as  having  rendered  himself  famous  by  his  dexterity  in  managing  the 
lathe.  

LATENT  HEAT.  {Lateo,  to  lie  hid.)  When  substances  pass  from  the  solid  to  the  liquid 
conditi<m,  and  from  the  liquid  to  the  gaseous  condition,  they  absorb  heat.  A  liquid  is  a  solid 
plus  heat ;  a  gas  is  a  liquid  plxu  heat.  The  heat  thus  absorbed  does  not  appear  as  sensible  heat^ 
but  is  consumed  in  conferring  potential  energy  upon  the  molecules.  It  thus  ceases  to  exist  as 
heat,  and  by  the  older  writers  it  was  considered  to  be  hidden  in  the  substance  to  which  it  was 
communicated,  and  hence  received  the  name  of  latent  heat.  Latent  heat  was  discovered  by 
Dr.  Black,  of  Edinburgh,  in  1760 ;  the  term  is  still  generally  retained  in  science,  although  the 
significance  of  it,  as  Black  understood  it,  has  passed  away. 

If  we  take  a  block  of  ice  possessing  a  temperature  of,  say  —  20**  C,  insert  within  it  a  ther- 
mometer, and  then  communicate  heat  to  the  ice,  we  shall  observe  that  th^  temperature  will  rise 
to  o**  C,  which  is  the  melting  point  of  ice,  and  wiU  remain  stationary  until  the  last  particle  of 
ice  has  been  melted.  Ice  at  o**  C.  becoifhes  converted  into  water  at  0°  C,  and  the  whole  of  the 
communicated  heat  has  been  absorbed  in  changing  the  condition  of  the  substance.  This  is 
called  the  latent  heat  of  liquefaction  ;  and  water  at  0°  C.  may  be  described  as  ice  at  0°  C.  plus 
the  latent  heat  of  liquefaction.  This  heat  has  been  consumed  in  overcoming  the  attraction  of 
the  molecules  of  ice,  and  in  causing  them  to  assume  di£Perent  relative  positions.  In  order  to 
liquefy  ice  an  amount  of  heat  is  requisite  sufficient  to  raise  an  equal  weight  of  water  through 
79*25"  0.  (or  142*65°  F.)  or  otherwise  expressed  to  raise  79*25  times  that  weight  of  water 
through  1°  C.  This  is  the  latent  heat  of  water,  and  it  has  been  variously  estimated  ;  according 
to  Lavoisier  and  Laplace,  it  is  135"  F. ;  Dr.  Black  estimated  it  at  140*^  F.  ;  Cavendish  sS 
150**  F. ;  and  De  la  Prevostave  and  Desains  at  142*65°  F. ;  it  may  be  safely  taken  as  between 
142°  and  143°  F.  If  a  pouna  of  ice-cold  water  (32"  F. )  is  mixed  with  a  pound  of  boiling  water 
(212°  F.)  the  temperature  of  the  resulting  mixture  will  be  122°  F.,  which  is  the  mean  of  the 
two  temperatures  {^+^  F.  =  122°  F.)    But  if,  on  the  other  hand,  a  pound  of  ice  at  32°  F. 

is  mixed  with  a  pound  of  boiling  water,  the  temperature  of  the  resulting  mixture  will  be  51°  F^ 
but  the  ice  will  be  melted.  In  the  one  instance  we  have  two  pounds  of  water  at  122°  F.,  in  the 
other  two  pounds  of  water  at  51°  F.  Now  122°  —  51  3b  71°  F.,  hence  the  absolute  difference 
in  the  amount  of  heat  is  that  competent  to  raise  two  pounds  of  water  through  71°  F.  or  one 
pound  through  142"  F.,  and  this  has  been  consumed  in  liquefying  the  pound  of  ice.  This  ex- 
periment may  be  modified  by  placing  a  pound  of  ice  at  32°  F.  in  a  poimd  of  water  at  1 74*65°  F., 
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when  the  ice  will  be  melted,  and  the  temperature  of  the  resulting  mixture  will  be  32*  F. 
Black  first  endeavoured  to  determine  the  latent  heat  of  water,  by  placing  ice  at  32°  F.  and 
water  at  32°  F.  in  an  atmosphere  of  the  same  temperature,  and  noticing  me  gain  of  heat  by 
each.  The  water  and  ice  were  placed  in  precisely  similar  yessels,  suspended  in  a  room  the 
temperature  of  which  was  64**  F. ;  in  half  an  hour  the  water  had  gained  J '2"  F.,  while  the  ice 
had  not  melted,  and  it  did  not  attain  the  same  temperature  before  the  lapse  of  lo^  hours, 
although  the  gain  of  heat  by  each  vessel  must  obviously  have  been  the  same  throughout. 
Hence  the  ice  had  required  10*5  x  2  =:  21  times  as  much  heat  to  melt  it  and  nuse  it  to  7*2°  F., 
as  was  necessary  to  raise  the  same  weight  of  ice-cold  water  to  7*2^  F.,  and  the  total  quantity  of 
heat  imparted  to  the  ice  was  therefore  21  x  7*2  =  151 '2%  7*2°  of  which  had  been  employed  in 
raising  the  temperature,  and  144^  in  fusing  the  ice. 

The  latent  heat  of  liquefaction  varies  with  the  nature  of  the  substance  ;  all  solids  which  can 
be  liquefied  by  heat  behave  like  ice  ;  thus  if  lead  is  heated  the  temperature  of  the  mass  will 
rise  until  it  attains  594^  F.,  when  the  lead  will  commence  to  fuse,  and  the  temperature  will 
remain  constant  until  eveiy  particle  is  fused.  The  latent' heat  of  fusion  is  an  expression  some- 
times used  to  denote  the  heat  thus  absorbed,  simply  because  liqwf action  is  generally  applied  to 
aolids  which  ordinarily  exist  in  the  liquid  form,  and  fusion  to  solids  which  usually  exist  in  the 
solid  form,  and  require  a  greater  or  less  elevdfeion  of  temperature  before  they  change  their  con- 
dition. M.  Person  has  determined  the  latent  heat  of  fusion  of  the  substances  contained  in  the 
following  table,  given  by  Lardner.  The  unit  expressing  the  latent  heat  is  the  amount  of  heat 
competent  to  raise  the  same  weight  of  water  from  32°  to  33°  F. 


Kames  of  Subttaaees. 

Fuaing 

points. 

Latent  heat 

for  unit  of 

weight 

Names  of  Substances. 

FnRing 
points. 

Latent  heat 

for  unit  of 

weight. 

C!hloride  of  caldnm, 
Phofphate  of  soda,  . 
Phosphonu,    .    .    . 
Bms'  wax,  .... 
Sttlphor,     .... 

83-3'  F. 

97-5 
ixx*6 

X43'6 
2390 

8a '43 

8-48 

78-3a 
x6'5z 

Tin 

Nitrate  of  loda,  .    . 

Lead, 

Zinc, 

4SS'o'J  F. 
5180 

639  6 
7934 

aS'74 
2? '32 

1x3-36 
9-27 

49  43 

Let  OS  next  consider  the  latent  heat  of  vaporisation.  When  water  is  heated  it  rises  in  tem- 
perature until  it  attains  the  boiling  point  (lOO**  C.  or  212°  F.)  On  continuing  to  heat  it  there  is 
no  further  rise  of  temperature,  but  the  water  is  converted  into  water-gas  or  steam.  The  heat, 
which  is  absorbed,  is  entirely  consumed  in  separating  the  molecules  of  water  against  their  own 
attraction,  and  the  pressure  of  the  superincumbent  atmosphere.  The  heat  thus  absorbed  is  called 
the  latent  heat  of  vaporisation,  and  steam  at  100''  C.  may  be  described  as  water  at  loo**  C.  plus 
the  latent  heat  of  vaporisation.  In  order  to  convert  a  given  weight  of  water  at  lOO**  C.  into 
steam  at  lOo"*  C.  an  amount  of  heat  is  requisite  sufficient  to  raise  an  equal  weight  of  water 
tluxnigh  537*2'*  G.  (or  967''  F.),  or  537*2  times  that  weight  of  water  through  i**  0.  This  is 
called  tiie  latent  heat  of  steam.  Any  given  weight  of  water  existing  as  steam  at  100°  C,  there- 
fore, contains  as  mudf  latent  heat,  as  would  raise  5*37  times  its  own  weight  of  water  from  ^e 
freezing  to  the  boiling  point.  This  may  be  roughly  shown  by  the  following  means.  Suppose 
we  have  a  vessel  containing  water  at  0°  C,  and  tiiat  we  heat  it  by  some  perfectly  uniform 
fionroe  of  heat,  and  note  the  time  at  which  the  water  commences  to  boil,  and  the  time  at  which 
it  is  entirely  converted  into  steam,  it  will  now  be  found  that  if  the  time  necessary  to  raise  the 
water  from  the  freezing  to  the  boiling  point  be  ropresented  by  i ;  the  time  necessaiy  to  convert 
it  from  water  at  lOO**  C.  into  steam  at  loo*"  G.  will  be  5*3  times  as  great. 

Now,  the  heat  which  is  rendered  latent  by  liquefaction  reappears  again  on  solidification ;  and 
the  heat  which  was  rendered  latent  by  vaporisation  reappears  again  on  liquefaction.  Heat  must 
he  abstracted  from  water  before  it  becomes  ice,  and  from  steam  before  it  can  become  water. 
The  heat  which  is  given  out  on  solidification  may  be  made  very  apparent  by  saturated  solutions 
of  salts.  If  we  supersaturate  water  with  sulphate  of  soda,  and  allow  the  solution  to  cool  In  a 
perfectly  still  place  and  in  a  closed  vessel,  the  solid  is  not  deposited ;  but  on  agitating  the 
Teasel,  or  introducing  a  crystal  of  the  sulphate,  solidification  at  once  commences,  and  the  latent 
lieat,  absorbed  durinff  the  liquefaction  of  the  solid  sulphate,  is  given  out,  and  is  quite  per- 
ceptible to  tiie  toudi.  By  using  saturated  solutions  of  acetate  of  soda,  Mr.  Tomlinson  Aas 
f  onnd  a  rise  of  ^mperature  of  no  less  than  67^  F.  on  the  solidification  of  the  substance. 

The  mechanical  value  of  latent  heat  is  very  considerable.  Tyndall  has  calculated  the  aotoal 
amoimt  of  work  represented  by  the  changes  which  water  undergoes  :— First,  when  8  lbs.  of 
oxygen  combine  with  i  lb.  of  hydrogen  to  form  9  lbs.  of  steam ;  secondly,  when  the  9  lbs.  of 
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steam  give^ap  their  latent  beat  and  become  9  lbs.  of  water ;  thirdly,  when  the  9  lbs.  of  water 
give  up  their  latent  heat  and  become  9  lbs.  of  ice.  The  &cat  he  reckons  as  mechanical  work 
equal  to  the  raising  of  47,ooo,ocx>  pounds  one  foot  high ;  the  rest  we  will  give  in  his  own  words  : 
— **  After  combination,  the  substance  is  in  a  state  of  vapour,  which  sinlcs  to  loo**  C,  and  after- 
wards condenses  to  water.  In  the  first  instance,  the  atoms  fall  together  to  form  the  compound ; 
in  the  next  instant  the  molecules  of  the  compound  fall  together  to  form  a  liquid.  The 
mechanical  value  of  this  act  is  also  easily  calculated  :  9  lbs.  of  steam,  in  falling  to  water  seno- 
rate  an  amount  of  heat  sufficient  to  raise  537*2  x  9  =  4,835  lbs.  of  water  i"  C,  or  967  x  9  =  s^  703 
lbs.  I*"  F.  Multiplying  the  former  number  by  1390,  or  the  latter  by  772,  we  have,  in  round 
numbers,  a  product  of  6,720,000  foot-pounds,  as  the  mechanical  value  of  the  mere  act  of  oon- 
densation.  The  next  great  fall  is  from  the  state  of  liquid  to  that  of  ice,  and  the  mechanical 
value  of  this  act  is  equal  to  993,564  pounds.  Thus  our  9  pounds  of  water,  at  its  origin  and 
during  its  progress,  falls  down  three  great  precipices  :  the  first  fall  is  equivalent  in  energy  to 
the  descent  of  a  ton  weight  down  a  precipice  22,320  feet  high  ;  the  second  fall  is  equal  to  that 
of  a  ton  down  a  precipice  2,900  feet  high  ;  and  the  third  is  equal  to  the  fall  of  a  ton  down  a 
precipice  433  feet  high.  I  have  seen  &.e  wild  stone  avalanches  of  the  Alps,  which  smoke  and 
thunder  down  the  declivities  with  a  vehemence  almost  sufficient  to  stun  the  observer.  I  have 
also  seen  snow-flakes  descending  so  softly  as  not  to  hurt  the  fragile  spangles  of  which  they  were 
oomposed,  yet  to  produce,  from  aqueous  vapour,  a  quantity,  which  a  child  could  carry  of  that 
tender  material,  demands  an  exertion  of  energy  comi)etent  to  gather  op  the  shattered  blocks  of 
the  largest  stone  avalanche  I  have  ever  seen  and  pitch  them  to  twice  the  height  from  which 
they  feU." — Heat,  a  Mode  of  Motion.  (See  also  Specific  Heat;  Internal  Work  of  a  Mom  of  Matter.) 

LATERAL  SHOCK.  A  name  given  to  an  ^ect  of  electrostatic  induction,  whereby  a  shock 
is  experienced  by  a  person  standing  near  where  a  powerfully  charged  battery  of  Leyden  jais  is 
discharged, 

LATITUDE.  {Latitudo,  breadth.)  In  astronomy  the  term  latitude  is  used  in  two  different 
senses.  The  latitude  of  a  star  or  planet  is  its  distance  from  the  ecliptic,  measured  on  the  arc 
of  a  great  drcle  passing  through  the  poles  of  that  circle.  But  the  most  important  use  of  the 
term  latitude  in  astronomy  is  that  which  has  reference  to  terrestrial  or  geographical  latitude, 
the  observations  for  determining  the  latitude  of  a  place  on  the  earth's  surface  entering  largely 
into  the  work  of  the  astronomer.  The  terrestrial  latitude  of  a  station  is  the  distance  of  a  {uace 
from  the  equator,  measured  by  the  angle  which  the  horizon-plane  of  the  place  makes  with  the 
euth's  axis,  or  (which  is  the  same  thing)  by  the  real  elevation  of  that  pole  of  tiie  heavens  which 
is  visible  at  the  place. 

The  latitude  of  a  place  is  determined  in  several  ways  by  the  astronomer. 

First,  by  observing  the  elevation  of  the  pole  star,  corrected  for  the  effects  due  to  the  motioQ 
of  this  star  around  the  real  pole  of  the  heavens. 

Again,  the  latitude  of  a  place  may  be  determined  bv  observing  the  elevation  of  any  known 
star  when  on  the  meridian  ;  for  we  have  only  to  add  tne  observed  meridional  elevation  to  the 
north  polar  distance  of  the  star  (which  is  known),  and  to  deduct  the  sum  from  iSo%  in  order 
to  leam  the  elevation  of  the  pole, — ^that  is,  the  latitude. 

Thirdly,  the  latitude  may  be  determined  by  observing  the  meridional  altitude  of  circumpolar 
stars  above  and  below  the  pole,  the  mean  of  these  altitudes  being  obviously  the  altitude  of 
the  pole, — that  is,  the  latitude. 

FourUdy,  an  extra-meridional  observation  of  a  star's  altitude  at  a  known  hour  gives  the 
means  of  determining  the  latitude,  because,  knowing  (i)  the  polar  distance  of  the  star,  (2)  the 
zenith  distance  at  the  time,  and  (3)  the  hour  angle,  spherical  trigonometry  shows  us  how  to 
determine  the  remaining  elements  of  the  spherical  triangle  having  the  star,  the  zenith,  and  the 
pole  of  the  heavens  at  its  angular  points.  One  of  these  elements  is  the  zenith-distance  of  the 
pole,  or  the  co-latitude. 

Fifthly,  the  latitude  can  be  detennined  by  observations  of  a  star's  altitude  when  on  the  prime 
vertical,  the  results  being  more  exact  if  the  observation  is  made  with  a  carefully  oriented  port- 
able tnmsit  instrument^  the  star  being  observed  both  during  its  eastern  and  western  passages 
of  the  prime  verticaL 

Another  method,  called  Sumner's,  depends  on  altitude  observations  made  at  intervals  of  an 
hour  or  two. 

In  all  these  methods,  each  observation  must  be  carefully  corrected  for  atmospheric  re* 
fraction,  &c. 

Lastly,  the  latitude  of  a  station  may  be  found  by  observing  the  meridian  altitude  of  the  son 
at  the  time  of  the  winter  or  summer  solstice,  and  adding  or  subtracting  the  obliquity  of  the 
ecliptic  to  obtain  the  sun's  meridian  altitude  at  an  equinox.  This  altitude  is  clearly  equal  to  the 
co-latitude  of  the  place. 
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LATERAL  PEESSUHE  07  LIQUIDS.  It  ib  clear  that,  dnce  liquids  tiansmit  pressure 
equally  in  all  directions  (see  Pressure  through  Liquids),  if  we  examine  the  pressure  on  a  very 
small  unit  of  surface  at  the  edge  of  the  base  of  a  vessel  containing  liquid,  and  that  on  the  neigh- 
bouring unit  of  surface  on  the  side,  these  pressures  must  be  equa(  and  each  equal  to  the  weight 
of  the  column  of  liquid,  having  for  base  the  unit  of  surface,  and  for  height  the  depth  of  the 
liquid.  If  we  draw  an  unaginary  plane  through  the  liquid,  horizontally,  at  any  depth,  it  is 
manifest  that  the  liquid  beneath  this  plane  acts  towards  the  liquid  above  it  precisely  like  a  rigid 
bottom,  receiving  pressure  from  above,  and  resisting  that  pressure  by  dint  of  the  support  it 
receives  from  below.  Accordingly,  every  unit  of  surface  of  such  a  plane,  and,  therefore,  one  at 
the  edge  is  pressed  by  a  column  of  liquid  reaching  from  the  plane  to  the  upper  surface ;  so, 
also,  is  the  neighbouring  unit  of  surface  on  the  vessel's  side.  Since  the  weight  of  such  oolumna 
vazy  directly  with  their  height,  it  follows  that  the  pressure  on  a  unit  of  surface  of  the  side  of  a 
vessel  varies  with  the  depth  of  that  unit  from  the  surface ;  such  pressure  being  nothing  at  the 
surface ;  the  weight  of  a  column  equal  to  the  vessel's  depth,  at  the  bottom ;  half  this  half-way 
down,  and  so  on.  Dykes  and  embankments  which  have  to  resist  the  pressure  of  masses  of 
deep  water  have  accordingly  to  be  made  thicker  towards  the  bottom. 

LAW  OF  EXCHANGES.    See  Exchanges,  Law  of;  and  Spectrum  Analysis. 

LAWS  OF  FRICTION,  i.  When  the  materials  composing  the  surfaces  in  contact  remain 
the  same,  the  friction  is  proportional  to  the  pressure.  2.  Friction  is  independent  of  the  extent 
of  the  surfaces  in  contact.  3.  When  the  body  is  in  motion,  the  friction  is  independent  of  the 
velocity.    (See  Friction.) 

LAWS  OF  MOTION.  Three  mechanical  maxims  which  were  embodied  by  Newton  in 
three  formularies,  and  termed  by  him  the  Laws  of  Motion.  They  have  attained  great  celebrity 
in  the  histoiy  of  mechanical  science,  and  although  they  have  lost  much  of  their  importance  in 
consequence  of  the  more  general  diffusion  of  the  principles  of  the  inductive  sciences,  yet  they 
are  entitled  to  notice,  together  with  illustrations  of  the  kind  of  evidence  on  which  their  truth 
depends. 

Law  L  Every  body  continues  in  its  state  of  rest,  or  of  uniform  speed  in  a  straight  line,  except 
in  so  far  as  it  may  be  compelled  by  impressed  forces  to  change  that  state. 

If  a  stone  be  projected  along  a  level  road,  the  speed  with  which  it  leaves  the  hand  will  not 
be  maintained,  but  will  be  gradually  diminished,  until  finally  the  stone  will  stop  in  its  course. 
If,  instead  of  the  road,  the  frozen  surface  of  a  lake  be  chosen,  the  same  stone  thrown  with  the 
same  force  will  travel  much  farther  on  the  ice  than  on  the  road.  And  if,  instead  of  the 
irregular  stone,  we  roU  a  smooth  ball  of  ivory  on  the  ice,  the  distance  traversed  will  be  greater 
stilL  It  is  evident,  therefore,  that  the  stone  is  gradually  stopped  by  the  resistances  it 
encounters.  Similarly,  whenever  a  body  ceases  to  move,  it  does  so  because  its  motion  is 
destroyed  by  the  resistances  it  meets  with.  The  more  we  diminish  these  resistances,  the  longer 
and  the  farther  will  the  body  move  ;  and,  consequently,  if  we  imagine  that  they  are  all  sup- 
pressed, we  shall  be  led  to  the  conclusion  that  the  body  under  these  drctunstances  would  con- 
tinue to  move  for  an  indefinite  length  of  time  ;  in  other  words,  that  a  body  cannot  of  itself 
alter  its  speed,  nor  can  it  change  the  direction  of  its  motion.  If  no  obstacle  be  encountered  in 
its  course,  the  ivoxy  ball  thrown  on  the  ice  will  turn  neither  to  the  right  nor  the  left.  It  is 
true  that  a  stone  thrown  into  the  air  returns  to  the  ground,  but  this  is  because  its  weight  tends 
constantly  to  bring  it  to  the  earth.  Conceive  the  weight  and  the  resistance  of  the  air  removed, 
and  the  stone  will  continue  to  move  in  a  straight  line  with  luuform  speed. 

Thus  it  is  evident  that  when  a  body  is  not  acted  upon  by  any  external  agent,  if  it  be  at  rest 
it  will  remain  so,  and  if  it  be  in  motion  it  will  continue  to  move  in  the  same  straight  line  with 
uniform  speed. 

Law  II.  Change  cf  motion  is  proportional  to  the  impressed  force,  and  takes  place  in  the  direc- 
tion of  the  straight  line  in  which  the  force  acts. 

When  a  person  is  on  board  a  boat  which  is  moving  uniformly  along  a  stream,  any  movement 
he  makes  produces  exactly  the  same  effect  as  if  the  boat  were  at  rest.  When  a  stone  is  let  fall 
from  a  point  on  land  it  f sJls  in  the  direction  of  the  vertical,  and  when  a  stone  is  let  fall  from 
the  mast  of  a  ship  in  motion,  it  reaches  the  deck  at  the  point  vertically  below  the  starting 
point.  Now  the  stone  falls  from  the  mast  to  the  deck  in  the  same  time  whether  the  vessel  be 
at  rest  or  in  motion  ;  again,  if  the  vessel  passes  horizontally  through  any  distance,  three  feet 
suppose,  during  the  fall  the  stone  also  passes  through  three  feet  horizontally— that  is,  through 
the  same  space  as  it  would  have  passed  through  h»d  it  remained  at  the  top  of  the  mast.  We 
conclude,  therefore,  that  the  horizontal  motion  due  to  the  velocity  of  the  vessel,  and  the  vertical 
motion  due  to  the  attraction  of  the  earth,  have  each  their  full  effect  in  Uieir  own  direction — 
that  is  to  say,  in  the  resultant  motion  the  stone  is  displaced  horizontally  in  a  oertain  time, 
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exactly  as  if  its  vertical  motion  did  not  exiflt,  and  it  ib  displaced  yerticaUy  in  the  same  time  as 
if  its  horizontal  motion  did  not  exist. 

On  the  First  and  the  Second  Laws  the  theory  of  the  motion  of  the  heavenly  bodies  Is  based, 
and  the  miiform  agreement  of  the  dedactions  from  these  laws  and  observations  in  astronomy 
is  one  of  the  strongest  confirmations  of  their  truth. 

Law  IIL  To  every  action  there  it  alwayi  an  equal  and  contrary  reaction,  or  the  mutual 
actions  of  any  ttoo  bodies  are  always  equal  and  oppositely  directed  in  the  same  straight  line. 

When  the  pressure  of  one  bodypxtxluces  the  motion  of  another,  the  first  is  pressed  back  by 
the  second  with  an  equal  force.  When  the  hand  presses  the  table,  the  hand  is  pressed  by  the 
table  with  an  equal  force  in  the  opposite  direction.  When  a  force  drives  a  ball  &om  a  cannon, 
an  equal  force  acts  on  the  cannon  in  the  opposite  direction. 

The  law  last  enunciated  is  Newton*s  Third  Law ;  it  is  usual  now  to  rive  as  the  Third  Law 
the  following  principle  which  is  an  extension  of  tiie  Second  Law : — When  pressure  produces 
motion,  tke  accdcration  varies  directly  as  the  pressure,  and  inversely  as  the  mass  moved.  (See 
MasSj  and  Attwood^s  Machine.) 

LEAD.  A  metallic  element,  atomic  weight  207,  symbol  Fb.,  from  its  Latin  name  Plumr' 
hum.  It  was  known  to  the  ancients,  and  very  rarely  occurs  native  ;  it  is  of  a  bluish  gray  colour, 
very  soft  and  sectile,  and  easily  rolled  out ;  its  tenacity  is  veiy  slight ;  rubbed  upon  psigm  it 
leaves  a  streak.  A  freshly  cut  surface  is  very  brilliant,  but  it  rapidly  tarnishes.  Lead 
oystallises  in  octahedrons  ;  its  specific  gravity  in  the  pure  state  is  11*44;  1^  melts  at  about 
325**  C.  (61 7*"  F.),  and  volatilises  at  a  red  heat ;  when  melted  it  rapidly  oxidises,  the  oxide  fonning  a 
yeUow  powdery  coating ;  at  a  higher  temperature  the  oxide  melts  and  protects  the  metallic  sur- 
face from  further  action.  Lead  is  easily  reduced  to  the  metallic  state  by  heating  Its  oxygen 
compounds  with  a  reducing  agent,  sudi  as  carbon.  The  ores  of  lead  may  be  divided  into  oxidked 
ores  and  the  sulphide  ;  from  the  latter,  or  Galena,  most  of  the  lead  of  commerce  is  obtained.  The 
oxidised  ores  are  the  oar6onate  of  lead  or  eerusite,  which  occurs  in  white  fibrous  ciystals,  the 
sulphate  of  lead  or  AngUsile  which  also  occurs  in  crystaLs,  the  phosphate  of  lead  or  pyromorpkite, 
wMch  frequently  occurs  massive,  and  the  arseniate  of  lead,  ^ese  ores  are  mixed  with  coal  or 
coke  and  a  suitable  substance  to  form  a  ihix  with  tiie  gangue,  and  the  whole  is  then  heated 
either  inreverberatory  or  cupolafumaces,  whenreduction  speedily  takes  place,  and  the  meltedmetal 
runs  from  the  tap-hole.  Galena  is  reduced  by  roasting  the  ore  in  a  reverberatoiy  furnace  until 
it  becomes  partially  converted  into  oxide  or  sulphate.  He  admission  of  air  is  then  stopped,  and 
the  partially  roasted  ore  is  heated  more  strongly,  when  the  absorbed  oxygen  reacts  upon  the 
remaining  sulphur  and  forms  sulphurous  add,  t^  lead  flowing  off  in  the  metallic  state.  In  this 
state  the  lead  is  not  pure,  but  requires  refining.  Amongst  the  other  metals  present^  the  mo0t 
important  is  silver,  which,  owing  to  its  great  commercial  value,  is  always  separated  as  completely 
as  possible,  by  a  process  known  as  Pattinson^s  process,  or  the  desilverisation  process. 

Pattinson's  desilverisation  process  depends  upon  the  veiy  simple  fact  that  lead  containing 
silver  solidifies  after  melting  at  a  lower  temperature  than  pure  lead,  and  that  when  the  meltel 
lead  cools,  the  portions  which  solidify  first  contain  more  ralver  than  the  portion  which  remains 
liquid,  llie  operation  is  carried  on  somewhat  in  the  following  manner :  A  row  of  about  ten 
large  iron  cauldrons,  each  capable  of  holding  several  tons  of  lead,  is  arranged  with  furnaces 
beneath.  One  near  tiie  middle  is  filled  with  melted  lead,  which  is  then  allowed  to  cool  gradually  ; 
being  constantiy  stirred  with  a  perforated  ladle ;  the  ciystals  which  first  separate  areladled  out 
and  transferred  to  the  next  pot,  on  the  right,  whilBt  the  pottion  which  remains  liquid  lonsest  is 
transferred  to  the  pot  on  the  left ;  in  this  manner  a  rough  separation  of  the  lead  is  effected  into 
a  richer  and  a  poorer  portion.  Fresh  lead  is  then  added  to  the  centre  pot,  and  the  operation  is 
repeated ;  as  the  pans  on  the  right  and  left  get  filled  other  workmen  are  occupied  in  the  same 
manner  with  them,  ladling  out  the  argentiferous  crystals  to  the  right,  and  the  poor  liquid  lead 
to  the  left.  In  this  manner  all  the  pans  get  filled,  and  workmen  being  in  front  of  each  there 
is  a  constant  circulation  of  argentiferous  lead  to  the  right,  and  of  poor  lead  to  the  left,  the  end 
pan  to  the  right  ultimately  getting  all  the  silver,  and  the  end  pan  to  the  left  getting  the  de- 
silverised  lead.  In  this  manner,  a  lead  which  did  not  originally  contain  more  than  a  few  ounces 
of  silver  to  the  ton  becomes  enridied  up  to  200  or  300  ounces  to  the  ton.  The  silver  is  then  sepa- 
rated from  this  rich  lead  by  the  process  of  cupdlation  (which  see). 

Oxides  of  Lead,  The  principal  oxides  of  lead  are  the  following : — 
'  Protoxide  of  Lead.  (PbO.)  This  is  met  with  in  commerce  under  the  names  of  litharge  and 
massicot,  according  to  tiie  mode  of  preparation,  and  the  physical  appearance.  It  is  a  pale  yel- 
low or  reddif^  crystalline,  scaly  mass,  of  spedfic  gravity  9*3,  melting  at  a  red  heat  to  a  daik  red 
liquid ;  it  dissolves  in  adds  forming  salts,  which  are  usually  very  cmtalline ;  for  a  description 
of  the  most  important,  see  the  respective  adds.  Protoxide  of  lead  is  soluble  to  a  veiy  s^gfat 
extent  in  pure  water,  but  its  solubility  is  diminished  by  the  presence  of  salts,  such  as  sulphates^ 
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whose  acids  f onn  an  iuBolnUle  compound  with  oxide  of  lead.    Oanstio  alkalies  also  dissolve  it. 
A  hydrated  oxide  of  lead  may  be  prepared  by  precipitation. 

Bed  Oxide  of  Lead  {Fhfi^,  known  also  as  tid  lead  or  miniuhh^  is  a  scarlet  crystalline  powder 
of  specific  gravity  from  8  '6  to  9  ;  it  is  extensively  used  as  a  pigment,  and  in  the  manufacture  of 
flint  glass.  It  acts  as  a  powerful  oxidising  agent»  being  reduced  by  many  reducing  agents  to 
the  state  of  protoxide.    This  oxide  does  not  form  salts. 

Per<x3kde  of  Lead  (PbOA  is  a  puce-brown  powder  very  easily  deoamposed  by  bodies  capable 
of  uniting  with  oxygen.  Some  organic  substances,  indeed,  take  fire  when  added  to  it.  It 
forms  crvstalline  compounds  with  bases,  and  is  on  this  account  sometimes  called  plumbic  acid. 

CMonde  of  Lead  (FbCl,),  a  white  crystalline  body  formed  when  a  soluble  chloride  is  mixed 
with  a  soluble  proto-salt  of  lead.  It  dissolves  in  135  parts  of  cold  water ;  it  is  more  soluble  in 
hot,  and  crystaUises  in  long  needles  on  cooling.    It  melts  below  a  red  heat. 

LEANING-TOWKRS.  The  permanency  of  leaning-towers,  of  which  those  at  Fisa  aad 
Bologna  are  the  most  celebrated,  depends  on  the  fact  that  notwithstanding  their  considerable 
deviation  from  the  vertical,  the  vertical  through  the  centre  of  gravity  still  falls  within  the 
base.  (See  Centre  of  Gramty ;  Equilibrium,)  The  tower  of  Bologna  is  134  feet  high,  and  a 
plumb-Une  suspended  ^m  the  top,  from  the  side  on  which  the  indination  exists  would  touch 
the  earth  at  9  feet  2  inches  from  tiie  base ;  in  the  case  of  the  tower  of  Pisa  315  feet  high,  the 
plumb-Une  would  touch  the  ground  at  12  feet  4  inches  from  the  base. 

LELAP  TEAB.  The  name  given  in  England  to  eveiy  year  in  which  there  are  366  days. 
(See  BiesextOe.)  The  derivation  of  the  term  has  been  disputed ;  but  there  seems  littie  reason 
to  doubt  that  such  a  year  is  called  leap-year  because  all  dates  for  one  year  after  Febmary  29th 
fall,  not  as  usual  on  the  day  of  the  week  next  following  that  on  whic^  they  had  fallen  in  the 
preceding  year,  but  on  the  next  day  but  one. 

LEIDENFROSrS  EXPERIMENT.  It  was  observed  by  Leidenfrost  that,  If  a  drop  of 
water  is  placed  on  a  red-hot  surface,  it  assumes  the  form  of  a  more  or  less  fiatt^Md  spheroid, 
and  evaporates  without  ebullition.  The  spheroid  in  this  condition  does  not  touch  the  metalllo 
surface,  but  it  floats  on  a  layer  of  its  own  vapour,  and  evaporates  rapidly  from  its  exposed  sur- 
face. It  is  heated  mainly  by  radiation  from  the  Ikot  surface,  because  conduction  is  impossible^ 
smce  the  spheroid  is  not  in  contact  with  the  hot  surface^  and  the  layer  of  intervening  vapour 
conducts  heat  very  feebly.  The  absorbed  heat  is  almost  entirely  requiied  for  the  rapid  evapo- 
ration which  takes  place  from  the  liquid.  This  is  known  as  evaporatum  in  the  tpkertddal  con- 
diiion.  There  are  nimierouB  examples  of  this  action.  If  a  snudl  metallic  ball  be  heated  t^ 
whiteness,  and  placed  on  the  surface  of  water,  it  floats  for  a  few  seconds  until  the  temperature 
has  been  lowered  to  such  an  extent  that  the  water  comes  in  contact  with  it,  when  it  instantly 
cools  down  and  sinks.  Again,  in  burning  iron  in  oxygen  gas,  it  may  often  be  noticed  that  the 
white-hot  globules  of  oxide  fall  through  a  layer  of  one  or  two  inches  of  water,  retaining  mean- 
while their  high  temperature,  which  is  proved  by  the  fact  that  they  sometimes  fuse  themsdves 
into  the  earthenware  dish  on  which  the  jar  of  oxygen  stands.  A  ready  mode  of  showing  the 
n>heroidal  condition  is  to  heat  a  platinum  dish  to  redness,  and  then  introduce  a  little  water ; 
the  latter  immediately  spreads  out,  and  assumes  a  more  or  less  star-like  form,  which  is  in  con- 
stant motion  while  it  evaporates.  If  the  lamp  is  removed,  the  temperature  of  the  didi  falls, 
until  suddenly  a  loud  hisdn^  is  heard,  then  a  doud  of  vapour  rises,  which  proves  that  the  sphe- 
roid has  come  in  contact  with  the  hot  surface,  and  has  entered  into  momentary  and  violent 
ebullition.  That  the  spheroid  is  not  in  contact  with  the  heated  surface  has  been  proved  by  the 
fact,  that  the  light  of  a  candle  can  be  seen  through  the  thin  layer  of  vapour  which  separates  the 
spheroid  from  the  hot  surface,  while  no  light  could  pass  through  the  blackened  and  opaque 
spheroid.  Moreover,  nitric  add  assumes  the  spheroidal  condition  on  a  plate  of  hot  copper  or 
silver  without  acting  upon  it.  M.  Boutigny  has  proved  that  the  temperature  of  a  liquid  in  the 
spheroidal  state  is  uways  below  its  boiling  point.  The  liquid  never  attains  this  temperature 
so  long  as  it  is  not  in  contact  with  the  suirface.  A  liquid  requires  that  the  surface,  upon  which 
it  assumes  the  spheroidal  condition,  should  possess  a  certain  temperature,  definite  for  each  liquid, 
and  decreasing  as  the  volatiliW  of  the  liquid  increases.  M.  Boutigny  has  placed  this  tempera- 
ture in  the  case  of  water  at  288**  F.,  and  in  the  case  of  ether  at  142**  F.  A  solid  smiboe  is  un- 
necessary, for  one  liquid  may  assume  the  spheroidal  state  upon  another.  If  liquid  sulnhnrous 
add,  wmch  boQs  at  17*6**  F.,  is  placed  in  a  white-hot  capsule,  it  assumes  the  sptheraidBi  condi- 
tion, and  evaporates  dowly ;  if  now  water  is  added,  it  is  Instantly  frozen  In  the  white-hot  cap- 
sule. Faraday  varied  this  experiment  b^  freezing  mercury  In  a  ^dixte-hot  crudble,  containing 
a  mixture  of  ether  and  liquid  carbonic  acid,  whidi  evaporates  in  the  spheroidal  condition  at  a 
temperature  of  about— 150**  F.  The  fonnation  of  a  layer  of  non-oonducting  vapour  between  a 
hot  surface  and  a  liquid  explains  why  it  is  possiblA  to  dip  the  wet  hand  Into  moltea  iron  with 
impunity. 
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LENS.  {LejUiSf  the  lentil,  so  called  from  its  shape. )  A  lens  is  a  pieoe  of  glass,  rock  crystal, 
or  other  transparent  substance,  bounded  on  one  side  by  a  polished  spherical  surface,  and  on  the 
other  by  a  spherical  or  plane  surface.  Lenses  refract  the  rays  of  light  which  pass  through  them, 
either  bringing  them  to  a  focus,  if  they  are  converging  lenses,  or  spreading  them  out  if  they  are 
diverging  lenses.  Lenses  may  be  spherical,  douJble  convex^  piajuhconvex,  double  concave,  plano- 
concavCj  menitcus^  and  concavo-convex,  each  of  which  is  described  under  its  separate  heading.  (See 
aiao  Achromatic  Lens;  ApUmattcLens;  Polygonal  Lens ;  Burning  Lens;  FresneTs  Lens.)  Convex 
lenses,  which  bring  the  parallel  rays  of  light  to  a  focus,  form  an  image  of  any  object  which  is 
in  front  of  them.  If  the  object  is  removed  from  the  lens  one  and  a  hxdf  times  its  focal  distance, 
the  ima^  is  projected  the  same  distance  behind  it,  and  will  be  of  the  natural  size ;  if  the  object 
is  brou^t  nearer,  the  image  will  be  magnified,  and  if  removed  further,  off  the  image  will  be 
diminished.  By  employing  a  lens  of  long  focus,  and  magnifying  this  image  by  another  lens  of 
short  focus,  we  have  the  principle  of  the  telescope,  and  by  employing  a  lens  of  very  short  focus, 
and  magnifying  the  enlarged  image  which  it  gives  by  another  short  focussed  lens,  we  have  the 
principle  of  the  compound  microscope. 

Panllel  rays  of  light  falling  on  conveiging  lenses  are  brought  to  a  focus,  and  if  a  source  of 
light  is  placed  in  the  principal  focus,  the  rays,  after  passing  through  the  lens,  are  made 
parallel. 

LENS  BURNING.    See  Burning  Lens. 

LENS,  ILLUMINATING.     See  lauminaHng  Lens. 

LENS,  PRINCIPAL  FOCUS  OF.  The  point  at  which  parallel  rays  of  light,  passng 
through  a  convex  lens,  converge  to  a  focus.  Divergent  rays  passing  through  such  a  lens  come 
to  a  f ocas  beyond  the  principal  focus,  and  converging  rays  to  a  point  within  the  principal  focus. 
(See  Focus. ) 

LENZ'S  LAW.  Considering  the  induction  effects  produced  by  the  motion  of  a  wire,  through 
which  a  current  is  passing,  upon  another  wire  formed  into  a  closed  circuit,  Lenz  was  led  to 
give  the  following  law,  which  is  known  by  his  name  : — *^  Whenever  a  relative  displacement 
takes  place  between  a  current  and  a  closed  circuit  in  the  natural  state,  the  latter  is  travened 
by  an  induced  current,  which  reacts  so  as  to  determine  a  motion  in  the  opposite  direction,  or, 
what  comes  to  the  same  thing,  which  is  opposite  to  the  current,  that  would  produce  the  same  dis- 
placement.'* Thus,  when  we  diminish  the  distance  between  two  parallel  wires,  one  of  which 
transmits  a  current,  the  other  forming  a  closed  circuit,  we  obtain  in  the  latter  an  inverse  current ; 
but  we  know  (see  Electro-Dynamics)  that  two  parallel  currents  in  opposite  directions  repel  one 
another. 

By  considering  a  magnet,  as  it  is  according  to  Amp^*s  theory,  a  solenoid  traversed  by  a  cur- 
rent in  a  definite  direction,  the  law  of  Lenz  may  be  extended  to  include  the  cases  of  currents, 
induced  by  the  motion  of  a  magnet  in  the  vicinity  of  a  closed  circuit.  (See  Induction,  Electro- 
Dynamic;  and  Electro-Dynamics.) 

LEO.  (The  Lion.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about  the  22d  of 
July,  and  leaves  it  on  about  the  23d  of  August.  The  constellation  of  the  same  name  occupies 
the  zodiacal  region,  corresponding  to  the  sign  Virgo.  It  is  one  of  the  finest  constellations  in 
the  heavens,  though  it  has  been  deprived  by  astronomers  of  several  groups  of  stars  originally 
forminor  part  of  the  leonine  figure.  The  star  Gamma  Looms  is  a  fine  binary,  the  components 
exhibiting  well-marked  colours — the  primary  orange,  the  companion  green.  This  constellation 
also  contains  many  remarkable  nebula,  especially  where  it  touches  on  the  constellation 
Virgo. 

LEO  MINOR.  (The  Lesser  Lion.)  One  of  the  constellations  formed  by  Hevelius,  for  no 
apparent  reason,  so  far  as  one  can  judge,  except  to  please  his  own  fancy.  The  stars  forming 
this  constellation  might  conveniently  have  been  included  either  within  Ursa  Major  or  Leo. 
There  are  few  conspicuous  objects  in  Leo  Minor,  but  to  the  telescopist  the  constellation  is  full 
•  of  interest,  owing  to  the  number  of  fine  double  stars  and  other  objects  included  within  its 
limits. 

LEPUS.  (The  Hare.)  One  of  Ptolemy's  southern  constellations.  It  is  situated  under  the 
feet  of  Orion.  Many  interesting  objects  are  included  within  this  small  constellation.  One  of 
the  most  remarkable  is  the  variable  red  star  R  Leporis. 

LESLIE'S  CUBE.  Sir  John  Leslie,  in  his  varied  and  elegant  experiments  on  radiant  heat, 
employed  hollow  cubes  of  metal,  in  which  water  was  kept  boilmg  as  sources  of  heat.  These  are 
known  as  '* Leslie's  Cubes,"  and  are  often,  employed  when  a  constant  source  of  non-luminous 
heat  is  desired.  They  are  usually  made  of  blackened  tin,  and  are  from  4  to  6  inches  in  the  side; 
sometimes  they  are  coated  with  various  metals,  powders,  woollen  materials,  &a,  to  show  the 
variation  in  the  radiative  power  of  different  substances. 

LEUCONE.    QeeSiUcon. 
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LEVANTER.  A  violent  wind  blowing  at  certain  seasons  over  the  eastern  parts  of  the  Medi- 
teiranean  Sea. 

LEVEL,  WATEB.  Since  all  portions  of  the  surface  of  a  small  liquid  mass  are  sensibly  in  the 
same  horizontal  plane  (see  IavA  Surfcxe  of  Liquids),  it  follows  that  if  we  take  a  long  horizontal 
glass  tube,  and  bend  both  its  ends  vertically  upwards,  and  fill  the  whole  with  so  much  water  that 
it  rises  in  both  the  upright  ends,  the  surfaces  of  the  liquid  in  these  two  upright  ends  will  be  in 
the  same  horizontal  plane.  Consequently,  if  the  eye  be  placed  on  a  level  wi^  one  of  these  sur- 
faces, an  object  seen  on  a  level  with  the  other  surface  will  be  in  the  same  horizontal  line  with 
both.  Such  is  the  simplest  form  of  a  water  level  used  in  levelling  for  engineering  purposes.  If 
a  graduated  rod  be  placed  vertically  with  one  end  on  the  ground,  so  as  to  be  intersected  by  the 
straight  line  joining  the  two  liquid  surfaces  in  the  level,  and  if  the  point  on  the  rod  be  marked 
as  zero,  which  ia  at  the  same  height  from  the  ground  on  which  it  rests  as  the  level  surfaces  are 
from  the  ground  on  which  they  rest,  then  the  difference  between  the  height  of  the  ground  on 
^hich  the  staff  is  placed  and  that  on  which  the  level  can  be  at  once  determined  bv  looking 
along  the  two  surfaces  and  seeing  which  division  of  the  staff  is  on  the  same  horizontal  line. 

LEVEL,  SPIRIT.  If  a  straight  cylindrical  glass  tube,  containing  spirits  of  wine,  be  sealed  at 
both  ends,  so  as  to  indue  a  small  bubble  of  air,  the  spirit  will  of  course  occupy  always  the  lower 
portion  of  the  tube,  the  air  space  or  bubble  being  at  the  top.  If  the  tube  be  turned  into  a  ver- 
tical position,  this  arrangement  is  very  quickly  assumed,  but  if  the  tube  be  nearly  horizontal, 
and  be  moved  so  that  one  or  other  end  is  in  turn  the  lowest,  the  moving  force  will  be  much  less, 
while  the  inertia  and  friction  will  remain  sensibly  the  same,  consequently  the  motion  of  adjust- 
ment will  be  slower.  Indeed,  if  the  tube  were  perfectly  horizontal,  the  bubble  would  rest  in  in- 
different equilibrium  at  any  spot  along  its  upper  surface.  That  the  instrument  may  be  less 
sensitive,  and  that  an  approximate  result  may  be  obtained  in  a  short  time,  it  is  usual  to  employ 
tubes  which  are  slightly  bent — arcs  of  annuli — and  to  fasten  them  upon  stands  or  feet  having 
smooth  flat  surfaces,  containing  the  chords  of  the  annular  arc.  Spirits  of  wine  are  employed 
instead  of  water,  because  it  is  more  facile  in  its  motion.  (See  Cohesion  of  Liquids.)  A  flat  surface 
may  be  levelled  in  a  horizontal  plane  by  employing  the  level  successively  in  two  directions  at 
right  angles  to  one  another,  since  if  any  two  lines  cutting  one  another  are  horizontal,  the  con- 
tiJning  plane  is  horizontal.  

LEVEL  SURFACE  OF  LIQUIDS.  The  surface  of  a  liquid  at  rest  is  a  horizontal  plane, 
or  rather  a  portion  of  the  surface  of  the  earth,  which  is  sensibly  a  sphere  of  4000  miles  radius. 
From  Alt.  Pressure  through  Liquids  it  is  seen  that  the  level  of  the  liquid  surface  in  communicat- 
ing vessels  is  horizontaL  It  is,  however,  clear  that  the  case  of  a  single  vessel  may  be  regarded  as 
the  extreme  case  of  approximate  vessels,  so  that  the  same  law  must  be  true  of  the  different  parts 
of  the  same  vessel,  as  is  true  of  different  vessels  in  communication.  Indeed  it  is  obvious  that 
the  shape  of  the  surface  of  a  liquid  in  a  vessel  is  determined  by  the  weight  of  the  liquid,  and 
that  when  a  liqxdd  whose  parts  communicate  is  at  rest,  its  centre  of  gravity  is  in  the  lowest 
attainable  position,  when,  and  only  when,  the  surface  is  horizontaL 

LEVER.  (French,  Uver,  to  raise ;  Lat.  levare.)  A  rigid  rod  moveable  about  a  fixed  point, 
which  is  called  a  fidcnun.  It  is  a  simple  machine,  in  which  one  force,  called  the  power,  is 
applied  to  overcome  a  resistance  technically  termed  the  weight.  There  are  two  conditions  which 
must  be  fulfilled  in  order  that  the  machine  may  be  in  equilibriunL  (i.)  The  resultant  of  the 
power  and  the  weight  must  pass  through  the  fulcrum  ;  and,  (2.)  The  resistance  of  the  fulcrum 
must  be  equal  and  opposite  to  the  resultant,  or,  in  other  words,  the  fulcrum  must  be  capable  of 
sustaining  the  pressure  brought  to  bear  on  it. 

When  the  first  condition  of  eouilibrium  is  fulfilled,  the  power  multiplied  by  its  distance  from 
the  fulcrum  is  equal  to  the  weight  multiplied  by  its  distance  from  the  fulcrum.  When  this  is 
the  case  the  lever  will  have  no  tendency  to  turn  round  its  axis  in  one  direction  or  another, 
and  a  very  slight  increase  in  the  power  will  suffice  to  raise  the  weight. 

The  distances  from  the  fulcrum  are  called  respectively  the  power  aim  and  the  weight  aim  ; 
^ence  the  above  condition  is  fulfilled  when  the  aims  are  inversely  as  the  intensities  of  the  power 
and  the  weight.  When  the  weight  is  raised,  it  is  obvious  that  the  arms  describe  arcs,  whose 
^lenffths  are  inversely  as  the  power  to  the  weight  respectively,  since  arcs  are  proportioual  to  the  radii. 

Levers  are  of  three  kinds : — in  the  first,  Uie  fulcrum  is  between  the  points  of  application  of  the 
power  and  the  weight ;  in  the  second,  the  weight  is  applied  between  the  fulcnmi  and  the  power; 
and  in  the  third,  the  power  is  between  the  fulcrum  and  the  weight.  The  common  balance,  the 
steelyard,  the  crowbar,  are  examples  of  single  levers  of  the  first  kind ;  an  oar  (the  water  react- 
'ing  against  the  blade,  being  the  fulcrum,  we  boat  the  weight  moved,  and  the  force  exerted 
by  the  oarsman  the  power),  a  wheelbaiiow,  a  door  moving  on  its  hinges,  are  of  the  second 
Idnd;  the  treadle  of  a  turning  lathe,  and  the  limbs  of  most  ^^riim^B^  are  of  the  third 
kind ;  thus  the  hiiznan  ann  is  a  lever  of  the  third  kind,  moved  by  muscles  attached  near 
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tbe  Bocketa  of  the  bones,  which  fonn  the  fnlcmn.  Of  ooone  in  all  leven  of  the  third  kind  the 
power  is  greater  than  the  weight,  and  so  acts  at  a  mechanical  diaadyantage ;  therefore  these  leven 
ara  always  used  where  speed  or  space  is  more  important  than  mechanical  advantage. 

It  is  not  necessary  that  the  bar  used  as  a  lever  should  be  straight  or  tlmt  its  arms  should  be  in 
the  same  straight  Ime  ;  and  the  forces  may  be  either  parallel  or  not  parallel ;  but  in  all  cases 
when  there  is  equilibrium,  the  moments  of  the  forces  about  the  fulcrum  must  be  equal ;  and 
to  ascertain  this  in  bent  levers,  or  when  the  forces  are  not  parallel,  perpendiculars  are  let 
fall  on  the  directions  of  the  forces  from  the  fulcrum,  and  these  form  the  effective  aims  of  the 
lever. 

In  doable  levers,  two  bars  are  used,  united  by  a  joint  at  their  fulcrum.  Of  the  first  kind, 
scissors  are  an  example,  the  weight  being  the  resistance  of  the  substance  to  be  cut,  the  power 
being  the  hand  applied  to  the  other  end  of  the  levers.  Of  the  second  kind,  nut-crackers  are  an 
example ;  and  of  the  third,  tongs,  where  the  power  is  the  hand,  placed  just  below  the  f okram. 
{See  Balance;  Weighing  Machine;  Stedyard;  WhedandAxLe, 

LEXELL'S  COMET.    A  remarkable  comet  of  short  period.    (See  ChmuU,) 

LIBRA.  (The  ScaUe,)  A  sign  of  the  Zodiaa  The  sun  enters  this  sign  on  about  September 
33rd,  and  leaves  it  on  about  October  23rd.  Its  first  point  marks  the  place  of  the  autumnal 
equinox.  The  constellation  libra  occupies  the  zodiacal  region  corresponding  to  the  sign  Scorpio. 
Tiiere  are  few  conspicuous  stars  in  the  constellation. 

LIBRATION  OF  THE  MOON.  {LibraUo,  a  poising  balandng  motion.)  An  apparent 
oaoiUatory  motion  of  the  moon,  which  enables  us  to  see  rather  more  than  half  the  surface  of  our 
satellite.  The  moon's  rotation  on  her  axis  is  uniform,  but  her  orbital  motion  is  not  uniform  in 
a  single  revolution,  nor  are  different  revolutions  performed  in  the  same  time.  Hence,  though 
her  rotation  is  accomplished  in  the  mean  period  of  a  revolution,  rotation  and  revolution  are  not 
completed  at  exactly  the  same  rate.  Thus  the  same  effect  is  produced  as  though  the  moon, 
considered  with  reference  to  the  earth,  had  a  small  oscillatoiT  motion  of  it>tation  on  her  axis. 
It  follows  that  two  lunee  of  the  moon^s  surface  become  visible  in  turn.  Their  extremities  lie 
on  that  diameter  of  the  lunar  disc  which  is  at  right  angles  to  the  direction  of  the  moon's  motion, 
00  that  their  greatest  breadths  lie  on  the  diameter  which  is  in  the  direction  of  the  moon's 
motion.  This  is  called  the  libration  in  longitude.  There  is  another  libration  called  the  librtUitm 
in  latitude.  It  is  due  to  the  fact  that  the  axis  of  the  moon's  rotation  is  not  quite  pexpendicular 
to  the  plane  of  her  orbit.  Thus  two  other  lunes  become  visible  by  turns,  whose  extremities  lie 
on  that  diameter  of  the  lunar  disc  which  is  in  the  direction  of  the  moon*s  motion,  so  that  thdr 
greatest  breadth  lies  on  the  diameter  at  right  angles  to  the  former.  Owing  to  tiie  moon's 
ubration,  four-sevenths  of  her  surface  can  be  seen,  instead  of  one-half  only. 

The  moon's  diurnal  libration  is  a  less  important  libration  due  to  the  earth's  motion  on  her 


LICHTENBERG'S  FIGURES  (so  called  from  the  name  of  the  observer)  show  a  stxikmg 
difference  between  positive  and  negative  electricity  with  regard  to  the  way  in  which  they 
distribute  themselves  over  the  surface  of  a  non-conductor.  Let  a  glass  plate  or  a  smooth  plate 
of  shell-lac  be  well  dried,  and  let  lines  be  traced  on  it  with  the  kn<£  of  a  jar  positively  charged, 
and  then  with  a  jar  chained  negatively.  And  let  a  mixture  of  red  lead  and  sulphur  be  rubbed 
together  in  a  warm  mortar,  and  then  lightly  sifted  over  the  plate.  The  sulphur  becomes  nega- 
tively chaiged,  and  the  red  lead  positively  when  they  are  rubbed  together,  and  the  sulphur 
therefore  a&eres  to  the  positive  lines  of  the  plate,  and  the  red  lead  to  the  negative  lines.  On 
examining  the  lines  it  will  be  found  that  a  peculiar  difference  exists  between  the  forms  in  which 
the  powders  are  distributed ;  the  sulphur  U  spread  around  the  line  in  branching  tuft-like  shapes ; 
while  the  red  lead  lies  in  circular  and  oval  shaped  spots.  The  same  may  also  be  beautifully 
shown  by  employing  two  plates  of  shell-lac  similar  to  those  used  in  the  electrophorous,  and  allow- 
ing a  few  sparks  to  fall  on  one  from  the  positive,  and  on  the  other  from  the  negative  conductor 
of  the  machine ;  on  (scattering  over  each  a  little  fire-brick  dust,  the  forms  are  very  well 
displayed. 

LIGHT.  (A-S.,  leoht,  light ;  Ger.,  Ucht;  W.,  Uug;  Goth.,  liuhath;  L.,  lux,  light ;  akin  to 
Sans.,  lok,  lodiy  to  see,  to  shme ;  ruck,  to  shine.)  Light  is  the  agent  or  force  which  excites  in 
our  eves  the  sensation  of  vision,  and  thereby  enables  us  to  perceive  the  phenomena  of  the  ex- 
temal  world.  There  are  two  theories  of  light,  one  the  emmve  theory,  according  to  which  light 
is  supposed  to  be  due  to  the  shooting  out  from  the  luminous  body  of  an  infinite  number  of 
small  particles  with  inconceivable  rapidity ;  and  the  other  the  vibratory  theory,  according  to 
which  it  is  supposed  to  be  caused  hj  the  undulations  or  vibrations  of  a  highly  elastic  medium 
called  the  lununiferous  ether.  (See  VihratoTy  Theory  qf  Light;  Bmieeive  Theory  of  Light.)  Light 
moves  in  straight  lines  with  enormous  although  measurable  velocity.  (See  Velocity  of  Light. )  It 
limsses  through  triinjparent  bodies,  whilst  it  is  arrested  by  (3)a^tt<bo^  When 


«.    d. 

Wax, 

7    24 
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6    8 

Tallow,    . 

2    8 

Spenn  oil, 
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it  f alU  upon  a  light  opaque  body  with  a  rough  surface,  it  is  duperaed  and  scattered  about  in  all 
directions,  and  when  it  falls  upon  a  highly  polished  surface  it  is  r^;/Ueted  bade,  the  angle  of  re- 
JUeticn  being  equal  to  the  angle  of  incidence.  When  it  passes  obliquely  £rom  one  tiansparent 
niedium  to  another  of  different  density,  it  is  bent  out  of  its  course  or  refracted,  and  at  the  same 
time  it  is  dispened  into  different  colours,  constituting  the  spectrum.  When  a  ray  of  light  just 
grues  the  ed^  of  a  dense  substance  in  its  path,  it  is  ij\iUcted.  When  light  is  reflected  from  a 
polished  surface  at  a  particular  angle,  it  becomes  pdUmaed,  acquiring  new  properties ;  wTtiilay 
phenomena  of  polarisation  are  produced  when  common  light  is  passed  through  certain  ciystals 
which  possess  the  property  of  dovJble  rrfractian.  Light  may  be  produced  by  chemical  action,  by 
phoapfutreiceneef  by  great  hcaty  by  crystallisation^  and  it  issues  from  celestial  bodies,  such  as  the  sun 
and  stars,  which  shine  by  their  own  light.  All  the  subjects  here  briefly  alluded  to  are  treated 
of  in  greater  detail  under  appropriate  headings.  For  the  principal  divisions  the  student  is  re- 
ferred to  the  following  articles: — Aberration;  Absorption;  Actinitm;  Chromatics;  Circular 
Potaritation;  Coloured  Polarisation;  Crystals;  Defection;  Ikpolarisation;  IHffiratiion ;  Dii- 
penion;  DouJble  Refracting  Crystals;  Emissive  TTieory;  Eye;  Flttoreseenee ;  Focus;  FraunJuffer*8 
JAnes;  Geissler's  Tubes;  Homogeneous  Light ;  Index  qf  Refrdctitm ;  Interference;  Lens;  Micro- 
scope;  Newton*  s  Mngs;  Optic  Axis;  Phosphorescence;  Photometry;  Pclarisation  of  Light;  Prism; 
P^fUction;  Prfraction;  Sources  of  Light;  Spectrum;  Tdeseope;  Undulatory  Theory  of  Light; 
Velocity  of  Light. 

LIGHT,  ARTIFICIAL,  COMPAEATIVE  COST  OF.  Dr.  Frankland,  in  his  lectures  on 
coal  gas  delivered  at  the  Royal  Institution  in  the  spnW  of  1867,  gives  the  following  table  of 
the  comparative  cost  of  the  light  equal  to  that  emitted  by  20  sperm  ^nd^^,  each  burning  for 
10  hours  at  the  rate  of  120  grains  per  hour. 

«.  d. 
Cannelgas^  •  .  .03 
Paraffin,  .  •  ,  .  3  10 
Paraffin  oil,  •••06 
Bock  oil,  •        •        ,        o    7| 

LIGHT,  CHEMICAL  ACTION  OF.    See  Chemical  Action  of  Light. 

LIGHT,  CHEMICAL  REACTIONS  PRODUCED  BY.  See  Chemkal  Peaetions  pro- 
duced by  Light, 

LIGHT,  COMMON.  A  term  applied  to  oidinaxy  light,  to  distinguish  it  from  light  which 
has  been  polarised.      

LIGHT,  CORPUSCULAR  THEORY  OF.    See  Corpuscular  Theory  of  Light. 

LIGHT,  DECOMPOSITION  OF.    Bee  Decomposition  of  Light. 

LIGHT,  DIFFUSION  OF.    See  Diffusion  of  Light. 

LIGHT,  ELECTRIC.    See  Electric  Light. 

LIGHT,  HOMOGENEOUS.    See  Homogeneous  Light. 

LIGHTHOUSE  LENSES.    See  Polygonal  Lens,  and  FresneTs  Lens. 

LIGHT,  ITS  SUPPOSED  INFLUENCE  ON  COMBUSTION.  It  is  an  article  of 
popular  belief  that  the  sun  puts  out  the  fire.  It  is  said  that  if  the  fire  be  nearly  out,  and  you 
put  a  screen  before  it,  or  draw  down  the  blind,  or  dose  the  window  shutters,  it  will  immediately 
begin  to  revive.  But  it  is  f  oigotten  that  a  fire  which  looks  dull  or  out,  in  a  well-lighted  room, 
yriW  appear  to  be  in  tolerable  condition  in  the  same  room  when  darkened.  It  only  requires  to 
be  put  together  to  make  it  bum  up,  and  it  might  have  done  so  just  as  well  in  the  light. 

H  light  has  any  influence  on  combustion,  a  candle  buniing  in  the  sunshine  ought  to  give 
different  results  as  compared  with  one  burning  in  the  shade.  But  in  comparing  candles  of  the 
same  make  the  light  b  affected  both  in  quantity  and  economy  by  a  number  of  small  drcum- 
stances,  such  as  the  warmth  of  the  room,  the  existence  of  small  currents  of  air,  the  extent  to 
which  the  wick  curls  over,  and  so  on.  In  testing  the  quality  of  gas  the  standard  defined  by 
Act  of  Parliament  is  a  sperm  candle  of  six  to  the  pound,  burning  at  the  rate  of  120  grains  per 
bour.  From  sudi  a  standard  we  get  the  tenns  **  i2-oandle  gas,"  *'  14-oandle  gas,"  fto. ;  but,  aa 
Mr.  Sugff  has  pointed  out,  the  wick  does  not  always  contain  the  same  number  of  strands ;  thev 
«re  not  all  twisted  to  the  same  degree  of  hardness ;  the  so-called  sperm  may  vary  in  oompon- 
tion,  one  candOe  containing  a  little  more  wax  than  another,  or  variable  quantities  of  stearine 
or  of  paraffin  ;  the  oaadle  may  have  been  kept  in  store  a  long  or  a  short  time ;  the  temperature 
of  the  store-room  may  have  varied  considerably,  and  the  temperature  of  the  room  in  which  it 
was  burnt  may  have  been  hig^  or  low.  All  these  circumstances  affect  the  rate  of  combustion, 
irrespective  of  the  action  of  &ht,  if  such  action  exist    (See  Photometry.) 

In  a  series  of  experiments  desoibed  l^y  Mr.  Tomlinaon  (PhiL  Mag.,  Sept  1869),  the  diitoxb- 
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ing  causes,  above  detailed,  were  carefully  eliminated.  Great  care  was  taken  to  ensure  identity 
of  composition  and  illuminating  power  in  candles  of  the  same  name.  Moreover,  sufficient  time 
was  allowed  to  make  a  fair  comparison,  currents  of  air  were  guarded  against  as  much  as  possible^ 
and  the  temperature  was  nearly  the  same  in  the  light  as  in  the  dark.  We  quote  the  results  of  two 
of  the  eicperiments.  In  the  first,  three  hard  and  three  soft  candles  were  burned  each  during 
four  hours  in  a  dark  closet.  Similar  sets  of  candles  taken  from  one  and  the  same  filling  were 
burned  during  the  same  time  in  open  daylight,  partly  in  sunlight.  The  average  consumption 
per  hour  of  each  candle  was  as  follows  : — 

Spenn  in  the  dark, i34grainB. 

Sperm  in  the  lighl^  .....  141      „ 

No.  2  Composites  in  the  dark,  .        .        .  133     >» 

Ko.  2  Composites  in  the  light,  .        .        .  140     „ 

In  this  experiment  the  temperature  in  the  light  was  ^2%  and  in  the  dark  7I^  Besides,  in 
the  light  there  was  a  much  greater  motion  of  air  than  in  the  dark  closet.  Both  these  circum- 
stances would  operate  in  prcMiudng  a  larger  consumption  of  candle. 

In  an  experiment  where  the  flames  were  nearly  protected  from  air  currents,  and  the  tem- 
peratures both  in  the  light  and  in  the  dark  were  nearly  equal,  the  results  with  No.  2  com- 
posites were— 

In  the  dark,         •        .        .        131  grains  per  hour. 
Inthelight^         .        .        .        129     „  „ 

In  another  experiment  the 'increase  of  temperature  caused  by  bright  sunshine  led  to  more 
rapid  burning,  so  that  if  light  has  any  action  it  is  the  reverse  of  that  popularly  supposed. 

Mr.  Tomlmson's  conclusion  u  that  the  direct  light  of  the  sun,  or  the  diffused  light  of  day, 
has  no  action  on  the  rate  of  burning,  or  in  retarding  the  combustion  of  a  ordinaiy  candle. 

LIGHT,  LOBS  OF,  BY  PASSING  THROUGH  GLASS  SHADES.  SeeZoMo/Z^Ai 
hy  passing  through  Glass  Shades, 

LIGHT  LOST  BY  BEFLECTION.  Some  light  is  lost  by  reflection  from  the  most  highly 
polished  metallic  surface ;  the  number  of  reflected  rays  diminishing  as  the  obliquity  of  incidence 
is  diminished.  A  polished  mirror  of  speculum  metal  has  been  foimd  to  reflect  64  per  cent,  of 
the  incident  light  after  being  many  years  in  use,  and  in  refracting  telescopes  light  is  also  lost  by 
reflection  from  the  polished  surfaces  of  the  glass.  It  has  been  calculated  that  a  refracting 
telescope  would  have  to  be  13373  inches  diameter  to  give  as  much  light  as  a  4  feet  Newtonia&y 
not  taking  into  account  the  light  absorbed  by  the  glass.  Allowing  for  this,  Dr.  Bobinaon 
{Phil.  Trans.  J  1869,  p.  129),  calculates  that  a  3373  inch  object-glass  would  be  equiluminous 
with  a  reflector  of  37^  inches.  When  light  faUs  on  the  surface  of  mercury  at  an  angle  of  inci- 
dence of  78°  5',  only  754  rays  out  of  a  thousand  are  reflected.  When  the  reflector  is  diaphan- 
ous, such  as  a  glass  plate,  more  light  is  reflected  from  the  second  than  from  the  first  surface,  and 
this  proportion  is  increased  by  coating  the  back  with  some  resinous  cement,  or  still  better,  with 
met^c  amalgam;  the  vividness  of  the  reflection  from  the  second  surface  then  completely 
eclipses  that  &om  the  first ;  thus,  in  the  common  looking  glass,  the  bright  images  seen  in  it  are 
reflections  from  tiie  second  or  coated  surface.  (Brookes  Natural  Philosoplnr,  p.  585.)  Taking 
the  incident  rays  at  1000,  M.  Bouger  has  found  that  the  number  of  rays  reflected  from  the  sur- 
faces of  water  and  of  glass  at  different  angles  are  as  follows : — 

Angle  of  Incidence.  Water.  Ohtas. 

85*  501  549 

So*  333  412 

75'  2n  299 

40*  22  34 

20*  18  25 

lo*  18  25 
{^Mirror;  Specatwn,) 

LIGHTNING.  The  sudden  discharge  of  electricity  from  the  clouds  to  the  earth,  or  from 
doud  to  doud.  There  are  several  kinib  of  lightning.  In  the  first  place,  there  is  the  zig-zag 
flash,  apparently  a  continuous  line  of  light,  bent  in  two  or  more  places  at  extremely  shurp  angles. 
Secondly,  there  are  flashes  which  light  up  a  large  portion  of  the  heavens  with  a  broad  diffused 
light,  and  which  are  accompanied  with  thunder.  Thirdly,  there  is  that  called  sheet  lightning 
and  sometimes  heat  lightning^  because  it  is  frequently  seen  on  warm  summer  nights,  wldch  ap- 
pears in  diffused  flashes  generally  faint,  and  which  is  not  accompanied  by  thunder.  And  lastly, 
the  name  is  applied  to  certain  luminous  meteors  known  also  ssfire^nUls,  concerning  wMch  many 
incredible  stories  are  told. 
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The  duration  of  the  lightning  flash  is  less  than  the  thousandth  part  of  a  second.  Wheat- 
stone  showed  this  by  means  of  the  principle  upon  which  his  chronosoope  is  founded.  A  wheel, 
turned  so  rapidly  thiat  when  lighted  by  a  permanent  light  its  spokes  blendod  together,  when 
illuminated  by  a  lightning  flash  appeared  perfectly  stationary,  and  not  the  slightest  indication 
of  displacement  could  be  noticed  with  regard  to  the  spokes.  The  spokes  had  not,  therefore^ 
distinguishably  moved  forward  during  the  time  the  flash  lasted.  It  ia  entirely  due  to  penUtenee 
of  the  image  upon  the  retina  that  the  flash  appears  to  last  for  a  perceptible  time.  TheJire-baUg 
on  the  contrary,  are  said  to  last  for  a  considerable  time,  Bevei-al  seconds  at  least. 

The  first  kind  of  lightning,  namely  the  zig-x&g  flash,  is  frequently  seen,  though  not  so  com- 
monly as  the  second  and  thircL  kinds.  What  is  seen  is  simply  the  line  in  which  the  spark  travels 
from  the  cloud  to  the  earth,  or  from  one  doud  to  another.  It  is  often  of  very  great  length,  and 
is  generally  made  up  of  a  number  of  straight  Unes  of  fire,  forming  with  each  other  one  continuous 
line,  and  having  several  acute  angles  in  it.  The  zig-zag  appearance  of  the  line  corresponds  with 
"what  is  observ^,  on  a  small  scale,  in  taking  long  sparks  from  the  prime  conductor  of  a  good 
electric  machine.  The  line  which  the  spark  follows  is  that  of  the  least  resistance  to  its  passage, 
and  ia  not  as  a  rule  a  straight  line.  Generally  the  electricity  appears  to  travel  from  above 
downwards,  but  sometimes  an  apparently  upward  discharge  is  seen.  The  direction  which  the 
discharge  seems  to  take  depends  upon  wheUier  the  doud  or  the  earth  is  electrified  positively, 
and  upon  the  relative  conformations  of  the  cloud  and  of  the  ground. 

In  the  second  class  of  flash  the  light,  instead  of  being  concentrated  to  a  single  line,  is  spread 
over  large  surfaces.  Sometimes  it  appears  to  illuminate  merely  the  boundaries  of  the  douds ; 
sometimes  the  light  seems  to  come  out  from  the  midst  of  the  clouds  themsdves.  This  kind  of 
lightning  is  the  most  frequently  seen ;  probably  it  is  due  to  the  light  of  a  spark  which  is  seen 
doused  around  and  reflected,  at  a  time  when  the  line  of  the  spark  itself  is  concealed  by  a  cloud 
or  otherwise. 

That  which  is  called  heat  lightning,  and  which  is  unaccompanied  by  thunder,  generally  con- 
sists of  pale  flashes  most  frequently  near  the  horizon ;  often  even  when  there  are  no  definite 
clouds  visible.  It  has,  in  many  cases,  been  proved  to  be  due  to  distant  storms  too  far  off  for 
the  thunder  to  be  heani,  but  of  which  the  light  of  the  flashes  is  reflected  on  clouds  or  mists,  and 
reaches  us.  There  appear,  however,  to  be  some  cases  on  record  in  which  the  light  was  seen  in 
the  zenith,  and  which  could  not  be  accounted  for  as  proceeding  from  any  distant  thunder-storm. 
Such  flashes  are  possibly  due  to  dischsages  taking  place  in  the  atmosphere  at  very  great  hdghts 
above  the  earth. 

But  little  seems  to  be  known  about  the  fire-baU$,  They  are  described  as  falling  slowly  from 
the  douds  to  the  eartii,  the  descent  occupying  ten  or  more  seconds,  and  are  said  often  to  re- 
bound once  or  twice  upon  the  ground,  and  afterwards  to  explode  with  frightful  violence ;  but  if 
they  are  of  electric  origin  at  aU,  it  would  be  difficidt  to  account  for  such  properties  according  to 
any  known  dectric  laws. 

The  colour  of  the  lightning  is  generally  white,  especially  in  the  case  of  the  zig-zag  flashes, 
liightning  of  the  second  class  is,  however,  frequently  of  a  reddish  colour,  and  occasionally  blue 
and  violet  are  percdved  in  it.  The  colour  probably  depends  upon  the  state  of  the  atmosphere, 
both  as  to  quality  and  as  to  pressure.  These  circumstances,  as  we  know,  influence  the  colour 
of  the  sparks  obtained  from  an  electric  machine. 

To  account  for  the  formation  of  lightning  is  not  easy.  It  is  generally  supposed  that  the  small 
partides  of  aqueous  vapour  which  leave  the  earth,  and  which  are  afterwards  condensed  to  form 
clouds,  are  electrified  at  the  time  of,  posribly  in  consequence  of,  the  occurrence  of  vaporisation. 
These  particles  carry  their  electridty  away  with  them,  and,  when  the  doud  is  formed,  unite 
together,  forming  little  molecules,  which,  again  uniting,  form  drops,  and  the  drops  are  thus  in 
a  state  of  considerable  electrification.  Probably,  then,  by  means  of  internal  discharges,  the  in- 
terior partides  relieve  themselves,  and  throw  a  portion  of  their  electricity  into  the  periphery  of 
the  doud ;  and  when  the  outside  of  the  doud  has  become  very  powerfully  electrified,  a  dis- 
charge takes  place  towards  the  earth,  or  towards  an  adjacent  and  oppositdy  electrified  doud. 
The  external  layer  of  the  cloud  having  thus  relieved  itself,  the  little  globmes  of  water  again 
begin  to  discha^  into  each  other,  their  size  all  the  time  increasing,  and  the  electric  strain  at 
their  external  surfaces  increasing  also ;  for  it  is  a  well-known  law  that,  in  an  electrified  con- 
ductor, such  as  a  drop  of  water  charged  could  be,  the  dectridty  is  disponed  in  a  fine  layer  at 
the  exterior.  Again,  by  a  series  of  internal  discharges,  the  penphery  of  the  cloud  is  charged, 
and  a  second  flash  occurs.  Certain  electroeoopic  experiments  seem  to  show  that  what  we  have 
just  described  actually  takes  place,  and  that,  for  some  time  previous  to  the  flash,  dischaiges  are 
occurring  from  part  to  part  within  the  doud. 

Lightnin?  possesses  the  same  properties  as  the  ordinary  dectric  spark,  exhibiting  them  with 
a  power  proportional  to  the  enonnous  quantity  of  electricity  wluoh  is  at  work  in  m  inroductioa 
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of  a  flash.  Thiuit  heats  intensdy  amy  condnctor  not  Buffidenily  good  to  cany  it  readily;  fodng 
bell-wires,  chauis,  thin  rods  of  metal,  where  it  passes  along  them,  and  producing  those  molten 
tabes  known  aa  fidgwrite$,  when  it  strikes  the  earth,  and  iJong  its  path  inward.  It  sets  com- 
bustiblee  on  fire.  The  passage  of  a  flash  can  also  magnetise,  demagnetise,  or  reverse  the  mag- 
netism of  steel,  and  can  produce  chemical  effects,  an  example  of  which  is  found  in  the  fonn»- 
tion  of  ozone,  nitric  acid,  and  nitrate  of  ammoniam  in  the  air.  Its  mechazdcal  effects  are  shown, 
in  the  splitting  up  of  trees,  stones,  &c.,  when  it  strikes  them.  The  physiological  effects  are  too 
frequently  reoogmsed.  When  lightning  strikes  an  animal  it  usually  Idlls  it.  There  are,  how- 
ever, inwtancwt  in  which  death  did  not  ensue.  Generally  the  spark  passes  through  the  body, 
tearing  and  burning  it  at  the  place  at  which  it  enters  and  leaves,  frequently  setting  fire  to  the 
clothes,  and  nearly  always  burning  up  the  hair  on  all  parts  of  the  body.  When  death  does  not 
follow  the  strokes,  deafness,  loss  of  sight,  dilatation  and  loss  of  oontractibility  of  the  pupil  of  the 
eye  are  frequentiy  temporarily  produced.  Instances  are  known,  on  the  other  hand,  in  which  weak 
strokes  of  lightning  have  cured,  some  of  dtBeases  under  which  they  were  previously  labouring. 
As  to  the  number  of  persons  killed  by  lightning,  M.  Arago  estimated  it  in  France  at  six^-nine 
in  the  year.  M.  Baudin,  however,  according  to  a  research  quoted  by  De  la  Bive,  showed  that 
between  the  years  of  1835  and  1852,  no  less  than  thirteen  hundred  and  eight  persons  were 
killed. 

In  the  next  article  we  give  some  information  concerning  lighimnff-condwton,  and  under  the 
names  Thunder,  Return  Skock,  St.  Elmo*9  Fire,  wiU  be  found  an  account  of  these  concomitants 
of  lightning. 

LIGHTNINa  CONDirCTOB.  The  discovery  by  Franklin  of  the  identity  of  lightning 
with  electricity  led  at  once  to  the  idea  of  protection  from  the  electric  discharge  by  means  of  a 
pointed  rod.  Questions  long  existed  as  to  the  utility  of  the  lightning  oonductor,  it  being 
affirmed  by  some  that  they  tend  rather  to  attract  the  lightning.  They  do,  indeed,  concentrate 
upon  themselves  the  inductive  action  due  to  an  electrified  doud ;  but  no  danger  can  possibly 
arise  from  this  if  they  are  properly  constructed.  They  ought  to  be  pointed  at  the  top,  and  are 
frequentiy  made  with  more  than  one  point,  in  order  to  allow  the  discharge  to  take  plsyoe  quietiy, 
and  without  any  sparic  at  all.  The  dimensions  of  a  conductor  should  be  pretty  large  :  a  thhi 
rod  offers  too  much  resistance  and  may  sometimes  even  be  melted  by  the  heat  produced.  It 
must  be  continuous  throughout,  as  cases  have  frequently  occurred  in  which  the  electricity  has 
left  the  conductor  at  a  place  where  there  has  been  a  break  in  the  line.  The  end  of  the  rod 
which  is  of  iron,  u  metallically  connected  with  thick  copper  strips  which  are  carried  into  the 
ground  to  a  considerable  depth  and  ought,  if  possible,  to  terminate  in  water  or  in  a  veiy  wet 
place,  in  order  to  make  the  communication  with  the  earth  as  complete  as  possible.  In  tlte  case 
of  conductors  for  ships,  a  strip  of  copper  is  inlaid  the  whole  length  of  the  mast  and  arranged  so, 
that  on  loweringor  raising  the  masts,  metallic  contact  may  still  be  maintained.  The  strips  are  csr- 
ried  down  to  the  keel  and  thus  communicate  with  the  water.  It  is  found  necessary  to  have 
each  mast  furnished  with  a  conductor.  In  some  cases  in  which  it  was  thought  that  a  oonductor 
on  the  mainmast  would  be  a  sufficient  protection  for  the  whole  ship^  one  of  the  the  other  masts 
has  been  struck  by  lightning  and  destroyed. 

The  function  of  the  lightning  conductor  is  this.  When  a  dood  charged  with  electridty  comes 
over  any  locality,  intense  induction  takes  place  between  it  and  the  earth ;  but  in  particular  this 
inductive  action  is  oonoentrated  on  any  projections,  such  as  tall  steeples  or  chimneys ;  this 
gradually  increases  till  at  last  the  strain  upon  the  air-space  between  becomes  too  great  for  it  to 
sustain,  and  the  flash  occurs.  But  if  the  steeple  or  chimney  be  overtopped  by  the  lightning 
oonductor,  the  inductive  action  is  directed  towwds  it,  and  since  it  is  pointed,  the  strain  upon  the 
particles  of  air  very  soon  becomes  more  than  they  can  support,  and  the  discharge  takes  place. 
It  is,  however,  of  the  nature  of  a  quiet  brush,  the  electridty  flowing  gently  outward  and 
neutralising  that  of  the  doud,  and  the  flash  is  in  general  altogether  prevented.  Even  if  it 
should  occur,  a  conductor  of  suSffident  sLie  can  easily  cany  it  to  the  ground,  and  the  bmlding 
is  saved. 

LIGHTNING  FIGUHES.  It  is  commonly  supposed  that  when  a  person  is  stmdc  by 
lightning  while  standing  under  or  near  a  tree^  an  **  exact  portrait "  of  the  tree  is  impressed  on 
the  body  of  the  patient.  Statements  of  this  kind  are  so  numerous  that  M.  Baadin  in  his  Trea- 
t^e  on  Medical  Geography,  proposed  a  new  tenn,  namely,  Keraunograpky  ("  to  write  with 
Sunder'*)  to  include  these  and  other  figures  caused  by  lightning.  In  1861  M.  Poey  collected 
twenty-four  such  cases  and  supposed  them  to  be  due  to  a  real  photo-dectric  action. 

It  was  diown  by  Mr.  Tomlinson,  at  the  meeting  of  the  British  Association  at  Manchester  in 
1 861,  that  a  ramified  figure,  very  much  like  a  tree,  is  really  produced  with  every  stroke  of  light* 
ning,  and  with  every  discharge  of  a  Leyden  jar.  If  a  thin  sheet  of  window  glara,  about  4  indies 
square,  be  hdd  between  the  knob  of  a  charged  jar,  and  the  discharging  rod,  the  discharge  wiU 
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paes  over  the  surf  i^  nearest  the  jar,  ttim  over  its  edge,  and  so  get  to  the  dischargicg  rod.  On 
nolding  the  glass  np  to  the  light  no  trace  of  the  discharge  will  be  seen  ;  but  on  breathing  upon 
the  glMS  we  get  a  ramified  figure,  consiflting  of  a  tnmk,  from  which  proceed  a  number  of 
branches  covered  with  spny,  &e  whole  figure  strongly  resembling  a  tree.  In  some  cases  the 
discharge  bifurcates,  and  even  trifurcat^,  in  which  case  there  are  two  or  three  trunks,  each 
accompanied  by  its  own  branches  and  spray.  Should  the  glass  be  too  thick,  the  charge  may 
not  pass  ;  but  we  get  some  of  its  minor  details,  such  as  the  branches  and  the  spray,  represent- 
ii^,  in  fact,  those  ramifying  feelers  sent  out  by  the  electricity  to  prepare  the  line  of  least  resis- 
tance along  which  the  principal  discharge  takes  place.  These  are  the  lines  which  produce  the 
sensation  of  cobwebs  drawn  over  the  face,  which  sailors  describe  as  the  forerunners  of  the  ship 
being  struck.  In  the  experiment  just  named  the  discharge  bums  away  portions  of  the  organic 
film  which  covers  all  bodies  exposed  to  the  air,  and  the  breath  condenses  in  continuous  streams 
on  the  portion  so  burnt  and  rendered  chemically  clean,  while  on  the  other  parts  of  the  glass  the 
breath  condenses  in  minute  globules.  (See  BretUh  Figures.)  If  the  glass  does  not  act  well  in 
ccmsequenoe  of  the  iitegularity  of  the  film,  it  may  be  dipped  into  a  strong  solution  of  soap  in 
■water  and  rubbed  dry  with  a  doth.  This  will  give  it  a  continuous  film  capable  of  producmg 
remarkably  fine  figures,  the  structure  of  which  is  worth  studying.  The  main  trunk  of  each 
figure  is  hollow  like  a  Fulgurite, 

LIGHTNINa,  SPECTRUM  OF.  The  spectrum  of  lightning  has  been  examined  by 
Grandeau  and  Kundt.  It  shows  the  spectra  of  incandescent  niiarogen,  oxygen,  hydrogen,  and 
Bodivm,  (See  the  spectra  of  these  several  substances.)  The  nitrogen  spectrum  is  sometimes  of 
the  first  order,  and  sometimes  of  the  second,  according  to  the  intensity  of  the  discharge. 

LIGHT  OF  GAS,  DIMINUTION  OF,  BY  ADMIXTURE  OF  AIR.  See  JHmnution 
of  Light  of  Qca  hy  Admixture  of  Air. 

LIGHT,  ORDINARY  AND  EXTRAORDINARY  RAY  OF.  See  Ordinary  and 
Extraordinary  Fay  of  Light.  , 

LIGHT,  RELATION  OF  GK>LD  TO.     See  Oold,  Fdatum  of,  to  Light. 

LIGHT,  SOURCES  OF.  Hie  sources  of  light  are  very  niunerous,  but  tiiey  may  be  reduced 
to  a  few  classes.  First,  the  sun,  fixed  stars,  and  other  celestial  bodies  whidi  do  not  shine  by 
reflected  or  borrowed  light ;  second,  light  evolved  by  terrestrial  bodies  in  a  state  of  incandes- 
cence, such  as  candles,  lamps,  and  coal  gas,  the  electric  light,  Geissler's  tubes ;  third,  light 
evolved  by  phosphorescence ;  in  this  class  may  be  included  fluorescent  light,  light  evolved  during 
crystallisation,  or  when  certain  crystals  are  broken,  and  light  from  glow-worms.  In  this 
cat^;ory  may  also  perhaps  be  included  Reichenbach*s  odic  and  crystallic  light,  for  although  his 
statements  are  not  generally  credited  by  men  of  science,  a  perusal  of  his  original  memoirs 
(liebig's  AnndUn  da-  Ckemu,  March  and  May  1845),  will  show  that  he  brou^t  to  bear  on 
these  abstruse  subjects  as  much  acuteness  of  observation  and  philosophical  caution  as  are 
generally  met  with  in  scientific  memoirs. 

LIMB.    In  astronomy  the  edge  of  the  Bun*s,  the  moon's,  or  a  planet's  disc 

LIME.    See  Calcium,  Oxide  of 

LIME,  CHLORIDE  OF.    See  Chlorine;  HypocMoriU. 

LIME  LIGHT.  (Also  called  Drummond  light.)  A  veiy  intense  light  produced  by  pro- 
jecting a  blowpipe  flame  of  mixed  oxygen  and  hydrogen  gases  upon  a  ball  of  lime.  The 
intense  heat  raises  the  lime  to  vivid  incandescence.  When  magnesia  is  used  instead  of  lime  it 
is  caftlled  the  Magnesia  Light,  and  when  zirconia  is  employed  the  Zirconia  Light,  Owing  to  the 
neat  explosiveness  of  a  mixture  of  oxygen  and  hydrogen  gases,  special  precautions  are  required. 
lemming's  jet  ia  sometimes  used ;  at  other  times  the  gases  are  allowed  to  bubble  through 
water  in  their  passage  from  the  reservoir  to  the  jet.  The  safest  plan,  however,  is  to  keep  tiiem 
separate,  until  they  meet  at  the  jet.  In  the  Oxycalcium  Light  a  jet  of  oxygen  gas  is  blown 
through  a  spirit  flame  upon  a  ball  of  lime.  When  a  coal  gas  flame  replaces  the  spirit  flame,  it 
is  sometimes  called  the  Oxy-coal-Oas  Light;  the  general  name  for  all  these  lights  is  the 
Oxyhydrogen  Light, 

LIMIT  OF  AUDIBLE  NOTES.  The  lower  limit  to  the  sequence  of  similar  sounds,  which 
produce  a  musical  note,  is  about  16  complete  vibrations  in  a  second.  At  slower  rates  of 
sequence  the  ear  can  diBtingmsh  the  separate  sounds.  The  higher  limit  of  audible  notes  varies 
with  different  individuals.  36,cxx)  vibrations  per  second  give  the  highest  audible  note,  whose 
vibrations  have  been  numbered.  24,000  is  the  limit  for  most  ears.  As  the  chiip  of  crickets  md 
the  squeak  of  bats  consist  of  a  great  number  of  vibrations,  the  noise  which  these  creatures 
make  is  unheard  by  many. 

LINE  OF  NODES.    See  Nodes. 

LINES  OF  FORCE,  ELECTRIC.  In  an  electric  field,  or  field  under  the  influence  of  a 
given  distribution  of  electrified  bodies,  ''lines  of  foroe^"  that  Is^  lines  tiie  direction  of  whose 
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tangent  at  each  point  is  that  of  the  resultant  force  at  that  point,  may  be  drawn  npon  principles 
similar  to  those  which  are  drawn  in  a  magnetic  field,  and  they  possess  properties  analogous  to 
those  possessed  by  the  line  of  magnetic  force.    (See  next  Article,  and  also  Misldf  Magnetic.) 

LINES  OF  FORCE,  MAGNETIC.  A  line  of  magnetic  force,  or  simply  a  line  of  fofree 
(magnetic  being  understood),  is  a  line  which  is  at  each  point  parallel  to  the  resultant  of  all  the 
forces  at  that  point.  "  It  may  be  defined,"  says  Faraday,  who  introduced  the  term,  ''as  that 
line  which  is  described  by  a  very  small  magnetic  needle,  when  it  is  so  moved  in  either  direction 
correspondent  to  its  length,  that  the  needle  is  oonstantiy  a  tangent  to  the  line  of  motion ;  or  it 
is  that  line  along  which,  if  a  transverse  wire  be  moved  in  either  direction,  there  is  no  ten- 
dency to  the  formation  of  any  current  in  the  wire,  whilst,  if  it  be  moved  in  any  other  directioQ, 
there  is  suoh  a  tendency  ;  or  it  is  that  line  which  coincides  with  the  magnecrystallic  axis  of  a 
ciystal  of  bismuth,  which  is  carried  in  either  direction  along  it."  The  arrangement  of  the  lines 
of  force  about  a  magnet,  or  about  a  number  of  magnets  whose  different  forces  interfere  witii 
each  other,  may  be  approximately  and  very  beautifully  exhibited  to  the  eye  by  covering  them, 
when  laid  on  a  horizontal  table,  witli  a  tightly  stretched  screen  of  white  paper,  and  then  scatter- 
ing fine  iron  filings  over  the  paper  with  the  assistance  of  a  sieve.  The  filings  arrange  them- 
selves in  curves,  which  radiate  from  the  poles  of  the  magnet  in  directions  depending  on  the 
form  of  the  magnet,  and,  if  there  be  any  magnetic  matter  in  the  field,  on  the  position  of  it  with 
respect  to  the  magnet.  In  the  case  of  a  straight  bar  magnet,  evenly  magnetised,  they  start 
from  the  poles,  and  turn  inward  to  meet  each  other,  bending  round  in  ovid  curves.  Faraday 
pointed  out  another  experimental  way  of  recognising  and  examining  the  lines  of  force,  both  in 
direction  and  intensity — namely,  by  means  of  a  conducting  wire  moved  across  them.  The 
reader  will  find  a  full  account  of  his  method  and  results  in  the  Philosophical  Transactions, 
1845-1850.  Their  properties  wero  mathematically  discussed  by  Maxwell,  Camb.  PhiL  TiaiiB. 
1S57.     (See  also  Ftdd^  Magnetic.) 

LINES  OF  THE  SPECTRUM.     See  Fraunhofer'9  Lines, 

LINES  IN  THE  SOLAR  SPECTRUM,  KIRCHHOFFS  THEORY  OF.  See  KirA- 
Jioffs  Theory  of  the  Lines  in  the  Solar  Spectrum, 

LIMITING-  ANGLE.  When  a  ray  of  light  passes  obliquely  from  a  dense  medium  to  a 
rarer  one,  if  the  incidence  is  such  that  the  sine  of  the  refracted  ray  is  equal  to  the  radius  of  the 
ray,  refraction  of  the  ray  becomes  impossible  and  total  reflection  takes  place ;  below  that 
incidence,  however,  it  is  refracted  This  is  called  the  limiting  angle  between  refraction  and 
reflection.  The  limiting  angle  is  found  by  dividing  unity  by  the  index  of  refraction  of  the  sub- 
stance (see  TaUe  of  Indices  of  JUfraction),  and  on  looking  for  the  quotient  in  a  table  of  natural 
sines  the  angle  corresponding  to  it  is  the  limiting  angle.  (See  M^i/lection  of  Light,  Total;  Bight- 
angle  Prism;  also  Brooke's  Natural  Philosophy,  1060 ;  Browster*s  Optics,  p.  31.) 

LIQUEFACTION,  LATENT  HEAT  OF.     See  Latent  Heat, 

LIQUEFICATION  AND  SOLIDIFICATION  OF  GASES.  Gases  and  vapours  were 
formerly  held  to  be  distinct  in  their  nature ;  it  was  Faraday  who  first  proved  the  distinction  to 
be  erroneous  by  liquefying  a  number  of  gases,  and  since  that  time  all  the  gases  with  the  exception 
of  six,  oxygen,  hydrogen,  nitrogen,  carbonic  oxide,  nitric  oxide,  and  marsh  gas,  have  been 
obtained  in  the  liquid  condition.  The  general  principle  upon  which  the  attempts  at  liquefaction 
of  gases  are  made  is  that  of  applying  cold  or  pressure,  or  both  at  once. 

Faraday's  plan  was  to  place  in  the  longer  leg  of  a  >A  shaped  glass  tube  a  substance  from 
which  the  gas  could  be  obtained  by  heat,  (thus  to  liquefy  cyanogen  he  used  cyanide  of  mercury, 
for  ammonia^  chloride  of  silver,  saturated  with  the  gas),  and  to  seal  the  tube  hermetically.  The 
shorter  limb  was  then  immersed  in  a  freezing  mixture  and  heat  was  applied  to  the  other.  In 
this  way  a  large  volume  of  gas  was  generated  in  a  small  enclosed  space,  and  the  pressure  upon  it 
rapidly  increased  as  more  gas  was  produced  ;^  soon  it  began  to  condense  into  a  liquid  in  the 
cooled  diamber.  In  this  way  cyanogen,  ammonia,  chlorine,  carbonic  add  gas,  and  others  were 
liquefied ;  sulphurous  add  gas  was  easily  liquefied,  it  being  suffident  to  pass  it  through  a  tube 
surrounded  by  a  mixture  of  snow  and  salt. 

Professor  Andrews,  of  Belfast,  afterwards  constructed  a  convenient  apparatus  for  the  applica- 
tion of  cold  and  pressure  at  the  same  time  to  a  gas.  The  gas  was  contained  in  a  capillary  tube 
sealed  at  the  top,  and  a  small  column  of  mercury  in  the  tube  enclosed  it  below.  The  unsealed 
extremity  of  the  tube  was  fastened  by  secure  and  water-tight  packing  into  one  end  of  a  copper 
tube,  which  was  completely  filled  with  water,  and  by  screwing  a  steel  screw  into  the  water 
chamber  pressure  was  obtamed,  which  drove  the  mereury  column  up  the  capillury  tube.  By  snr- 
rounding  the  capillary  tube  with  a  freezing  mixture  cold  could  be  applied.  With  this  apparatus 
Andrews  was  able  to  subject  the  gases  to  the  enormous  pressure  of  four  hundred  atmospheres 
or  more,  and  with  the  assistance  of  intense  cold  from  - 106**  F.  to^  150**  F.  he  reduced  the  gases 
which  we  have  mentioned  above  as  hitherto  uncondensed  to,  in  several  cases,  less  the  -^  of  tiie 
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•rigfaial  volume.  Common  air  was  compressed  till  it  had  a  density  nearly  equal  to  that  of 
water,  but  without  showing  signs  of  liquefaction.  His  paper  to  the  Boyal  Society,  1861,  gives 
an  account  of  his  experiments. 

By  means  of  a  forcing  pump,  designed  by  Katterer  of  Vienna,  carbonic  acid  is  now  liquefied 
on  a  very  large  scale  in  strong  iron  vessels.  The  gas  is  generated  in  the  ordinary  way  from  car- 
Inmate  of  calcium,  and  passed  into  caoutchouc  bags ;  it  is  thence  forced  into  an  iron  vessel, 
which  b  kept  cool  by  the  application  of  ice.  If  when  a  considerable  quantity  of  the  gas  has 
been  condensed,  the  liquid  is  permitted  to  rush  out  through  a  small  oxifice,  solidified  carbonic 
acid  is  obtained  in  the  form  of  fine  white  flakes  like  snow.  This  is  due  to  the  enormously  rapid 
evaporation  of  the  liquid  as  it  escapes.  A  portion  of  it  turns  into  gas,  and  takes  up  so  much 
heat  (see  Latent  Heat  of  EvaponUion),  that  the  remainder  of  the  liquid  is  frozen  to  a  solid.  It 
was  with  the  assistance  of  this  solid  that  Faraday  was  able  to  study  the  other  gases  in  their 
solid  and  liquid  conditions.  For  on  mixing  the  solid  carbonic  acid  wi&  ether  a  temperature  as 
low  as  106**  F.  below  zero  was  obtained,  and  by  putting  the  mixture  imder  the  receiver  of  an  air 
pump,  and  rapidly  exhausting,  so  as  to  assist  evaporation,  a  temperature  is  obtained  which  Fara- 
day estimated  at  166**  below  zero.  By  exposing  the  liquefied  gases  in  glass  tubes  to  a  bath  of 
this  kind,  he  was  able  to  obtain  most  of  tiiem  in  the  form  of  transparent  solids.  Afterwards 
Natterer  made  use  of  a  mixture  of  solidified  nitrous  oxide  and  bisulphide  of  carbon,  and  with 
the  aid  of  an  air-pump  obtained  a  temperature  as  low  as  220**  F.  below  zero. 

The  following  table,  which  we  quote  from  Miller's  EletMrUt  of  CkemUtrffy  gives  the  melting 
points  of  the  solids  and  the  pressures  of  the  gases  at  the  point  of  liquefaction  for  various  tem- 
peratures, according  to  Farsday's  experiment.  The  pressures  are  determined  by  enclosing  in 
the  tube  in  which  tiie  liquefaction  takes  place  a  small  air  gauge. 

GoZmXNBATION  AND  SOLIDIFICATION  OF  GaBBS. 


Names  of  Oases. 

Heltingpolnt 

Pressure  in  Atmospheres. 

At  o«  F. 

At  3a««  F. 

At6o?F. 

Sulphuronfl  anhydride,  . 
Cyanogen, 
Hydrlodicadd,       . 
Ammonia, 

Bnlphnretted  hydrogen. 
Nitrous  oxide. 
Carbonic  add, 
Enchlorine,     . 
Hydrobromlc  add. 
Fluoride  of  Silicon, 
Aneninretted  hydrogen, 
Oleflantgae,    . 
Fluoride  of  Boron, . 
Hydrlodic  add. 

-I05* 

"£ 

—  103 

—  12a 

—  150 

—  70 

—  75 

—  194 

—  aao 

0*73 

a-48 
6'7 

aa'8 

5-91 
aj'a 

150 

153 
a'37 
3  97 
44 
zo'o 
39  "o 

38s 

8-9S 
a6*9o 

«-54 

S-86 
6'90 

13x9 

5 '16  at  xoo* 
4'oo  at  63S 

XO'OO  at  83^ 
X4'6o  at  59S 

3340  »t3S' 

96*90  at  0* 
xi'45  at.— 6a» 
40 '0  at  50° 

For  some  further  particulars  on  this  interesting  subject,  and  for  an  account  of  the  most  recent 
and  very  remarkable  researches  upon  this  subject  by  Pr.  Andrews,  researches  which  throw  a 
completely  new  light  on  the  whole  subject,  we  refer  to— Matter,  Continuity  of  the  Liquid  and 
Qaaeoue  States  of,    

LIQUIDS,  CENTRE  OF  PRESSUBE  OF.    See  Centre  ofPreumre  ofLimUdi. 

LIQUIDS,  COHESION  OF.    See  Coheeion  of  Liquidt. 

LIQUIDS,  COMPRESSIBILITY  OF.    See  dmprmUnlity  qf  Liquidt, 

LIQUIDS,  DIFFUSION  OF.     See  Diffunon  of  Liquid; 

LIQUIDS,  DISPLACEMENT  OF.    See  Displacement  qf  Liquidt. 

LIQUIDS,  FLOW  OF.    See  Plow  of  Liquids. 

LIQUIDS,  INDEX  OF  REFRACTION  OF.    See  JUfraetion,  Index  ef. 

LIQUIDS,  LATERAL  PRESSURE  OF.    See  LaJUnd  Pressure  of  Liquids. 

LIQUIDS,  LEVEL  SURFACE  OF.    See  Level  Surface  of  Liquids, 

LIQUIDS,  PRESSURE  OF,  ON  THE  BOTTOM  OF  VESSELS.  See  Prettuft  qf 
liquids  on  the  Bottom  of  Vessels. 

LIQUIDS,  PRESSURE  THROUGH.    See  Pressure  through  Liquids. 

LIQUIDS,  SPECTRA  OF  INCANDESCENT.  Liquids  when  tncandescent  give  coil* 
tinuouB  spectra  like  solids.    (See  Solids^  Spectra  of  Incandescent, ) 
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LIQUID  SURFACES,  TENSION  OF.    See  Teiuion  of  Liquid  Surfaea. 

LIQUIDS,  UPWARD  PRESSURE  OF.    See  Upward  Pressure  o/Liguidt, 

LIQUIDS,  WAVES  IN.    See  Waves  in  Liquids. 

LISSAJOUS'  COMPARISON  OF  TUNINO-FORES.  In  the  kalddophon  (see  ^aiei- 
dophon)  one  and  the  same  body  receives  impulses  in  different  directions,  and  it  vibrates  at 
different  rates  in  those  different  directions ;  the  figures  whidi  the  end  describee  marks  the  dif- 
ference of  rate,  and  also  the  difference  of  phase.  la  order  to  compare  sonorous  bodies  with  one 
another,  especially  tuning-forks,  with  a  view  to  test  whether  a  given  fork  is  in  perfect  unison 
with  the  normal  diapason,  or  in  any  aliquot  relation  therewith  as  to  its  rate  of  vibration,  Liasa- 
jous  reflected  a  beam  of  l^ht  from  one  prong  of  the  standard  fork  in  an  upright  position  (upon 
the  prong  of  the  fork  which  is  being  tested,  fixed  in  a  horizontal  position,  and  thence  on  to  a 
screen.  When  the  forks  are  in  perfect  unison,  a  straight  line,  circle,  or  more  or  less  eccentric 
ellipse  will  be  described  on  the  screen  when  both  forks  are  in  vibration,  according  to  the  phases 
of  tiie  vibrations.  If  one  of  the  forks  be  slightly  weighted,  these  curves  will  not  remain  con- 
stant. Similarly,  if  the  two  forks  are  related  as  a  note  and  its  octave,  the  figure  described  ia 
some  modification  of  the  figure  of  8.  In  fact,  the  whole  series  of  phenomena  are  exactly  like 
those  presented  by  Wheatstone's  Ealeidophon,  for  the  conditions  which  produce  them  are  essen- 
tially identical. 

LITHARGE.    Bee  Lead ;  Oxides. 

LITHIC  ACID.    See  Uric  Acid. 

LITHIUM.  A  metallic  element  belonging  to  the  alkali  group.  Atomic  weight  7,  symbol 
Li.  It  occurs  in  very  minute  quantities,  but  is  somewhat  widely  spread.  The  metal  ia  sQver 
white,  much  resembUng  potassium  in  its  properties ;  a  freshly-cut  surface  tarnishes  veiy  readily. 
It  ia  softer  than  lead,  and  may  be  drawn  out  into  wire,  and  welded  together  by  pressure  at  the 
ordinary  temperature.  It  is  the  lightest  known  solid,  its  specific  gravity  being  only  0*57$.  It 
melts  at  iSo**  C.  (356^  F.),  and  at  a  much  higher  temperature  bums  with  a  most  intense 
whiteHght.  When  thrown  on  to  water  it  oxidises  rapidly,  and  floats  about,  but  does  not  medt 
or  inflame.  Thrown  on  to  strong  nitric  acid  it  takes  fire,  burning  with  an  intense  white  lig^t. 
The  following  are  the  most  important  compounds  of  lithium. 

Oxide  of  Lithium  (hydrated)  (LiHO)  is  a  caustic  alkali,  similar  to  canstio  potash,  soluble  in 
water,  and  capable  of  neutralising  addiB  to  form  salts,  which  have  a  great  resembhuice  to  the 
salts  of  the  ower  alkali  metals. 

ChJUmde  cf  Lithium,  (liCl).  This  separates  from  its  aqueous  solution  in  crystals,  having  the 
appearance  and  taste  of  common  salt  (chloride  of  sodium).    It  is  readily  soluble  in  water. 

LITHIUM,  SPECTRUM  OF.  The  spectrum  of  a  lithium  compound,  ignited  in  a  spirit 
flame,  consists  of  one  iutense  crimson  line,  nearly  midway  between  Fraunhofer's  B  and  C.  At 
a  little  higher  temperature,  that  of  a  hydrogen  flame,  for  instance,  a  yellow  line  makes  its  ap^iear- 
ance  ;  and  at  a  still  higher  temperature,  such  as  that  of  the  electnc  arc,  a  brilliant  blue  line 
appears.    (See  Spectrum  Analysis  ;  Spectrum,) 

LITMUS.  A  vegetable  colouring  matter  extracted  from  various  species  of  roecdla  Unetoria, 
&C.  It  is  coloured  blue  by  alkalies  and  red  by  acids,  and,  on  this  account,  is  much  used  in  the 
preparation  of  test  papers. 

LOADSTONE.  {Lcedany  Sax.,  to  lead.)  The  name  given  to  the  magnetic  oxide  of  iron, 
probably  from  the  property  it  has  of  pointing  north  and  south  if  properly  suspended.  The 
magnetic  oxide  of  iron  is  found  in  many  parts  of  the  world, — ^in  Arabia,  Chma,  Bengal,  Mace- 
donia, Germany,  England.  It  is  a  htuxl  stone,  varying  in  colour  from  reddish  bla^  to  deep 
gray.  It  is  composed  of  iron  and  oxygen  in  the  proportion  of  73  parts  of  the  former  to  27  of 
the  latter ;  its  chemical  symbol  is  Fe304.  It  was  discovered  by  the  Greeks,  and  probably  long 
before  them  by  the  Chinese,  that  this  stone  has  the  power  of  attracting  soft  iron,  and  it  has  also 
long  been  known  to  be  capable  of  communicating  attractive  power  to  a  sted.  bar  which  is 
rubbed  with  it.    (See  Mcu/net.) 

LONGITUDE.  {Longitudo.)  In  astronomy  longitude  is  used  in  two  different  senses.  The 
longitude  of  a  star  or  planet  is  the  angle  included  between  two  planes,  both  passing  through  the 
poles  of  the  ecliptic,  one  through  the  first  point  of  Aries,  and  the  other  through  the  star  or 
planet.  It  is  reckoned  from  the  first  point  of  Aries  in  the  order  of  the  signs  horn  d*  to  360°. 
So  far  as  the  stars  are  concerned,  celestial  longitude  may  be  regarded  as  having  passedvaltogether 
into  desuetude.  As  regards  the  planets,  however,  it  is  obviouiBly  convenient  to  retain  the  use  of 
celestial  longitude,  since  these  bodies  always  He  near  the  ecliptic  along  which  longitudes  an 
measured.    (See  QeocentriCf  and  ffeUocerUric.) 

But  the  most  important  use  of  the  tenn  longitude  in  astronomy,  refers  to  terrestrial  longitude, 
or  the  angle  between  two  meridional  planes,  one  passing  through  a  particular  station,  the  other 
a  fixed  plane  of  reference.    We  may  also  describe  the  longitude  of  a  place  as  the  arc  of  a  ssudl 
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circle,  having  the  poles  of  the  earth  as  poles,  intercepted  between  the  two  aforenamed  phmes ; 
or  the  arc  of  the  equator  intercepted  between  those  planes.  Longitude  is  commonly  measured 
east  or  west  of  the  fixed  meridian  through  l8o\  That  meridian  is  different  for  different 
countries.  In  Enghind  the  meridian  of  Greenwich  is  adopted  as  the  origin  whence  longitudes 
are  measured.  In  Paris,  the  meridian  of  Paris  is  adopted ;  in  America,  the  meri&n  of 
Washington  ;  and  so  on. 

The  determination  of  the  longitude  of  any  station  on  the  earth,  whether  on  land  or  on  the 
ocean,  is  of  the  utmost  importance  to  the  astronomical  observer,  the  traveller,  and  the  seaman. 
The  problem  is  not  an  easy  one.  It  is  not  difficult  to  determine  the  hititude  of  any  station 
since  there  is  an  actual  change  in  the  aspect  of  the  heavens  (for  every  hour)  with  any  change  of 
latitude.  But  in  travelling  from  east  to  west  or  from  west  to  east,  there  is  no  change  in  the 
aspect  of  the  heavens  ;  the  stars  seen  at  any  moment  in  one  longitude  being  situated  precisely 
as  tiiey  would  be  seen,  though  not  at  the  same  moment,  from  any  other  station  in  tne  same 
latitude. 

All  methods  of  determining  the  lon^tude  are  based  on  the  fact  that  the  apparent  time  is 
different  for  two  places  separated  by  any  distance  in  longitude.  The  sun  or  any  given  star  will 
cross  the  celestial  meridians  of  the  two  places  at  different  hours,  and  so  also  any  celestial  pheno- 
menon will  occur  at  different  hours  of  apparent  time.  On  the  other  hand,  the  occurrence  of 
any  phenomenon  indicative  of  apparent  time,  as  the  southing  of  the  sun  or  a  star,  will  take 
place  at  different  hours  of  absolute  time. 

For  places  on  land  any  method  by  which  the  difference  of  time  at  two  stations  can  be  deter- 
mined will  serve  to  determine  their  difference  of  longitude.  Formerly  the  method  adopted  was 
to  transfer  chronometers  from  one  place  to  the  other,  repeating  the  journey  backwards  and 
forwards  several  times  in  order  to  eliminate  as  far  as  possible  the  effects  due  to  variation  of 
rate.  Supposing  that  at  each  station  the  sidereal  time  is  accurately  known,  it  is  evident  that 
in  this  way,  the  difference  between  the  sidereal  times  of  the  two  stations  can  be  accurately 
measured.  In  modem  times,  telegraphic  signals  are  more  commonly  employed.  It  is  evident 
that,  if  sigmUs  are  sent  from  one  station  to  the  other  at  the  moment  when  any  celestial  pheno- 
menon as  the  transit  of  a  star  takes  place,  the  difference  of  time  between  the  two  stations  can 
be  accurately  determined. 

Eclipses  of  Jupiter's  satellites  afford  a  rough  method  of  determining  the  longitude,  since  they 
occur  at  the  same  moment  of  absolute  time  as  seen  from  different  parts  of  the  earth.  If  an 
eclipse  or  occultation  were  an  instantaneous  phenomenon,  and  visible  at  the  same  moment 
whatever  telescopic  power  was  employed,  this  method  would  be  the  best  of  all.  As,  however, 
neither  of  these  conditions  holds,  the  method  is  far  from  exact.  Further,  the  tables  of  the 
motioD&of  these  satellites  at  present  in  use,  are  not  exact  enough  to  give  the  time  of  an  eclipse 
or  occultation  with  the  necessary  approach  to  accuracy. 

Occultations  of  fixed  stars  by  the  moon  afford  another  means  of  detennining  the  longitude. 
Since  occultations  do  not  occur  at  the  same  instant  at  different  stations,  processes  of  calculation 
are  required  to  deduce  the  longitude  from  observations  of  occultations. 

The  longitode  of  a  place  can  also  be  determined  by  observations  of  lunar  transits,  because 
the  sidereal  time  of  lunar  transits  is  not  identical  at  different  stations,  and  the  difference  of  time 
serves  to  supply  means  for  calculating  the  difference  of  longitude.  A  form  of  this  method  ia  that 
known  as  the  '*  method  by  moon-adminaUng  start."  It  consists  in  observiog  the  difference  of 
sidereal  time  between  the  transit  of  a  star  close  to  the  moon  and  having  nearly  the  same 
declination.  This  difference,  if  exactly  determined,  gives  the  true  sidereal  time  of  the  moon's 
transit,  and  therefore,  as  before,  the  longitude  of  the  station. 

For  observations  to  be  made  at  sea  other  methods  must  be  adopted.  One  method  is  to  observe 
the  altitude  of  the  sun  at  about  that  part  of  the  day  when  his  altitude  is  changing  most 
rapidly.  This  altitude  being  determined,  and  the  latitude  and  time  of  observation  known,  (the 
latter  from  the  chronometer),  the  longitude  can  be  calculated. 

The  method  of  determining  the  longitude  by  lunar  distances  depends  on  the  same  general 
principle  as  the  lunar  methods  used  on  land.  The  Nautical  Almanac  supplies  the  lunar  dis- 
tances of  certain  bright  stars,  calculated  for  Greenwich ;  and  by  comparing  the  apparent  time 
when  the  lunar  distance  of  a  star  has  a  given  value  with  the  apparent  time  at  Ghreenwich 
when  tibe  star's  lunar  distance  has  that  value,  the  sailor  has  the  means  of  determining  the  longi- 
tude  of  his  ship. 

It  need  hardly  be  said  that  in  the  application  of  all  these  methods  ooirections  for  atmospheric 
refraction,  fta,  must  be  duly  made. 

LONGITUDE,  GEOCENTRIC,  OF  A  HEAVENLY  BODY.    See  Oeoeenirie, 

LONGITUDE,  HELIOCENTRIC,  OF  A  HEAVENLY  BODY.    See  Hdioeaarie, 

LONGITUDE  OF  THE  PERIHELION.    The  heUocentrio  loDgitade  of  that  point  of  * 
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planet's  orbit  which  is  nearest  to  the  snn.  It  is  usually  measured  npon  the  ecliptic  to  the  node, 
and  thence  along  the  orbit  forwards  or  backwards  as  the  case  requires,  the  sum  or  difference  of 
the  arcs  on  the  ecliptic  and  orbit  being  taken  as  the  longitude  of  the  perihelion.  But  this  is 
not  the  just  method.  The  only  correct  mode  of  exhibiting  the  position  of  the  perihelion  of  an 
orbit  ii  to  assign  its  true  heliocentric  longitude  and  latitude. 

LONGITUDINAL  VIBRATIONS.  If  a  smooth  slender  cylindrical  rod  of  wood  be  held 
at  its  centre,  and  one  end  of  it  be  rubbed  in  the  direction  of  its  length  with  a  piece  of  wash 
leather,  covered  with  powdered  resin,  a  musical  note  is  produced  which  varies  with  the  length 
and  material,  and,  to  a  slight  extent,  with  the  thickness  of  the  rod.  The  rod  is  set  into  a 
series  of  longitudinal  vibrations.  The  centre  of  the  rod  remains  at  rest,  and  the  two  exteemities 
are  the  points  in  the  most  violent  vibration.  The  first  is  a  node,  the  second  are  the  centres  of 
segments.  The  condition  of  such  a  rod  is  precisely  like  that  of  a  pipe  of  air  open  at  both  ends, 
and  sounding  its  fundamental  note.  (See  Organ  Pipes.)  For  the  same  material  and  thickness 
the  number  of  vibrations  in  a  given  time  is  inversely  as  the  length.  For  the  same  material 
and  equal  lengths  the  number  of  vibrations  increases  slightly  with  the  thickness.  As  the 
length  of  the  rod  is  half  the  wave  length,  the  latter  can  be  at  once  measured.  Since  the  pitch 
of  the  note  is  the  number  of  vibrations  in  a  given  time,  by  comparing  the  pitch  of  two  notes 
produced,  one  by  an  open  organ  pipe,  and  the  other  by  a  longitudinally  vibrating  rod  of  the 
same  length  as  the  pipe,  or  by  comparing  the  lengths  of  the  two  when  they  produce  the  same 
note,  the  velocity  of  soimd  can  be  ascertained  as  follows :—  Suppose  we  have  to  use  a  rod  of 
deal,  eight  feet  in  length,  to  produce  the  same  note  as  that  given  by  an  open  organ  pipe  six 
inches  long.  The  rate  of  motion  in  the  two  media  must  be  inversely  as  their  lengths,  since 
those  lengths  are  traversed  in  the  same  time.  Hence  the  rates  are  as  x  to  i6.  Accordingly 
sound  travels  through  deal  at  the  rate  of  17,600  feet  i>er  second.  The  same  number  is,  of 
course,  obtained  by  multiplying  by  1 100  (the  rate  of  sound  in  air),  the  ratio  betvreen  the 
pitches  of  the  notes  produced  by  equal  lengths  of  deal  and  air. 

If  a  rod,  fastened  at  one  end,  be  set  in  longitudinal  vibration,  the  fixed  end  will  be  a  node, 
and  the  free  one  the  centre  of  a  segment.  Such  a  rod  therefore  wiU  be  represented  by  an 
oigan  pipe  closed  at  one  end.  Accordingly,  as  before,  the  number  of  vibrations  varies  directly 
with  the  length  of  the  rod.  One  rod  gives  the  octave  above  another  when  it  is  twice  as  long. 
If  two  rods  of  the  same  length  and  material  are  fastened,  one  in  its  centre,  and  the  other  at  its 
extremity,  and  are  set  in  longitudinal  vibration,  the  one  fastened  in  its  centre  will  sound  the 
octave  above  the  other. 

If  a  wire  fastened  at  both  ends  be  set  in  longitudinal  vibration,  each  end  will  be  a  node,  and 
the  middle  the  centre  of  a  s^ment. 

LONG-SIGHTEDNESS.  This  imperfection  of  sight  is  due  to  the  erygtaUine  laii  herng 
insufficiently  convex,  thus  causing  images  of  objects  to  come  to  a  distinct  focus,  not  on  the  retina, 
but  a  little  behind  it.  This  may  be  perfectly  remedied  by  assisting  the  insufficient  convexity 
of  the  crystalline  lens  by  placing  a  slightly  convex  lens  in  front  of  the  eye.  (See  Eye; 
Spectades.) 

LOOKING-GLASS,    ^e  Mimyr. 

LOOMING.  A  phenomenon  of  unusual  refraction,  by  which  coasts,  mountains,  and  ships,  en 
or  below  the  horizon  at  sea^  appear  elevated  above  it,  and  sometimes  inverted.  (See  RtfracUony 
Unurual.) 

LOSS  OF  LIGHT  BY  PASSING  THROUGH  GLASS  SHADES.  As  coal  gas  is 
almost  always  surrounded  with?  a  glass  shade  when  it  is  burnt,  it  is  of  interest  to  know  the 
amount  of  loss  occasioned  by  the  passage  of  Ught  through  the  substance  of  which  the  shade  Is 
composed.    Dr.  Letheby  gives  the  following  table  :-— 

Loss  Per  Gent 

Clear  gla^s, 12 

Slightly  ground  in  pattern,     .        •        •        •        •        24 

Half  ground, 35 

All  ground, 40 

Opal  glass,      •• ,60 

LOUDNESS  OF  SOUND.  The  loudness  of  one  sound,  as  compared  with  that  of  another 
being  a  nervous  effect,  is  incapable  of  mathematical  representation.  If  the  intensity  of  Uie 
sound  is  proportional  to  the  bending  of  the  drum  of  the  ear,  then  it  is  also  proportional  to  the 
amplitude  of  the  vibration  of  the  particles  of  air.  If  it  is  proportional  to  the  strength  of  the 
blow  which  the  ear  receives,  then  it  varies  with  the  square  of  the  amplitude.  Two  notes  of 
one  pitch,  but  of  different  degrees  of  loudness,  are  sounded  at  such  distances  from  the  ear  that 
they  seem  equally  loud.    We  find  that  the  amplitude  of  the  vibrations  of  the  two  notes  at  the 


LOW  839  LUN 

ear  arc  equal.  From  the  fact  that  the  sound  varies  in  mechanical  intensity,  inversely  as  the 
sqnare  of  the  distance  from  the  sonrce,  it  is  usual  to  consider  the  audible  intensitj  as  varyiDg 
directly  with  the  square  of  the  amplitude. 

LOWE'S  PHOTOMETER.    See  Jet  Photometer. 

LU£IIICANT.  {Lubricutf  smooth,  slippery ;  lubricans,  making  smooth.)  Any  substance 
applied  to  make  one  body  glide  over  another,  or  to  facilitate  the  motion  of  bodies  in  contact,  by 
diminishing  friction.  Viscous  liquids  are  generally  used  for  this  purpose,  although  very  finely- 
powdered  plumbago  has  been  found  useful  in  diminishing  friction  between  highly-polished 
metallic  surfaces  of  machinery.  Lubricants  reduce  friction  by  filling  up  the  interstices  between 
the  particles  on  the  suriaces  in  contact,  and  so  preventing  their  interlacement.  Gonsequentiy 
the  more  viscous  substances  are  used  where  the  surfaces  are  rough,  and  the  more  fluid  between 
polished  surfaces.  Thus  tallow  or  some  viscous  grease  is  used  when  metal  moves  upon  wood, 
&c. ;  but;  in  the  case  of  metallic  surfaces  only,  oil  is  employed,  its  fineness  increasing  with  the 
hardness  and  smoothness  of  the  metoL     (See  Friction.) 

LUiirNIFEROUS  ETHER.    See  Etherj  Luminiferoui. 

LUMINOSITY  OF  FLAME.    See  Flame,  LuminotUy  of. 

LUMINOUS  RAY,  PENCIL,  SHEAF,  BEAM,  or  FASCICULUS.  These  tenns  are 
applied  almost  indiscriminately  ;  they  generally  refer  to  the  path  of  a  line  of  lij^ht  of  a  definite 
width  and  thickness.  A  pencil  or  beam  is  supposed  to  oonsist  of  a  multitude  of  rays,  whi<^ 
may  be  parallel,  convergent,  or  divergent. 

LUNAR,  CAUSTIC.    See  Nitrates;  NitraU of  SUver. 

LUNAR  DISTANCES.    A  method  of  determining  the  longitude  at  sea.    (See  LongUude.) 

LUNAR  THEORY.  The  mathematical  analysis  of  the  perturbations  to  which  the  motions 
of  the  moon  are  subject. 

An  account  of  the  processes  by  which  mathematicians  have  mastered,  or  are  mastering,  all 
the  peculiarities  of  the  lunar  movements,  would  be  wholly  out  of  place  in  such  a  treatise  as  the 
present.  We  propose,  however,  to  state  the  general  nature  of  the  chief  phenomena  of  lunar 
motion. 

For  convenience,  we  may  regard  the  earth  as  at  rest,  the  moon  circulating  round  her  once  in 
a  sidereal  lunar  month,  the  sun  once  in  a  sidereal  year.  Now,  since  thiB  imagined  orbital 
motion  of  the  sun  takes  place  outside  the  moon's  orbit,  it  will  be  obvious  that  on  tiie  whole  tiie 
action  of  the  sun  must  tend  to  draw  the  moon  away  from  the  earth,  or,  in  other  words,  to 
diminish  the  earth's  influence  over  her  satellite.  But  it  is  only  on  the  whole^  that  is,  In  consi- 
dering a  complete  lunation,  that  the  sun's  action  is  of  this  nature.  When  the  line  from  the 
moon  to  the  earth  is  at  right  angles  to  the  line  from  the  sun  to  the  earth,  the  sun  evidently  acts 
to  increase  the  moon's  tendency  towards  the  earth's  centre.  On  the  other  hand,  when  the  moon, 
earth,  and  sun  ore  in  the  same  line,  the  sun  acts  to  diminish  the  earth's  influence  on  the  moon, 
for  if  the  moon  be  beyond  the  earth  he  puUs  the  earth  more  than  the  moon,  that  is,  he  tends  to 
pull  the  earth  away  from  the  moon,  whereas,  when  the  moon  is  between  the  earth  and  the  sun, 
the  sun  pulls  the  moon  more  than  the  earth,  or  tends  to  pull  the  moon  away  from  the  earth  :  in 
either  case  then  he  tends  to  diminish  the  force  which  tends  to  draw  the  earth  and  moon  to- 
gether. 

The  Moon*8  Annual  EgwUion.  The  action  of  the  sun  in  diminishing  the  earth's  influence  over 
the  moon,  taking  the  balance  of  effects  accruing  during  a  single  lunation,  will  clearly  be  greater 
or  smaller  according  as  the  sun  is  nearer  to,  or  fisher  from,  the  earth.  Hence  during  those  luna* 
tions  which  occur  when  the  earth  is  near  perihelion,  the  moon's  orbital  period  will  be  longer  than 
during  tiiose  lunations  when  the  earth  is  near  aphelion.  Hence  the  winter  lunations  are  longer 
the  sunmier  ones. 

Further,  since  in  winter  the  moon  thus  lags,  while  in  summer  she  hastens  her  movements,  it 
is  obvious  that  an  equation  precisely  resembling  in  character  that  applied  to  the  sun  (see  Equc^ 
turn  of  the  Centre),  has  to  be  applied  to  the  moon's  mean  motion.  The  greatest  amount  by 
which,  so  far  as  this  cause  is  considered,  she  gets  in  advance  o^  or  f aOs  behind  her  mean  place, 
is  about  id.    This  inequality  was  detected  by  Tycho  Brahe. 

The  Moon*8  Variation.  Since  the  sun  acts  most  strongly  to  diminish  the  earth's  influence  on 
the  moon,  when  the  moon  Ib  nearly  at  new  or  full,  or  in  tyzygy,  and  to  increase  the  earth's  in- 
fluence on  the  moon  when  the  moon  is  at  her  quadratures,  we  see  that  so  far  as  this  radial 
influence  is  concerned,  the  moon  should  move  most  slowly  when  in  tyzygy,  and  most  swiftiy  when 
in  quadrature,  and  therefore  there  must  be  acceleration  in  passing  from  syzygy  to  qua<hrature, 
and  retardation  in  passing  from  quadrature  to  sjzygy.  But  in  considering  the  moon's  motion 
throughout  a  complete  lunation,  another  mode  of  action  exerted  by  the  sun  has  to  be  consi- 
dered, viz.,  that  tangential  action  which  tends  to  accelerate  or  retard  the  moon's  motion  directiy. 
Now  it  is  to  be  carefully  rouembered  that  it  is  not  the  sun's  action  on  the  moon  alone  that  is 
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here  in  question,  bat  the  difference  between  his  actions  on  the  moon  and  earth.  It  is  veiy 
common  to  see  the  son's  action  on  the  moon  as  she  passes  from  fall  to  new  (that  is,  from  farther 
to  nearer  syzygy),  described  as  aooelerative,  bat  in  reality  it  is  only  in  the  nearer  half  of  this 
coarse  that  the  san  acts  acceleratively,  and  this  becaase  his  action  on  the  moon  exceeds  his 
action  on  the  earth ;  in  the  other  half,  his  action  tends  to  retard  the  moon.  Similarly  as  the 
moon  passes  from  nearer  to  farther  syzygy,  the  san's  tangential  action  retards  her  motion  in  the 
first  half,  and  accelerates  her  motion  in  the  farther  half.  It  appears  then  that  the  radial  and 
tangential  forces  have  contraiy  effects,  so  far  as  the  moon's  orbital  velocity  is  concerned. 

But  the  tangential  force  has  the  greater  effect,  so  that  in  each  lunation  the  moon's  velocity  is 
greatest  when  she  is  in  syzygy,  and  least  when  she  is  nearly  in  quadrature.  The  inequality  thus 
arising  is  called  the  moon's  variation,  and  its  wiAYimnTn  value  is  32'.  This  inequality  was  also 
discovered  by  Tycho  Brahe. 

The  Moon's  Parallactic  Inequality.  If  the  sun's  distance  were  indefinitely  great  compazed 
with  the  moon's,  his  disturbing  influence  would  be  as  great  when  the  moon  was  traverong  the 
half  of  her  orbit  which  lies  farthest  from  him,  as  when  she  was  traversing  the  nearer  half.  As, 
however,  though  the  ratio  which  the  sun's  distance  bears  to  the  moon's  is  very  great,  it  is  yet 
not  infinite,  there  arises  a  small  inequality  due  to  the  fact  that  the  moon's  distance  from  the 
sun  at  the  time  of  full  moon  does  not  bear  to  the  earth's  distance  from  the  sun,  a  ratio  quite 
equal  to  that  which  the  earth's  distance  from  the  sun  bears  to  the  moon's  distance  from  him  at 
the  time  of  new  moon.  The  inequality  is  small,  never  exceeding  2',  but  it  is  quite  recognis- 
able, and  has  supplied  one  of  the  most  ^ective  modes  of  measuring  the  sun's  distance,  sinoe 
deariy  its  extent  depends  on  the  ratio  which  the  sun's  distance  bean  to  the  moon's. 

The  changes  in  the  inclination  of  the  moon's  orbit,  and  the  position  of  the  nodes,  and  those  In 
the  eccentricity  and  the  position  of  the  perigee,  can  only  be  properly  dealt  with  in  a  set  treatiseL 
The  reader  is  referred  to  Mr.  Airy's  work  on  Gravitation. 

Inequalities  depending  on  the  oblateness  of  the  earth's  figure,  though  small,  are  interestiiig; 
as  supplying  the  means  of  determining  the  compression  of  the  teirestrial  globe.  The  estimated 
compression  is  ^7,  oonesponding  very  closely  with  the  results  which  have  been  obtained  by 
other  methods. 

The  Accderation  of  the  Moon*8  Mean  Motion  is  described  under  that  heading. 

The  influence  of  Uie  planets  on  the  moon  is  insensible,  except  in  the  case  of  Venus,  the  pecu- 
liar relation  of  whose  period  to  the  earth's  (see  Venus),  causes  an  inequality  of  long  period  to 
affect  the  lunar  motions. 

LUNATION.    See  Month,  Synodical. 

LUNI-SOLAR  Beferable  to  both  the  sun  and  moon, — as  the  luni-solar  precession,  or  the 
total  amount  of  precession  produced  by  the  action  of  the  sun  and  moon. 

LUPUS.  (The  Wolf.)  One  of  Ptolemy's  southern  constellations.  It  is  represented  in 
maps  as  transfixed  by  the  spear  of  Gentaurus.  There  appears  to  have  been  some  doubt  amongst 
ancient  astronomers  as  to  the  true  title  of  this  asterism.  They  were  agreed  that  it  represents 
some  offering  which  Gentaurus  is  placing  on  the  altar  (represented  by  the  stars  of  Ara),  but 
differed  as  to  what  that  offering  might  be.  Only  a  portion  of  this  constellation  rises  above  the 
horizon  of  London,  and  these  are  seen  under  unfavourable  atmospheric  conditions,  yet  some  of 
them  are  included  in  Flamstead's  list. 

LYNX.  (The  Lynx.)  One  of  the  constellations  formed  by  Hevelius.  It  contains  few  oon- 
spicuous  stars,  but  many  objects  of  great  interest  to  the  telescopist,  a  large  proportion  of  its 
lueida  being  double. 

LYRA.  (The  Lyre.)  One  of  Ptolemy's  northern  constellations.  Though  not  of  great  ex- 
tent, this  constellation  is  a  very  rich  one.  The  brilliant  Vega  is  its  chief  orb.  The  star  Beta 
LyrsB  is  a  remarkable  variable.  (See  Stars^  Variable.)  Between  Beta  and  Gamma  is  situated 
the  remarkable  ring-nebula  57  Messier.  This  is  one  of  those  nebuls  which  Mr.  Huggins  has 
discovered  to  be  gaseous.  The  whole  of  Lyra  is  rich  in  objects  of  interest,  the  numb^  of  com- 
pound star  systems  being  surprisingly  great.  Of  these,  perhaps  the  most  interesting  to  the 
telescopist  is  the  quadruple  system  formed  by  the  two  double  stars  e^  and  ^  Lyra.  To  the 
naked  eye  these  stars  appear  as  one,  though  exhibiting  a  somewhat  elongated  appearance  and 
even  separable  by  exceptionally  acute  vision.  In  a  small  telescope  they  are  seen  as  a  wide 
double  ;  and  in  telescopes  of  considerable  power  each  component  is  seen  to  be  a  close  double. 
All  four  stars  appear  to  form  one  system,  since  both  c^  and  e^  are  reoQgnised  bioaries,  while 
they  are  travelling  with  a  common  proper  motjon. 


MAO  841  liAG 

M 

MAOHIN!C«.  Any  oontriyance  for  transmitting  force  from  one  point  to  another  or  for  in- 
creasing or  regulating  the  effect  of  a  given  force.  The  simpU  maehina  are  the  lever,  the  wheel 
and  aaie,  the  puUei/f  the  indined  pfane^  the  screw,  the  wedge.  Compound  machines  consist  of 
combinations  of  these  shnple  machines.  They  admit  of  in&iite  variations  and  adaptations,  bat 
there  are  certain  hiws  fonnd  to  apply  to  all  machines.  The  work  of  a  machine  is  measnred  by 
the  amount  of  resistance  overcome  in  a  given  time.  An  important  empirical  law,  due  to  Euler, 
gives  the  relation  which  must  subsist  between  the  speed  and  the  resistance  in  order  l^t  the 
e£fect  may  be  a  maximimi.  The  load  or  resistance  should  be  about  four-ninths  of  that  which 
would  exactly  counteract  the  power  or  keep  the  machine  at  rest,  and  the  velocity  of  the  point 
or  points  of  application  of  the  power  should  be  one-third  of  their  greatest  velocity.  When 
these  two  conditions  atre  fulfilled  the  machine  will  work  to  the  greatest  possible  advantage. 
Thus  a  mill  will  do  the  greatest  amoimt  of  work  in  a  given  time  when  the  wheel  has  one-third 
of  its  greatest  possible  velocity,  and  overcomes  a  resistance  equal  to  four-ninths  of  the  greatest 
resistance  against  which  it  can  move ;  an  animal  will  accomplish  the  greatest  amount  of  work 
in  a  given  time  when  it  moves  with  one-third  of  its  greatest  speed  and  is  loaded  with  four- 
nintbs  of  the  greatest  load  it  is  capable  of  moving.  (Moseley's  Mechanics  AjipUed  to  the  Arts; 
Gregory's  Mechanics  ;  Coriole's  De  VEjfet  des  Machines.) 

MACULiS.    (Spots.)    The  solar  spots.    See  Sun. 

MADDKB.  The  root  of  a  plant  belonging  to  the  order  of  JRtthtacecs,  amongst  which  are  in- 
cluded some  valuable  plants,  such  as  the  cinchona^  ipecacuanha^  and  cofifee.  The  madder  plant 
is  the  Hubia  Tinctoria.  The  value  of  madder  in  dyeing  and  calico  printing  depends  upon  the 
many  different  colours  which  can  be  dyed  bv  its  means.  Thus  an  iron  mordant  gives  purple 
shades  from  delicate  mauve  to  black  ;  another  mordant,  alumina,  gives  red  shades,  from  the 
palest  pink  to  deep  crimson,  including  the  brilliant  and  well-known  Turkey  red ;  and,  by  appro- 
priate admixture  of  these  mordants,  varieties  of  chocolate  brown  are  produced.  These  colours 
are  all  very  permanent.    The  colouring  principle  of  madder  is  alizarine  (which  see). 

MAGELLANIC  CLOUDS.    See  NvhecuUz. 

MAGENTA.    See  AnUine. 

MAGIC  LANTERN.  An  optical  instrument,  consisting  essentially  of  a  dark  box,  contain- 
ing a  system  of  convex  lenses  attached  to  one  of  its  sides,  and  an  arrangement  for  holding 
transparent  pictures  a  little  beyond  the  principal  focus  of  the  combination  of  lenses.  A  strong 
light  from  an  oil  or  gas  lamp,  the  lime  light,  or  electric  light,  &c.,  being  placed  inside  the  box, 
and  condensed  upon  the  picture,  the  convex  lenses  project  a  magnified  image  of  the  picture 
upon  a  white  screen  placed  in  front. 

MAGNESIA.    See  Magnesium. 

MAGNESIA  LIGHT.    See  Lime  Light. 

MAGNESITE.     See  Carbon;  CarbonaU  qf  Magnesium. 

MAGNESIUM.  A  beautiful  silver-white  metal,  much  resembling  zinc  in  its  chemical  pro- 
perties. Symbol  Mg.  Atomic  weight  24*3.  Specific  gravity  1 7  J.  It  melts  at  a  red  heat,  and 
takes  fire  at  about  tibe  same  temperature  in  the  air,  burning  with  an  intensely-brilliant  white 
light.  A  wire  or  ribbon  of  magnesium,  lighted  at  one  end,  will  continue  to  bum  like  a  wax 
taper,  and  is  in  constant  use  for  pyrotecSmic  and  illuminating  purposes,  especially  in  photo- 
graphy, owing  to  its  richness  in  actinic  rays.  When  burning,  it  evolves  dense  white  douds  of 
its  oxide,  magnesia.  Magnesium  does  not  tarnish  in  diy  air,  but  it  soon  becomes  covered  with 
a  white  coating  of  oxide  in  the  damp.    It  only  forms  one  oxide  which  is 

Magnesia  (Mg  O),  a  light,  white,  tasteless,  and  inodorous  powder,  of  specific  gravity  about 
3' I.  It  is  very  slightly  soluble  in  water,  commimicating  to  it  a  faint  alkaline  reaction.  It  dis- 
solves easily  in  acids,  fonning  salts  of  magnesium,  whi(^  are  for  the  most  part  easily  ciystsl- 
lisable. 

Chloride  of  Magnesium  (Mg  01,).  This  is  a  white  crystalline  mass  of  a  pearly  lustre,  melting 
at  a  red  heat,  and  readily  soluble  in  water.  With  increase  of  temperature  the  hydrated  chloride 
(MgCls3H,0)  crystallises  out  on  evaporation  from  this  solution.  When  this  is  heated, 
water  and  hydrochloric  add  are  evolved,  and  magnesia  is  left  behind.  The  other  salts  ci 
magnesium  will  be  described  under  the  re^ective  adds. 

MAGNET.  (From  the  Greek  fidyrris.)  A  body  which  has  the  property  of  attracting  iron 
and  certain  other  metals  in  a  particular  manner,  is  called  a  magnet.  There  are  permanent 
magnets  and  temporary  magnets.  The  latter  are  treated  of  under  the  names  EUcksHnagnU 
and  Blectro^magneUsnk  Ot  pennanent  magnets^  there  are  vatwnU  magnets  and  artificial 
magnets. 
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Natvtral  Magnets.  In  Magnesia,  a  city  of  Lydia  (hence  probably  itAyv7ii\  a  stone  was  foond 
which,  it  was  well  known  to  the  Greeks,  had  the  property  of  attracting  or  drawing  to  itaelf 
Email  masses  of  iron.  The  Chinese  also,  as  it  appears  from  ancient  manuscripts,  were  acquainted 
with  this  stone,  and  with  eertain  other  properties  which  it  possesses.  It  is  now  found  in  many 
parts  of  the  world,  in  Arabia^  China,  India,  Macedonia,  Germany,  Norway,  and  England.  It 
is  conmionly  called  loadstone,  and  is  known  to  chemists  under  the  name  of  magnetic  oxide  of 
iron.  It  consists  of  iron  and  oxygen  combined  together  in  the  proportion  of  about  73  parts  of 
the  former  to  27  of  the  latter,  and  is  designated  by  the  formula  ^^04.  It  is  a  heavy,  hard 
stone,  of  colour  varying  from  red  to  brown  and  blsick.  This  stone  attracts  iron,  and  forma  a 
natural  magnet. 

If  a  piece  of  it  be  rolled  in  iron  filings,  it  will  be  found,  as  a  general  rule,  that  the  filings  ad- 
here more  thickly  to  two  points  at  opposite  sides  of  the  mass  than  to  any  other  parts,  and  that 
between  these  there  is  a  region  going  round  the  mass  which  has  comparatively  Uttle  attractive 
power.  These  points  are  commonly  called  the  magnetic  poles,  a  line  joining  them  the  magnetic 
axis,  and  the  apparently  attractionless  region  the  magnetic  equator.  Now,  if  the  magnet  be 
suspended  so  as  to  be  capable  of  turning  in  any  direction,  it  is  found  to  take  up  a  pecuUar  and 
definite  position  with  regard  to  the  earth.  In  our  part  of  the  earth's  surface  the  magnetic  axis 
points  nearly  north  and  south,  the  same  end  of  it  always  pointing  northward,  and,  at  the  same 
time,  it  dips  downwards  towards  the  north — ^that  is,  naakes  an  angle  acute  towards  the  north, 
with  the  horizontal  plane.  The  direction  in  which  the  magnetic  axis  points  depends  upon  the 
position  upon  the  earth's  surface,  but  at  any  particular  plaice  and  time  it  is  fixed  and  definite. 
A  full  account  of  this  property  is  to  be  found  in  the  proper  place. 

Again,  if  a  piece  of  soft  iron  be  brought  near  to  the  magnet,  it  is  attracted,  and,  at  the  same 
time,  it  acquires  the  property  temporanly  of  attracting  other  masses  of  iron.  Thus,  a  piece  of 
soft  iron  may  be  suspended  from  the  stone,  and  to  the  extremity  of  that  piece  another  piece 
may  be  made  to  attach  itself  by  attraction,  and  a  third  to  the  second.  On  removing  the  iron 
from  the  influence  of  the  magnet,  howevei^  the  property  of  attraction  entirely  vanishes  from  it. 
This  phenomenon  is  called  ma{/netic  induction.  (See  Induction^  Magnetic.)  Lastly,  if  a  bar  of 
hard  steel  be  rubbed  from  end  to  end  with  the  magnetic  stone,  it  acquires  the  property  per- 
manently of  attracting  just  as  does  the  natural  magnet,  and  hence  we  come  to 

Artificial  Magnets.  Under  this  head  we  shall  describe  more  particularly  the  propertieB 
of  nu^gnets  with  the  preliminary  remark,  that  all  we  have  to  say  applies  equally  to  the  natural 
magnet,  except  that,  owing  to  its  usually  irregular  shape,  some  of  these  properties  do  not  dis- 
play themselves  so  definitely,  and  are  more  difficult  to  examine  in  it.  The  methods  of  making 
artificial  magnets  are  described  under  Magnetisation.  The  best  magnets  are  formed  of  cast- 
steel,  which  is  m^de  as  hard  as  possible,  in  the  first  instance,  and  afterwards  let  down  to  a 
temper  somewhat  below  that  known  as  '*  drill  temper."  Magnets  are  generally  made  either 
in  the  form  of  a  straight  bar,  or  of  a  bar  bent  round  into  the  form  of  a  horse-shoe.  The  horse- 
shoe magnet  is  most  convenient  for  lifting  purposes,  but  for  many  others  the  bar-magnet  is  best. 
Compound  magnets,  formed  of  a  number  of  plates,  each  separately  magnetised,  and  then  at- 
tached together,  are  abo  frequently  used,  the  magnetic  power  obtained  in  this  way  being  greater 
than  in  the  simple  magnet  of  equal  weight.  As  has  been  remarked,  these  steel  bars,  on  being 
rubbed  with  the  loadstone,  become  themselves  permanently  magnetic,  and  they  also  acquire  the 
power  of  magnetising  other  bars :  by  making  a  large  number  of  weak  magnets,  and  afterwards  using 
them  in  bundles  to  magnetise  each  other,  or  to  make  new  magnets,  a  very  high  degree  of  power  can 
be  obtained.  The  natund  magnet  seldom  possesses  very  great  power  for  lifting.  It  is  much  im- 
proved if  it  is  trimmed  into  a  regular  shape,  the  poles  being  kept  as  far  distant  as  possible,  and 
furnished  with  armatures  (9. v.),  which  consist  of  soft  iron  pieces  attached  to  the  magnetic  mass 
covering  the  poles,  and  brought  round  so  as  to  project  beyond  it  in  the  form  of  two  feet.  In 
this  way  the  lifting  power  of  both  poles  is  brought  to  bear  upon  the  same  mass  to  be  lifted. 
Even  prepared  in  this  way  the  natural  magnet  rarely  lifts  more  than  its  own  weight.  There 
are  some  remarkable  instances  on  record  in  which  this  has  been  exceeded,  but  they  are  few. 
The  lifting  power  of  the  artificial  magnet  depends  much  upon  its  form,  and  the  way  in  which 
it  has  been  magnetised.  Dr.  Knight  was  particularly  successful  with  his  method  of  *'  separated 
touch  "  {q.v.),  whether  it  was  from  any  peculiar  advantage  in  the  method,  or  from  his  own  per- 
severance and  skill.  But  by  far  the  most  powerful  permanent  magnets  are  obtainable  from 
magnetisation  by  means  of  the  electric  current.  This  is  performed  by  placing  the  bar  to  be 
magnetised  in  a  spiral,  through  which  an  electric  current  is  passing,  and  moving  it  backwards 
and  forwards  along  the  axis  of  the  spiral.  In  this  way  Logeman  of  Haerlem  obtained  magnets  one 
of  which  would  lift  twenty-seven  times  its  own  weight,  and  which  were  exhibited  at  the  meeting  o£ 
the  Britie^  Association  in  1850  by  Sir  David  Brewster.    The  lifting  power  of  a  magnet  does  not 
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increase  in  simple  proportion  to  its  mass.   Hacker  gives  a  formula  to  express  P  the  weight  lifted 
by  a  magnet  whose  own  weight  is  W. 

P=axw* 
that  is  to  say  the  weight  lifted,  P,  is  equal  to  a  constant  a,  which  depends  upon  the  method  of 
magnetiBation,  multiplied  by  the  cube  root  of  the  square  of  the  weight  of  the  magnet.  Thus,  if 
a  magnet  weighing  i  pound  lifts  lo  pounds,  a  similar  magnet  similarly  magnetised  and  weigh- 
ing 8  pounds  would  only  lift  40  pounds.  It  is  found  preferable,  in  order  to  obtain  the  greatest 
amount  of  lifting  power,  instead  of  using  a  large  compact  mass  of  steel,  to  magnetise  a  number 
of  thin  plates  of  the  required  shape  and  afterwards  attach  them  together.  This  is  done  by 
means  of  a  soft  iron  armature  which  is  fastened  over  the  extremities  of  the  bars,  and  which,  in 
contact  with  them  becomes,  as  has  been  already  explained,  itself  a  magnet.  Also  in  order  to 
preserve  the  power  of  a  magnet,  another  soft  iron  piece  is  made  use  of,  which  is  called  the 
keeper.  In  the  case  of  the  horse-shoe  magnet,  the  keeper  is  a  straight  piece  of  very  soft  iron 
put  in  contact  with  both  poles.  In  the  caae  of  bar  magnets,  two  or  more  are  generally  laid  side 
by  side  with  their  opposite  poles  (see  MagnetUm)  towards  the  same  parts,  and  a  soft  iron  keeper 
at  each  end  connects  them. 

Point  of  ScUuration  ;  CoercUivt  Force.    In  magnetising  a  bar  with  a  very  powerful  magnet,  it 
ifi  found  tiiat  it  is  possible  to  communicate  to  it  a  greater  amount  of  power  than  it  can  retain 
permanently.    There  is,  in  fact,  a  limit  for  any  particular  bar  to  the  intensity  of  permanent 
magnetisation  ;  and  if  tiie  bar  be  nuignetised  to  a  higher  point  it  gradually  loses  its  magnetism 
till  it  reaches  this  limit,  after  which,  under  ordinary  circumstances,  it  remains  constant.     The 
bar  when  magnetised  as  highly  as  possible  is  said  to  be  saturated  or  to  be  magnetised  to  tatura- 
tion.    The  point  of  saturation  depends  entirely  upon  the  molecular  condition  of  the  steel.    It 
has  been  already  remarked  that  soft  iron  has  not  the  slightest  power  of  retaining  magnetism, 
while  hard  steel  possesses  this  faculty  to  a  very  high  degree  ;  and  it  is  found  also  that  magnetisa- 
tion by  induction  takes  place  with  greater  readiness  in  soft  iron  than  in  steel.    There  appears 
to  be  a  force  depending  upon  molecular  arrangement  which  acts  to  prevent  the  assumption  of 
the  strained  or  polarised  condition  of  the  steel  bar,  but  which,  when  once  this  strained  condi- 
tion has  been  taken  on,  in  a  similar  way  prevents  the  loss  of  it,  or  the  change  back  to  the  natu- 
ral state.    This  force  generally  goes  by  the  name  of  the  coerdtive  forcej  though  it  cannot  be 
said  that  anything  very  definite  is  known  respecting  it.    As  a  matter  of  f act^  however,  what- 
ever changes  the  molecular  condition  of  the  bar  alter?  the  power  which  it  has  of  acquiring  and 
retaining  magnetism.    A  soft  iron  bar,  if  it  be  hammered  or  twisted  while  under  the  influence 
of  a  neighbouring  magnet,  may  be  permanently  magnetised ;  but  that  which  most  of  all  affects 
this  retentive  powers  is  the  temper  of  the  metal.    Change  of  temperature  also  produces  an 
effect  upon  a  magnetised  bar  ;  the  magnetic  force  being  always  dimimshed  as  the  temperature 
rifles.     If  the  chuiges  ore  small,  the  bar  does  not  permanently  alter,  and  on  cooling  it  again 
resumes  its  former  force  ;  but  on  being  strongly  heated  it  permanenUy  loses  a  certain  amount 
of  its  power,  the  loss  depending  on  the  temperature  to  which  it  has  been  raised  ;  and  when  it 
attains  a  red  heat  it  becomes  completely  demagnetised.     On  the  other  hand,  alteration  of 
temperature  may  be  made  a  means  of  magnetisation  ;  thus  if  a  bar  be  very  strongly  heated,  as 
to  redness,  and  Uien  suddenly  cooled  while  between  the  poles  of  a  powerful  magnet,  it  may 
pennanently  attain  a  very  high  degree  of  magnetic  intensity. 

DistribiUion  of  Magnettnti  in  Permanent  Magnets.  It  has  been  already  stated  with  regard  to 
natural  magnets,  that  there  are  in  general  two  points  at  which  the  magnetic  force  of  the  magnet 
appears  to  be  concentrated.  This  is  even  more  evident  in  the  case  of  artificial  magnets.  If, 
for  example,  a  bar  magnet  be  thrust  into  a  mass  of  iron  filings,  they  are  foimd  to  cover  the 
extremities,  hanging  from  them  in  thick  bunches,  while  to  the  middle  of  the  magnet,  little  or 
none  adheres,  and  from  the  middle  to  the  end,  the  quantity  adhering  is  easily  perceived  gradu- 
ally to  increase.  Coulomb,  by  oscillating  a  sxnall  needle  near  to  different  parts  of  a  large  bar, 
examined  the  distribution  of  the  magnetic  force  at  different  parts  of  it.  He  found  two  places 
of  greatest  intensity,  one  at  a  short  distance  from  each  of  the  ends  ;  thus  in  a  bar  8  inches  long 
he  found  them  i  *6  inches  from  the  extremities.  But  what  is  really  the  case  with  regard  to 
magnetised  bars  is  this,  that  they  may  be  considered  as  being  made  up  of  small  elementary 
bars,  each  of  which  is  itself  a  magnet,  and  that  the  force  at  any  particular  point  is  the  resultant 
foroe  of  all  the  elementary  forces  acting.  Thus  a  bar  magnet  may  be  broken  up  into  a  number 
of  veiy  small  pieces,  and,  when  these  are  examined,  eaich  of  them  is  found  to  be  a  macnet 
having  its  north  and  south  poles  lying  in  the  same  direction  as  those  of  the  bar  from  whioi  it 
Ib  broken.  These,  if  again  put  in  contact,  as  they  were  before  breaking,  will  give  the  same 
effect  as  the  original  magnet. 

The  properties  of  magnets  are  treated  of  nnder  Magnetism;  Attraction  and  Reptdnon,  Mag- 
neUc  ;  Ina/vkCtion^  Magnetvc^  and  other  names  under  which  they  are  known.    Hie  directive  influ- 
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ence  of  the  earth,  which  was  adverted  to  at  the  begimung  of  this  article,  is  considered  nnder 
MagnetUm,  Terrestrial, 

MAGNETIC  ATTRACTION  AND  REPULSION.    See  AUractum  and  JUpuUion,  Mag- 
netic; also  Magnet;  Magnetitm. 
MAGNETIC  AXIS.    See  Axis,  Magnetic. 
MAGNETIC  BATTERY.     See  BaUery,  Magnetic. 
MAGNETIC  CURVES.    See  Curves,  Maanetic, 

MAGNETIC  DECLINATION.  See  Dedination,  Magnetic;  and  Magnetism,  Terrestrial, 
MAGNETIC  DIP.  See  Dip,  Magnetic;  and  Magnetism,  Terrestrial. 
MAGNETIC  ELEMENTS.  The  magnetic  force  at  any  place  on  the  earth*s  surface  is 
completely  defined  if  its  direction  and  magnitude  are  known,  and  these  are  commonly  given  by 
stating  the  magnetic  declination,  indination,  and  intensity,  which  are  called  the  magnetie 
elements.  The  dedination  is  the  angle  which  a  needle  free  to  turn  in  a  horizontal  plane  makes 
with  the  geographical  meridian  ;  the  indination  is  the  angle  which  a  needle,  free  to  turn  in  the 
plane  of  tiie  magnetic  meridian,  makes  with  the  horizontal  plane*;  and  the  intensity  U  the 
absolute  amount  of  the  magnetic  force  at  the  place,  and  is  measured  by  ascertaining  the  velocity 
which  would  be  imparted  to  a  magnetic  pole  of  unit  strength,  and  unit  mass,  in  unit  time. 
For  the  present  year  (1870)  the  magnetic  elements  are  as  follows  at  London  : — 

Declination  .  .  I9'*S5'W. 

Inclination  .  .  ^7^35' 

( Horizontal  Force    .  .  3*03    )      tt  •!.      v  •        mm. 

Intensity,  ]  Vertical  Force        .  .  9-49    f     ^  ^]"lJ^ 

/Total  Force  .  .  10-24    j     gr«ns,  and  seconds. 

MAGNETIC  EQUATOR.  See  Equator,  Magnetic,  and  Adtnic  Line;  and  Magnetism, 
Terrestrial. 

MAGNETIC  FIELD.     See  Fidd,  Magnetic. 

MAGNETIC  FORCE,  LINES  OF.    See  Lines  of  Force,  Magnetic,  and  Field,  Magnetic. 

MAGNETIC  INCLINATION.    See  Dip,  Magnetic,  and  Magnetism,  TerrestriaL 

MAGNETIC  INTENSITY.    See  Intensity,  Magnetic,  and  Fidd,  Magnetic. 

MAGNETIC  MACHINE  ;  or.  Magnetic  BaUery.     See  Battery,    Magnetic 

MAGNETIC  MERIDIAN.  The  plane  of  the  magnetic  meridian  at  any  place  is  a  vertical 
plane  passing  through  the  two  points  where  the  axis  of  a  magnet,  free  to  turn  in  a  horizontal 
plane,  cuts  the  horizon.  Duperry  gave  the  name  **  magnetic  meridians  '*  to  a  system  of  curves 
which  would  be  traced  out  by  moving  always  in  the  direction  in  which  a  declination  compass 
points.  These  lines  all  terminate  in  the  two  magnetic  poles,  one  in  North  America  and  the 
other  south  of  Australia  (see  Magnetism,  Terrestricd),  and  bear  somewhat  the  same  relation  to 
each  other  and  to  the  magnetic  parallels  as  the  geographical  meridians  do  to  each  other  and  to 
the  parallels  of  latitude. 

MAGNETIC  MOMENT.  A  term  used  in  the  mathematical  theory  of  magnetism  and 
in  magnetic  measurements.  In  a  uniform  magnetic  field  two  equal  and  opposite  forces  act 
upon  the  poles  of  the  magnet  tending  to  set  it  so  that  the  line  joining  the  poles  may  be 
parallel  to  the  line  of  magnetic  force.  The  nature  of  this  tendency  is  thus  that  of  a  coup2e  ;  and  if 
the  magnet  be  placed  perpendicular  to  the  lines  of  force  the  amount  of  it  is  proportional  to  the 
intensity  of  the  magnetic  field,  the  strength  of  the  poles,  and  the  length  of  the  magnet.  In  & 
field  of  imit  intensity,  therefore,  the  couple  will  be  measured  by  the  product  of  the  numbers 
expressing  the  strength  of  the  poles  and  the  length  of  the  magnet,  and  this  is  termed  the 
magnetic  moment. 

MAGNETIC  NEEDLE.    See  Needle,  Magnetic. 

MAGNETIC  OBSERVATORY.    See  Observatory,  Magnetic 

MAGNETIC  OXIDE  OF  IRON.    See  Inm;  Magnet;  Loadstone. 

MAGNETIC  PARALLELS.  Lines  drawn  by  Duperry  at  right  angles  to  the  magnetic 
meridians  (q.v.)  They  bear  the  same  relation  to  them  that  the  parallels  of  latitude  do  to  the 
geographical  meridians. 

MAGNETIC  POLES.  It  U  found  that  the  places  of  greatest  manifestation  of  magnetic 
force  occur  near  to  the  extremities  of  a  magnet,  and  these  points  are  very  genendly  call^  the 
poles  of  the  magnet.  The  notions  attached  to  the  name  pole,  as  used  in  conmion  parlance,  is, 
however,  frequently  very  vague.  Mathematicians  define  the  poles  of  a  magnet,  with  reference 
to  the  imaginary  line  called  the  magnetic  axis,  as  the  points  where  the  magnetic  axis  is  termi- 
nated  by  the  surface  of  the  magnet  on  each  side. 

MAGNETIC  SATURATION.    See  Saturation  of  a  Magnet  and  Magnet. 

MAGNETIC  SOUNDS.  If  an  iron  rod  which  is  surrounded  by  a  powerful  coil  is  made  to 
rest  on  a  sounding  board,  and  if  currents  are  then  sent  through  the  coU,  a  tick  is  heard  from 
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the  rod  each  time  the  current  is  broken.  This  noise  has  received  the  name  of  the  magnetic  tick. 
li  the  current  be  suddenly  caused  to  flow,  and  suddenly  stopped  by  means  of  an  ordinary  contact 
breaker,  or  with  the  aid  of  a  file  (see  Break),  the  tick  is  heard  at  each  stoppage  of  the  current. 
The  noise  is  attributed  to  a  sudden  shortening  whieh  the  iron  bar  experiences  on  being  demagnet- 
ised. Wertheim  showed  that  at  magnetisation  a  bar  is  slightly  lengthened,  and  at  demagnet- 
isation slightly  shortened :  and  Joule,  experimenting  on  the  subject,  foimd  in  one  case  an 
elongation  of  iBtf''oog  of  the  whole  length  of  the  bar.  The  sounds  produced  in  this  manner 
have  been  made  use  of  in  the  oonstruction  of  an  acoustical  telegraph  instrument.  (See  Tde- 
phone.) 

MAGNETIC  STOBM.  Humboldt  gave  this  name  to  violent  disturbances  in  the  earth's 
magnetism  which  take  place  from  time  to  time.  The  magnetic  elements,  that  is,  the  de(Mna- 
tion,  inclination,  and  intensity,  are  perpetually  undergoing  gradual  and  periodical  change 
(see  Magnetism  Terrestrial) ;  but  besides  these,  there  are  sudden  and  great  alterations  in  them 
which  take  place  irregularly.  Thus  a  line  traced  out  by  a  self-registering  declinometer  or 
inclinometer  is  always  curved,  and  generally  presents  a  regular  wavy  appearance ;  but  besides  this, 
sudden  abrupt  changes  in  its  contour  are  displayed  at  times,  indicating  unusual  disturbance. 
It  was  soon  observed  that  these  disturbances  have  close  connection  with  certain  meteorological 
phenomena,  and  hence  Himiboldt's  name,  magnetic  storm.  It  is  found  that  a  magnetic  storm  is 
the  universal  concomitant  of  the  aurora  boreidis.  **  In  the  day  that  precedes  the  night  in  whieh 
an  aurora  borealis  should  appear,"  says  De  La  Bive,  '*  the  declination  of  the  needle  to  the 
west  is  always  sensibly  increased  lo',  20',  30',  and  even  more. 

"At  the  middle  and  end  of  the  appearance  the  needle  deviates,  on  the  contrary,  more  to  the 
east  than  it  should  do  in  its  normal  state. 

*' Finally,  the  needle  frequently  undergoes,  during  the  period  of  the  phenomenon  of  the  aurora 
borealis,  irregular  oscillations,  the  amplitude  of  which  may  be  some  minutes  of  a  degree." 

The  same  is  found  to  be  the  case  with  the  aurora  australis,  and  the  other  magnetic  elements 
are  likewise  affected  by  them.  The  influence  of  a  magnetic  storm  extends  itself  over  very 
large  portions  of  the  globe  simultaneously  :  it  has  been  found  that  an  aurora  visible  only  in 
America  or  in  Siberia  is  sensible  to  the  magnetic  needle  at  Paris. 

Little  or  nothing  is  known  of  the  origin  of  the  magnetic  storm  or  of  the  aurora.  The  aurora 
is  pretty  generally  supposed  to  be  due  to  electric  disdiarges  taking  place  through  the  attenuated 
air  at  a  distance  from  the  earth's  surface,  and  the  effect  upon  the  needle  to  be  that  of  a  dis- 
charge taking  place  near  to  it ;  but  whence  these  discharges  and  the  electric  excitement  that 
produces  them  come  is  unexplained.  Sabine  showed  that  for  magnetic  storms  there  is  a  decen- 
nial period  of  greatest  frequency,  which  occurs  simultaneously  wi£h  a  maximum  period  observed 
for  auroras,  and  that  this  time  coincides  with  that  of  the  greatest  frequency  of  solar  spots. 
It  has  been  fully  conflrmedy  that  the  occurrence  of  unusual  sun  spots  is  attended  by  unusual 
magnetic  disturbance. 

MAGNETISATION,  or  the  making  of  artificial  magnets,  is  performed  in  two  principal 
ways,  first,  by  contact  with  other  magnets,  natural  or  utificial ;  and,  secondly,  by  means  of 
the  electric  current.  The  making  of  artificial  magnets  requires  great  care,  otherwise  they  are 
sure  to  be  unevenly  magnetised,  or  perhaps  even  to  possess  consequent  points.  There  are  three 
methods  by  which  the  contact  of  other  magnets  is  applied  to  magnetised  bars :  these  are  com- 
monly called  the  method  of  single  touch,  separated  touch,  and  doiMe  touch.  Magnetisation  by 
single  touch  is  the  simplest,  and  is  performed  in  the  following  way.  The  bar  to  be  magnetised 
is  laid  on  a  table,  and  stroked  from  end  to  end  with  one  extremity  of  a  magnet,  the  stroking 
always  taking  place  in  the  same  direction,  the  magnet  being  lifted  off  after  each  stroke,  and 
brought  back  to  the  first  end  again.  After  twenty  or  thirty  applications  the  bar  is  turned 
over,  and  the  same  operation  performed  on  the  other  side,  and  in  the  same  direction.  When 
this  is  done,  the  bar  wHl  be  found  to  be  magnetised ;  that  end  of  it  at  which  the  magnetiser 
always  left  it  possesses  the  opposite  magnetism  to  that  of  the  pole  with  which  it  was  stroked. 
It  is  very  difi&cult  by  this  method  to  give  even  magnetisation,  nor  are  the  magnets  produced  so 
powerful  as  those  made  by  the  methc^  about  to  be  described.  Its  zecommendation  is  its  sim* 
plicity. 

Magnetisation  hy  separated  touch  was  invented  by  Dr.  Ejiight  in  1745,  and  afterwards  im- 
proved by  DuhameL  As  now  performed  four  magnets  are  used.  Two  of  ^em  are  placed  on 
a  table,  with  their  poles  a  short  distance  apart,  the  opposite  poles  being  near  to  each  other,  and 
the  bar  to  be  magnetised  is  placed  with  its  ends  resting  on  them.  Two  other  magnets  are  then 
taken  and  placed  with  their  extremities,  one  a  north  end,  the  other  a  south  end,  resting  in  the 
middle  of  the  bar,  a  little  billet  of  wood  being  placed  in  the  middle  to  prevent  them  from 
touching.  The  magnets  are  then  drawn  out  to  the  ends  of  the  bar  as  evenly  as  possible,  the  one 
whose  north  end  rests  on  the  bar  going  towards  the  extremity  of  the  bar  that  rests  on  the 
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north  end  of  a  sapporting  magnet.  The  magnets,  when  they  come  to  the  ends,  are  lifted 
up  and  brought  back  without  touching  to  the  middle,  and  again  drawn  outwards  in  the  same 
way.  The  bar  is  afterwards  turned  over  and  stroked  similaily  on  the  other  side.  This  method 
gives  veiy  powerful  and  at  the  same  time  very  even  magnets. 

The  method  of  double  touch  was  invented  by  Mitchell  Four  magnets  are  also  used  in  it,  the 
arrangement  being  similar  to  those  for  separated  touch ;  but  in  stroking  the  bar,  instead  of 
drawing  one  magnet  to  each  end,  the  two  are  moved  backward  and  forward  together  from  end 
to  end,  and  finally  lifted  off  in  the  middle.  Very  powerful  magnets  are  made  by  this  method, 
but  they  are  wanting  in  evenness.  But  by  far  the  most  powerful  magnets  are  obtained  from 
magnetisation  by  means  of  the  electric  current.  The  bar  to  be  magnetised  is  placed  in  the 
axis  of  a  spiral  of  copper  wire,  the  spiral  being  at  the  middle  of  the  bar.  A  powerful  electric 
current  is  then  made  to  pass  through  the  wire,  and  the  bar  is  moved  backwards  and  forwards 
in  the  direction  of  its  length.  After  a  few  passings,  it  is  again  brought  to  its  old  position  with 
the  spiral  in  the  middle  of  it,  and  the  current  is  stopped.  Extremely  powerful  magnets  were 
made  in  this  way  by  M.  Elias  of  Haerlem,  and  Logeman,  who,  however,  kept  the  details  of 
their  process  secret.  

MAGNETISATION  OF  LIGHT.     See  Circular  Polarisation,  induced  by  Magnetic  Action. 

MAGNETISATION  PRODUCED  BY  THE  SUN'S  RAYS.  It  is  somewhat  doubtful 
whether  sunlight  shining  on  a  steel  needle  will  confer  magnetic  power  on  it.  Some  experi- 
mentalists have  recorded  that  by  concentrating  the  violet  end  of  the  spectrum  upon  one  end 
of  a  needle,  it  conferred  magnetic  properties  upon  it,  but  others  have  repeated  the  experiment 
unsuccessfully.  It  is  possible  that  some  such  action  would  be  produced  under  favourable  cir> 
cumstances,  but  the  experiments  require  verification. 

MAGNETISM.  The  science  of  magnetism  treats  of  the  properties  of  certain  bodies  called 
magnetSf  which  are  primarily  known  from  the  power  they  possess  of  attracting  iron  and 
its  compoimds.  It  will  be  our  business  here  to  unfold  these  properties  and  display  the  relations 
of  the  magnetic  to  other  known  forces ;  but  since,  owing  to  the  arranscement  of  this  work,  the 
particular  portions  of  each  subject  are  necessarily  discussed  under  their  respective  particular 
names,  we  shall  be  obliged  to  assume,  to  avoid  circumlocution,  that  the  reader  is  already  to  a 
certain  extent  acquainted  with  some  of  them,  merely  giving  references  here  which  will  enable 
him  to  make  himself  so,  if  he  be  not.  Under  the  words  Magnet,  Magnetisation,  will  be  found  an 
account  of  these  bodies  themselves,  and  of  the  method  of  making  them ;  we  shall  generally 
throughout  this  article  understand  by  a  magnet  a  bar  of  steel  endued  with  the  property  of 
attracting  iron  and  with  certain  others  which  we  are  about  to  specify. 

Distribution  of  Magnetic  Force.  If  a  small  ball  of  soft  iron  be  suspended  by  a  thread,  and  if 
a  magnetised  biu*  be  brought  near  it,  it  will  be  found  that  each  end  of  the  magnet  will  attract 
tke  ball,  but  that  the  middle  of  the  bar  possesses  no  attractive  power  at  alL  Or  if  a  small 
cylinder  of  iron  suspended  from  the  arm  of  a  balance  be  used,  and  a  magnet  passed  from  end 
to  end  under  it,  it  may  easily  be  shown  that  at  the  extremities  of  the  bar  there  is  a  very  power- 
ful attractive  force  which  gradually  diminishes  to  zero  as  we  approach  the  middle.  The  same 
thing  may  be  very  beautifully  shown,  if  the  bar  be  rolled  in  iron  filings ;  the  filings  adhering 
to  the  different  parts  of  it  in  proportion  to  the  attraction  which  those  parts  possess.  It  has 
been  shown  by  Coulomb,  by  means  of  his  torsion  balance,  that  two  points  of  maximum  attrac- 
tion exist,  one  near  to  each  end  of  the  magnet,  and  these  are  frequently  called  the  poles  of  the 
magnet.  Coulomb  showed  that  for  a  short  bar  the  distance  of  the  point  of  greatest  intensity 
from  the  end  is  one-sixth  of  the  length,  and  that  the  thinner  and  longer  the  bar  is  the  nearer  is 
this  point  to  the  extremity  of  it.  With  regard  to  the  internal  distribution  of  the  force  but  little 
that  is  satisfactory  is  known.  Coulomb  tried  to  examine  it  by  tying  bundles  of  bars  together  and 
determining  their  combined  as  weU  as  their  separate  force.  Nobili  also  investigated  the  subject^ 
and  he  found  that  the  force  obtained  by  putting  magnets  together  in  this  way  does  not  at  all 
increase  in  proportion  to  the  number  of  bars.  It  appears  also  from  other  considerations,  that 
in  a  magnetised  bar  the  intensity  of  the  magnetisation  decreases  as  we  go  towards  the  interior, 
and  that  it  may  be  looked  upon  as  made  up  of  layers  of  magnetized  matter,  the  inside  layers 
being  less  magnetised  than  those  exterior  to  them.  When  a  magnetised  bar  is  broken  up  it  is 
found  that  each  little  portion  is  itself  a  magnet,  its  poles  being  in  the  same  direction  with 
regard  to  each  other  as  were  the  poles  of  the  entire  magnet ;  and  if  the  pieces  are  again  put  in 
contact,  the  original  magnet  is  reformed  with  no  alteration,  except^  perlutps^  a  Uttle  weakening 
of  magnetic  power  due  to  disturbance  in  breaking  it. 

Action  of  Magnets  upon  Magnets,  It  is  well  known  to  all,  that  a  magnet,  when  suspended  so  as 
to  be  capable  of  turning  round  a  vertical  axis  perpendicular  to  its  length,  places  itself  so  as  to 
point  nearly  north  and  south,  the  same  end  invariably  pointing  in  the  same  direction.  Of  this 
the  mariner's  compaBs  is  a  sufficiently  familiar  example.    From  this  property  one  end  is  cUstin* 
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gaJBhed  from  the  other ;  and  by  English  writers  that  end  which  points  northwards  is  called  the 
tiorth  end,  that  which  points  southward  the  south  end.  Continental  writers  designate  them 
differently  and  with  more  reason.  (See  Magnetisjtis  Terrestrial.)  If  two  magnets  be  brought 
near  to  each  other,  north  end  to  south  end,  attraction  takes  place  between  them  ;  if,  on  the  other 
hand,  a  north  end  be  presented  to  a  north  end,  or  a  south  end  to  a  south  end,  repulsion  ia  mani- 
fested. Hence  we  have  a  distinction  between  the  forces  exerted  by  the  two  ends  of  a  magnet, 
and  the  rule  that  like  poles  repd  each  other  and  unlike  aitract.  The  laws  which  govern  the 
action  of  one  magnet  upon  another  were  examined  by  Coulomb  in  the  case  of  very  long  and 
yeiy  thin  bars  by  means  of  his  torsion  balance  ;  and  he  came  to  the  conclusion  that  both  for 
attraction  and  reptdgion,  the  force  exerted  between  ttoo  poles  varies  inversely  with  the  square  of  the 
distance  between  them,  and  that  forces  equal  in  amount,  though  opposite  in  direction,  are  exerted  by 
the  poles  of  the  same  magnet  upon  one  pole  of  another  magnet.  These  laws,  when  mathematically 
expressed,  have  been  alwa^  received  as  the  foundation  of  the  dynamics  of  magnetism.  See  a 
paper  by  Sir  W.  Thomson  in  the  Philosophical  Transactions,  Part  L  for  1851,  on  "  A  MatJiemati- 
cal  Theory  of  Ma>gnetism" 

Action  of  Magnets  upon  Bodies  not  in  themselves  Magnets.  It  is  mentioned  above,  and  has 
long  been  known  that  magnets  attract  soft  iron.  This  is  due  to  the  property  which  magnets 
have  of  conferring  upon  certain  bodies,  not  ix^  themselves  magnets,  temporary  magnetism  ;  and 
the  action  which  goes  on  is  called  magnetic  induction.  If  the  ends  of  a  bar  of  solt  iron  in  the 
neighbourhood  of  a  permanent  magnet  be  examined,  they  will  be  found  to  possess  all  the  proper- 
ties of  a  magnet.  Thus,  if  the  north  end  of  a  magnet  be  brought  near  to  one  end  of  the  soft 
iron  bar,  it  will  be  found  that  both  ends  of  the  latter  have  an  attractive  power  for  other  masses 
of  soft  iron,  and  that  the  end  near  to  the  permanent  magnet  is  a  south  pole  end,  the  remote 
end  a  north  pole.  The  induced  southern  magnetism  in  it  and  the  northern  magnetism  of 
permanent  bars  attract  each  other.  Kepulsion  of  course  takes  place  between  the  induced 
northern  magnetism  of  the  soft  iron  bar  and  the  northern  magnetism  of  the  permtment  magnet, 
but  owing  to  the  difference  of  distance  in  the  two  cases,  the  attraction  on  the  whole  prevails. 
This  inductive  effect  may  be  propagated  still  farther.  Thus,  suppose  a  small  cylinder  of  soft 
iron  to  be  allowed  to  attach  itself  by  attraction  to  a  magnet,  magnetism  of  the  kind  similar  to 
that  of  the  pole  with  which  it  is  in  contact  is  developed  at  the  remote  end  of  it.  By  means  of 
this  a  second  cylinder  may  be  attracted,  induction  taking  place  in  it  also ;  and  in  the  same  way 
a  third  and  fourth.  As  soon,  however,  as  the  cylinders  are  removed  from  the  influence  of  the 
magnet  the  attraction  which  they  have  for  each  other  at  once  ceases ;  the  whole  chain  falls  to 
pieces,  each  cylinder  having  returned  to  its  natural  state.  So  much  has  long  been  known  with 
regard  to  the  action  of  magnets  upon  bodies  not  permanently  magnetised,  and  it  was  also  known 
that  a  few  other  bodies,  such  as  nickel  and  cobalt  are  similarly  affected  ;  but  it  was  reserved 
for  Faraday  to  show  that  every  body  without  exception  is  subject  to  the  magnetic  influence, 
and  for  him  and  Thomson  to  revolutionise  the  whole  magnetic  theory. 

According  to  Faraday's  explanation,  the  action  of  a  magnet  is  to  be  conceived  of  as  spread- 
ing all  round  it  in  *'  Unes  of  force  ; "  and  he  speaks  of  the  space  through  which  the  magnetic 
influence  extends  as  a  ^^fidd  offorce^*  or  a  magnetic  fidd.  Close  to  the  magnet,  the  lines  of 
force  are  very  concentrated,  and  the  intensity  of  the  magnetic  field  is  very  great ;  the  lines  of  force 
then  radiate  out  in  all  directions ;  they  are  not,  however,  straight  lines,  and  the  intensity  decreases 
the  farther  we  proceed  from  the  magnet.  He  showed  that  all  bodies  may  be  placed  in  a  series 
according  to  the  tendency  which  they  have  to  occupy  the  intense  portion  of  the  magnetic  field. 
The  following  is  his  anangement  of  them  : — 

Cadmiian. 

Tin. 

Zinc. 

Heavy  Glass. 

Antimony. 

Phosphorus. 

Bismuth. 

Suppose  now  that  a  mass  of  soft  iron  is  suspended  in  air  in  the  idcinity  of  a  magnet.  Since 
tihe  iron  has  a  greater  tendency  than  the  air  to  occupy  the  part  of  the  magnetic  field  of  highest 
intensity — ^that  is,  the  part  nearest  to  the  magnet — it  moves  into  it ;  in  fact,  it  is  attracted.  On 
the  other  hand,  a  crystal  of  bismuth  possesses  less  tendency  than  does  the  air  to  occupy  a  place 
of  high  intensity,  and  it  therefore  gives  place  to  the  air— that  is  to  say,  it  is  repelled.  The 
same  is  true  of  these  bodies  when  they  are  placed  in  vacuo,  air  and  vacuum  having  the  same 
magnetic  power ;  nor  is  the  result  altered  by  incrHam'ng  or  diminirthing  the  density  of  the  air. 


Iron. 

Crown  Glass. 

Copper. 

NickeL 

Platinum. 

Silver. 

Cobalt. 

Osmium. 

Lead. 

Manganese. 

Air  and  Yacnum. 

Water. 

Chromium. 

Arsenic 

Mercury. 

Ceriimi. 

Ether. 

Sodium. 

Titanium. 

AlcohoL 

Flint  Glass. 

Palladium. 

Gold. 
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Heuce  Faraday  was  led  to  assign  to  air  and  yacuum  the  zero  of  magnetic  power,  and  to  call 
those  bodies  which  rank  above  yacuum,  such  as  iron,  paramagnetie  bodies,  those  which,  like 
bismuth,  rank  below  it  diaiiiagneUc  bodies.  The  word  magneticj  he  says,  ought  to  be  general, 
and  to  include  all  the  phenomena  and  effects  produced  by  the  power.  We  regret  that  our  space 
does  not  permit  us  to  enter  more  in  detail  into  these  wonderftd  disooveries.  An  account  of  the 
experiments  which  led  to  them  is  to  be  found  under  Diamagnetism  ;  and  under  Lines  of  Fortty 
and  Fidd^  Magnetic^  are  given  the  outlines  of  that  whidi  now  forms  the  basis  of  the  mathenub- 
tical  theory.  Faraday's  own  beautiful  experiments  are  published  in  the  PhiL  Trans.,  1846, 
1849,  1S50 ;  and  those  specially  on  Lines  of  Magnetic  Force,  in  1852,  and  in  the  Royal  Insti- 
tution Proceedings,  Jan.  23,  1852. 

Effect  of  Magrutism  on  LigJU  and  Heat.  Information  on  this  subject  will  be  found  under 
Circular  Polarisation  induced  by  Magnetic  Action,  We  merely  mention  the  effect  here.  When 
a  ray  of  light  or  heat  passes  through  a  NicoPs  prism,  it  is  polarised;  and  a  second  Nicol's  prism, 
placed  so  Uiat  its  principal  section  is  perpendicular  to  that  of  the  first,  completely  cuts  off  the  ray. 
But  when  certain  substances  are  put  between  the  two  prisms,  the  light  or  heat  appears  again,  the 
plane  of  polarisation  having  been  altered.  This  is  the  case  with  light,  as  was  shown  by  Fara- 
day {Phil.  Trans.,  1846),  if  a  plate  of  glass,  under  the  influence  of  the  poles  of  a  very  powerful 
magnet,  is  arranged  in  this  position,  and  it  was  from  experiments  on  this  subject  that  he  was 
led  to  his  discovery  of  diamagnetism.  Wartmann  subsequently  extended  the  observation  to 
heat  when  a  plate  of  rock-salt  is  similarly  used.  The  laws  of  this  phenomenon  were  carefully^ 
examined  by  Faraday,  and  afterwards  by  other  observers,  and  the  amount  of  rotation  by  various 
transparent  bodies  recorded. 

The  Directive  Action  of  the  Earth  upon  Magnets  is  treated  of  fully  under  Magnetism,  TerreS' 
trial ;  and  the  action  of  currents  upon  magnets,  and  of  magnets  upon  currents,  under  Electro- 
Magnetism  and  Magneto-Electric  Induction. 

Theories  of  Magnetism.  The  first  theory  of  magnetism,  leaving  out  the  old  poetic  theories  of 
the  Greeks,  whid^  endowed  the  magnet  with  a  spirit,  or  supposed  it  to  emit  an  effluviimi  which, 
spreading  ht)m  the  magnet,  seized  and  dragged  the  iron  towards  it,  assumed  the  existence  of 
two  magnetic  fluids,  a  northern  fluid  and  a  southern  fluid.  These  were  supposed  to  attract 
each  other,  and  to  be  each  of  them  repulsive  of  itself.  In  the  natural  condition,  a  mass  of  iron 
contains  these  fluids  intimately  united,  and  in  equal  quantities,  and  the  whole  mass  is  then  in  a 
neutral  condition ;  but  when  a  mass  of  soft  iron  is  brought  near  to  one  pole  of  a  magnet,  the 
fluid  at  that  pole  attracts  the  opposite  fluid  which  pervades  the  iron  bar  towards  itself,  and  re- 
pels the  other,  namely,  that  which  is  similar  to  itself,  to  the  remote  end  of  the  bar,  and  so  the 
soft  iron  becomes  for  ^e  time  a  magnet.  On  removing  the  magnet,  the  two  fluids  meet  to- 
gether again  and  recombine.  In  the  case  of  steel,  however,  things  are  somewhat  different ;  for 
in  it  exists  the  coercitive  force  which,  in  the  first  place,  acts  against  the  separation  of  the  two 
fluids  by  induction.  But  when  the  separation  is  accomplished,  as  by  one  of  the  processes  of 
magnetisation,  the  coercitive  force  acts  so  as  to  prevent  their  recombination,  and  thus  we  have 
a  permanent  magnet.  According  to  this  view,  however,  if  a  bar  of  soft  iron  were  divided  in 
the  middle  while  under  the  influence  of  a  magnet,  or  if  a  permanent  magnet  were  broken,  one- 
half  would  have  an  absolute  charge  of  northern  magnetism,  and  the  other  of  southern  mag- 
netism; but  this  we  know  is  not  the  case,  for  the  pieces  of  a  broken  magnet  pre- 
sents a  pole  at  each  end,  and,  in  fact,  such  a  thing  as  an  absolute  charge  of  one  or  other  fluid 
is  altogether  unknown  to  us.  To  meet  this  difficulty,  it  is  supposed  that  the  molecules,  of 
which  the  magnet  is  composed,  contain  or  are  surrounded  with  these  fluids,  and  that  the  action  of 
induction  or  of  magnetisation  is  to  separate  it  with  regard  to  them.  Each  littie  molecule  would 
thus  be  a  magnet,  and  the  aggregate  effect  of  them  would  be  to  give  poles  at  the  extremities  ol 
the  bar,  such  as  tiiose  which  we  know  magnets  to  possess. 

A  more  recent  theory  supposes  that  all  magnetic  substances,  such  as  iron,  nickel,  cobalt,  are 
composed  of  particles  each  of  which  is  a  permanent  macnet,  but  in  the  ordinary  unmagne- 
tised  state,  the  little  magnets  have  their  poles  turned  in  aU  directions,  so  that  one  neutralises 
the  effect  of  the  other.  The  process  of  magnetisation,  whether  by  induction  or  in  any  other 
way,  is  considered  to  have  its  effect  in  turning  all  the  north  poles  one  way,  and  the  south  poles 
the  opposite,  and  thus  producing  the  northern  and  southern  forces  as  general  resultants  of 
the  whole. 

The  celebrated  theory  of  Ampere  is  very  different  from  any  of  these.  Observing  the  inti- 
mate relations  of  electric  currents  to  magnets,  and  the  attraction  and  repulsion  exert^  between 
magnets,  and  wires  transmitting  currents,  and  also  between  two  wires,  each  of  which  causes  a 
current,  he  formed  the  theory  which  we  shall  now  explain.  We  must  refer,  however,  to  our 
article  on  Electro-Dynamics  and  Electro-Magnetism  for  the  proofs  of  some  of  the  facts.  Suppose 
that  we  have  two  helices  of  copper  wire,  or  MolenoidSf  as  they  are  called,  and  that  tiie  current^ 
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after  entering,  passeB  throngh  the  helix  always  in  the  direction  of  the  hands  of  a  watch  ;  and 
let  these  be  made  moyeable  about  an  axis,  perpendicular  to  the  axis  of  the  helix.  Then,  on 
bringing  near  to  each  other  the  ends  at  which  the  cuirent  enters,  or  the  ends  at  which  the  cur- 
rent leaves  the  solenoids,  repulsion  will  be  fotmd  to  take  place ;  and  on  bringing  near  one  of  the 
ends  at  which  the  current  enters,  a  solenoid,  and  the  end  at  which  it  leaves  the  other  attrac- 
tion is  exhibited  just  as  would  be  the  case  if  the  Uke  and  unlike  ends  of  two  magnets  were  pre- 
ented  to  each  other.  Moreover,  if  the  north  end  of  a  permanent  magnet  be  brought  near  to 
che  end  at  which  the  current  enters  one  of  these  solenoids,  that  end  is  attracted ;  and  if  it  be 
brought  near  to  the  end  at  which  the  current  leaves  the  solenoid,  repulsion  takes  place. 
Last^,  a  solenoid  free  to  move  obeys  also  the  laws  of  terrestrial  directive  force,  just  as  does  a 
magnet.  Ampere,  therefore,  supposes  a  magnet  to  be  practically  a  solenoid,  in  which  the  cur- 
rent enters  at  the  south  pole,  and  travels  in  a  spiral  round  it  to  the  north,  the  motion  taking 
place,  so  that  an  observer,  looking  at  the  south  pole,  would  see  the  current  move  in  the  direc- 
tion of  the  hands  of  a  watch.  He  supposes  that  magnetic  bodies  in  their  natural  state  are 
made  up  of  molecules,  round  which  currents  are  always  circulating,  and  that,  when  unmagnetised, 
these  currents  are  circulating  in  all  directions,  and  thus  the  dfect  of  the  whole  is  neutral 
But  when  the  body  is  magnetised,  the  currents  are  all  turned  round  so  as  to  flow  in  one  direc- 
tion, the  direction  being  that  of  the  hands  of  a  watch  to  an  observer  looking  on  the  south  pole, 
while  the  north  pole  points  away  from  him.  The  general  effect  of  the  whole  is  to  present  a 
.  body  at  whose  exterior  currents  are  circulating,  and  which  acts  precisely  as  a  solenoid  would. 

MAGNETISM,  CORRELATION  OF.  Numerous  illustrations  of  the  connection  of  magne- 
tism with  the  other  physical  forces  are  to  be  found  in  consideration  of  the  phenomena  discussed 
throughout  this  volume.  It  is  to  be  observed,  with  respect  to  the  dynamical  relations  of  magne- 
tism, that  they  differ  essentially  from  those  of  mechanical  force,  heat,  light,  electricity,  motion, 
ffhAmicftl  action,  each  of  which,  when  properly  directed,  gives  rite  to  the  other  forces.  Mag- 
netism is  static,  and  that  it  may  occasion  lonetic  phenomena  motion  must  be  superadded  to  it ; 
its  action  is  directive,  not  motive;  it  determines  the  conversion  of  one  kind  of  force  into 
another,  but  it  does  not  initiate  any.  Thus  a  magnet  might  remain  for  ever  unknown  if  its 
position  were  not  altered  with  regard  to  other  bodies;  but,  on  moving  it  towards  or  from 
masses  of  soft  iron,  its  attractive  power  is  at  once  recognised  ;  on  moving  a  closed  wire  about 
in  its  vicinity,  electric  currents  are  set  up  which  may  give  rise  to  hea^  light,  and  chemical 
action,  while,  at  the  same  time  (see  Lem*8  Law),  resistance  to  the  motion  of  the  wire  is 
experienced ;  change  in  temperature,  and  change  in  the  magnetio  state  of  a  bar  of  iron,  too, 
follow  each  other. 

Let  a  bar  of  soft  iron  be  placed  between  the  poles  of  an  dectro-magnet,  and  let  currents  be 
saddoily  sent  into  the  electro-magnet,  and  suddenly  stopped,  so  that  the  soft  iron  bar  between 
its  poles  will  successively  be  magnetised  and  demagnetised,  it  will  be  found  easy,  while  great 
care  is  taken  to  screen  the  bar  from  heat  conducted  or  radiated  from  the  electro-magnet,  or 
while  the  latter  is  kept  cool  by  immersion  in  water,  to  raise  the  temperature  of  the  soft  iron 
bar  through  several  degrees ;  or,  let  the  following  experiment  be  made,  let  a  mass  of  soft  iron 
be  allowed  to  move  very  slowly  up  to  a  permanent  magnet,  and  then  let  it  be  drawn  away  to 
its  initial  position  so  rapidly,  that  when  it  arrives  there  it  has  not  lost  the  magnetism  it 
possessed  by  induction,  while  it  was  dose  to  the  magnet.  In  this  operation  work  is  expended, 
lor  in  moving  towards  the  magnet  slowly  it  had  at  each  instant  only  the  amount  of  magnetisa- 
tion due  to  its  position  at  th&t  instant^  while,  during  the  backward  motion,  it  possessed  the 
whole  magnetisation  due  to  its  position  when  nearest  to  the  magnet ;  the  backward  movement 
was  therefore  performed  against  forces  more  powerful  than  those  which  favoured  the  approach. 
But  soon  the  magnetisation  has  entirely  disappeard,  and  the  soft  iron  mass  is  left  in  the  same 
condition  as  it  was  before  the  series  of  operations.  What,  then,  has  become  of  the  work  tiiat 
has  been  done  upon  the  mass !  According  to  the  experiments  of  Joule  an  amount  of  heat  is 
generated  in  the  iron,  precisely  equal  to  that  which  might  have  been  obtained  by  applying  the 
work  in  the  way  of  friction  to  raise  the  temperature  of  it. 

MAGNETISM,  TERRESTRIAL.  It  has  long  been  known  to  us,  and  is  said  to  have  been 
known  for  ages  to  the  Chinese,  that  the  earth  possesses  a  power  of  directing  a  suspended 
magnetised  bar,  similar  to  the  directive  power  which  one  bar  has  upon  another.  Hence  the 
eartii  is  looked  upon  as  a  great  magnetic  mass,  and  the  phenomenon  just  mentioned,  and  which 
we  are  about  to  treat  of  in  some  detail  in  this  artide,  is  said  to  be  due  to  Terruirial  Mag- 

Let  a  sted  bar  be  suspended  at  its  centre  of  gravi^  so  as  to  be  capable  of  turning  at  the 
same  time  round  a  vertical,  and  round  a  horizontal  axis,  which  is  easily  done  by  *»<^^^*^g  it  turn 
upon  a  horizontal  axis  through  that  point,  and  supporting  the  bearings  of  this  axis  by  means  of 
a  fine  silk  thread.     In  this  case  the  bar  will  be  indifferent  to  podticm,  and  will|  in  fact,  if  pro- 
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perly  suspended,  remam  in  any  position  in  which  it  may  be  placed,  without  tendency  to  move, 
except  a  torsional  force,  which  may  be  made  very  small,  be  exerted  by  the  silk  thread.  Kow 
let  it  be  magnetised,  and  it  will  be  found  to  be  no  longer  thus  indifferent ;  it  will  take  up  a 
definite  direction,  and  will  return  to  the  same  position  if  displaced  from  it.  The  direction  of 
the  bar  depends  upon  its  locality  on  the  earth's  surface.  Roughly  speaking,  it  points  north  and 
south,  and  hence  one  end  of  it — namely,  that  which  points  to  the  north — Ib  called  by  English* 
writers  the  north  pole  of  the  magnet,  the  other  the  south  pole.  In  most  localities  the  direction 
of  the  magnetic  axis  of  the  bar  makes  a  certain  angle  with  the  plane  of  the  geographical 
meridian,  and  also  dips  downwards  ;  that  is,  makes  an  angle  with  the  horizontal  plane.  In  Eng- 
land, for  example,  the  needle  turns  its  north  end  to  the  west  of  the  geographical  north  and 
south  line,  and  makes  with  it  an  angle  of  about  20**,  while  the  angle  made  with  the  horlzontid 
plane  is  about  68^  The  former  of  these  angles  is  called  the  dedinationy  the  latter  the  mdmor 
tioiij  of  the  needle  ;  and  these  two  angles,  and  the  intensity  of  the  force  exerted  on  the  needle, 
or  the  magnetic  intensity  as  it  is  termed,  are  called  the  magnetic  dements.  The  determination  of 
the  magnetic  elements  at  different  places  and  different  times,  and  of  the  variations  to  which,  aa 
we  shall  see,  they  are  subject,  is  the  object  of  magnetic  observers  and  observatories.  We  pro- 
ceed to  explain  how  this  is  done,  and  to  give  the  laws  of  the  phenomena  of  terrestrial 
magnetism,  and  the  theories  which  have  been  put  forward  to  account  for  and  collocate  them. 
We  wish,  however,  to  make  one  or  two  preliminary  remarks.  First,  On  the  nature  of  the 
influence  exerted  by  the  earth  on  a  magnetised  needle.  If  we  bring  a  needle  freely  suspended 
near  to  an  ordinary  bar-magnet,  there  is,  in  the  first  place,  a  directive  tendency  owing  to  which 
the  magnetic  axis  of  the  needle  takes  a  definite  direction  ;  but  there  is  also  a  force  causing  the 
needle  to  move  bodily  towards  the  bar,  which  results  from  the  fact  that  the  dissimilar  pole  of 
the  needle  is  perceptibly  nearer  to  the  pole  of  the  bar-magnet  than  the  like  pole.  But  in  the 
case  of  the  earth  it  is  not  so,  and  any  influence  which  is  exerted  on  the  needle  is  directive.  It 
is,  in  fact,  of  the  nature  of  a  couple  (see  Couple)  tending  to  turn  the  needle  round  the  axis  of 
suspension.  For,  if  we  consider  the  earth  as  a  vast  bar-magnet  (which  we  may  roughly  do  for  the 
present),  it  is  evident  that,  owing  to  the  vast  distance  of  the  poles,  there  will  be  just  as  much 
repulsion  from  either  pole  of  it  on  the  like  pole  of  the  needle,  as  there  is  attraction  on  the  dissimi- 
lar pole.  This  may  easily  be  exhibited  experimentally  by  floating  a  light  needle  on  a  cork  in  water 
when  the  directive  tendency  will  be  evident  at  once,  but  without  bodily  motion  in  any  direction. 
The  second  remark  we  wish  to  make  is  this,  that  it  is  convenient,  in  speaking  of  the  magnetic 
force,  whose  direction,  as  we  have  already  mentioned,  is  in  most  cases  inclined  to  the  horizontal 
plane,  to  speak  separately  of  the  horizontal  and  vertical  components.  These  are  to  be  und^v 
stood  to  be  obtainable  from  the  total  force  by  the  ordinanr  rules  for  the  composition  and  resolu- 
tion of  forces.     (See  Composition  of  Forces  ;  ResoltUion  of  Forces.) 

Determination  of  Magnetic  Elements.  The  ma^etic  declination  and  inclination  are  for  con- 
venience determined  separately,  the  former  by  instruments  called  dedinometers,  the  latter  by 
the  inclinometer  or  dippmg  needle.  A  declinometer  consists  of  a  magnetised  needle,  capable 
of  turning  with  great  ease  upon  a  vertical  point.  It  turns  over  a  horizontal  card  graduated  to 
degrees  and  qiuuiiers  of  a  degree.  Parallel  to  the  line  passing  through  o"*  and  180°  is  a  telescope, 
turning  round  a  horizontal  axis,  and  furnished  with  the  appliances  necessary  for  determining 
the  altitude  of  the  sun  or  stars,  and  the  instrument  is  set  upon  a  stand,  provided  with  a  spirit- 
level  and  levelling  screws.  All  the  fittings  are,  of  course,  of  brass  or  copper,  iron  being  ca3»- 
fully  excluded.  To  determine  the  angle  of  declination,  the  geographical  north  and  south  line 
is  ascertained  by  taking  the  altitude  of  some  heavenly  body,  and  the  zero  line  of  the  compass 
card  is  made  to  coincide  with  it.  The  angle  of  declination,  or  the  angle  which  the  direction  of 
the  needle  makes  with  this  line,  can  then  be  read  off  on  the  graduated  circle  over  which  the 
needle  turns.     There  are  other  forms  of  instrument  for  the  same  purpose. 

The  magnetic  inclination  or  dip  is  determined  by  observing  the  inclination  to  the  horizontal 
plane  of  a  needle  turning  on  the  vertical  plane  which  passes  through  the  magnetic  north  and 
south  points.  A  magnetised  needle  is  supported  upon  a  horizontal  axis  through  its  centre  of 
gravity.  Round  it,  in  the  plane  in  which  it  moves,  is  a  circle  of  brass  finely  divided,  so  that 
the  point  of  the  needle  moves  along  just  within  the  divisions.  The  circle,  and  needle  within 
it,  are  carried  on  a  vertical  pillar,  the  foot  of  which  turns  in  a  graduated  horizontal  circle.  To 
observe  with  this  instrument,  it  is  first  necessaxy  to  place  the  vertical  circle  and  needle  in  the 
plane  of  the  magnetic  meridian.  The  pillar  which  carries  it  is  turned  round  till  the  needle  points 
vertically  down,  and  it  is  evident  that  when  it  does  so,  the  plane  of  the  vertical  circle  is  at  right 

*  This  is  not  the  case  with  continental  writers,  and  with  very  good  reason,  for  the  earth  is  considered  in 
the  light  of  a  magnetised  bar  of  steel,  and,  in  the  latter  case,  it  is  not  the  twrth  end  of  a  magnetised  needle, 
bat  the  tovJth  end  which  points  to  the  north  of  the  other. 
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fluigles  to  the  plane  of  the  magnetic  meridian,  for  then  the  only  force  which  acts  apon  the  needle  is 
the  vertical  component  of  the  euth's  magnetism.  A  reading  is  then  taken  upon  the  graduated 
circle  at  the  foot  of  the  pillar,  and  the  pillar  ia  turned  through  90  by  means  of  it,  and  that 
being  done,  we  know  that  Uie  plane  of  the  vertical  circle  must  coincide  with  that  of  the  mag- 
netic meri(Han,  and  the  angle  of  inclination  can  be  read  off  by  the  graduation  around  the  needle. 
Other  instruments  are  described  under  their  proper  heads.  (See  Balance^  BiJUar;  MagnetoTiieter ; 
Dedinometer  ;  and  Observatory,  Magnetic.) 

The  intensity  of  magnetic  force  is  also  determined  by  means  of  the  declinometer. 
The  whole  directive  force  that  acts  upon  it  is,  as  we  have  seen,  the  horizontal  component 
of  the  earth's  magnetism,  but  if  we  can  determine  it,  it  is  easy,  since  we  know  the  direc- 
tion of  magnetic  dip,  to  calculate,  by  the  well-known  rules  for  the  composition  and  resolu- 
tion of  forces,  both  the  vertical  component  and  the  total  mimetic  force.  To  ascertain 
the  horizontal  component  of  the  earth's  magnetic  force,  the  declinometer  needle  is  made  to 
oscillate,  and  the  number  of  oscillations  made  in  a  given  time  ib  counted.  From  this  observa- 
tion it  is  evident  that  the  force  acting  upon  the  needle  can  be  determined  just  as  the  force  of 
gravity  is  calculated  from  observation  of  the  number  of  oscillations  performed  in  a  given  time 
by  a  pendulum  of  known  length.  The  force  exerted  by  the  earth  upon  a  bar  depends,  how- 
ever, both  on  the  intensity  of  the  earth's  magnetic  force,  and  on  the  strength  of  the  magnetic 
needle,  and  to  know  the  former  it  is  therefore  necessary  to  determine  the  latter.  This  is  done 
by  bringing  into  the  vicinity  of  the  needle  another  similar  needle,  and  noting  the  effect  which 
they  produce  upon  each  other,  as  compared  Mrith  the  effect  which  the  earth's  magnetism  pro- 
duces upon  each.  This  method  is  due  to  Grauss,  as  is  also  the  method  of  expressing  magnetic 
force  in  absolvte  uniti,  that  is,  in  units  depending  only  on  the  deiined  units  of  length,  mass,  and 
time.  Unit  of  force,  being  that  force  which,  acting  on  unit  of  mass  during  unit  of  time,  pro- 
duces unit  of  velocity ;  a  unit  magnetic  pole  is  deiined  to  be  a  magnetic  pole,  which,  if  placed 
at  unit  of  distance  from  a  similar  magnetic  pole,  exerts  unit  of  force  upon  it.  In  English  mag- 
netic measurement,  the  unit  of  length  is  one  foot,  the  unit  of  mass  one  grain,  and  the  unit  of 
time  one  second.  Hence  the  above  statement  takes  the  following  form: — Unit  of  force  is  that 
force  which  acting  for  one  second  on  a  mass  of  one  grain,  would  give  it  a  velocity  of  one  foot 
per  second;  and  a  unit  magnetic  pole  placed  at  a  distance  of  one  foot  from  a  similar 
pole,  exerts  upon  it  unit  of  force.  When  then  we  say  that  the  total  magnetic  intensity 
expressed  in  British  units  is  10*24  (as  it  is  at  present,  1870,  at  London),  we  mean  that  a 
unit  north  pole,  weighing  one  grain,  if  acted  upon  for  one  second  by  the  earth's  magnetic 
force,  would  acquire  a  velocity,  in  the  direction  indicated  by  the  dipping  needle,  of  10*24  ^^^ 
per  second. 

Having  given  this  short  accotmt  of  the  methods  of  determining  the  magnetic  elements,  we 
proceed  to  recount  what  has  already  been  ascertained  with  regard  to  them  and  their  variations. 
In  the  field  of  magnetic  observation  has  been  displayed  the  most  arduous  and  devoted  scientific 
working,  and  a  full  account  of  it  may  be  found  in  the  treatise  of  M.  De  La  Bive.  To  Halley 
belongs  the  honour  of  commencing,  in  a  systematic  way,  the  putting  together  of  the  ascertained 
facts.  In  1 701  he  returned  from  a  voyage,  undertaken  with  the  special  object  of  making  mag- 
netic observations,  and  published  a  chart,  in  which  his  results  were  displayed  in  the  form  of 
lines  connecting  places  of  equal  declination.  From  that  time  there  were  many  observers,  but  it 
is  since  the  beginning  of  the  present  century  that  the  greater  part  of  the  knowledge  we  possess 
has  been  collected.  Hansteen  published  in  18 19  a  work  on  terrestrial  magnetism,  which  con- 
tained charts  of  lines  of  declination  for  1600,  1700,  17x0,  1720,  1730,  1744,  1756,  1787,  and 
1800,  and  of  lines  of  inclination  for  1600,  1700,  and  1780  ;  and  among  many  other  names  stand 
prominently  those  of  Rossel,  who  commenced  observations  on  magnetic  intensity,  Duperrey, 
Barlow,  Boss,  and  Sabine.  But  to  Humboldt,  perhaps  more  than  to  any  other,  we  are  indebted, 
both  directly  and  indirectly,  for  our  knowledge  on  this  subject.  In  18 19,  feeling  that  no  amount 
of  private  inquiry  would  be  sufficient  to  give  us  adequate  results,  he  applied  to  the  Russian 
Government  for  aid,  and  obtained  a  Ubenu  response  in  the  establishment  of  stations  for  magne- 
tic observations  in  various  parts  of  the  Russian  Empire ;  and  some  time  after,  with  the  support 
of  the  Royal  Society,  and  of  the  British  Association  for  the  Advancement  of  Science,  he  brought 
the  matter  before  the  British  Government,  and  with  like  success.  Chief  observatories  were 
instituted  at  Dublin  and  Greenwich,  and  a  large  number  of  other  establishments  were  set  up  at 
different  distant  stations,  in  the  most  advantageous  positions.  One  was  placed  at  Toronto,  in 
Canada,  and  another  at  Hobart  Town,  in  Van  Diemen's  Land,  these  being  points  nearly  the 
antipodes  of  each  other,  and  also  being  situated  near  to  the  places  of  greatest  magnetic  inten- 
sity ;  a  third  was  established  at  the  Cape  of  Good  Hope,  and  a  fourth  at  St.  Helena,  which  was 
chosen  from  its  vicinity  to  the  line  of  minimum  intensity,  and  to  the  magnetic  and  geographical 
tquators.    But  the  most  celebrated  of  all  the  observatories  is  that  which  had  been  established 
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at  Gdttmgen,  imder  the  direction  of  the  illustrioiu  Gauss  and  Weber.  From  Gauss  proceeded 
the  whole  system  of  observation,  and  to  him  is  due  the  invention  of  iJl  the  most  delicate  instm- 
ments,  and  of  the  most  perfect  methods  of  observing  and  co-ordinating  the  phenomena.  The 
direction  of  the  foreign  observatories  belonging  to  Great  Britain  was  put  under  Colonel  Sabine, 
and  he  was  furnished  with  a  considerable  staff  of  military  assistants,  so  that  the  work  might  go 
on  night  and  day  without  intermission.  All  the  observations  were  made  simultaneously,  and 
were  r^fulated  by  Gottingen  meui  time.  Under  ordinary  circumstances  they  were  made  eveiy 
hour,  but  in  cases  of  magnetic  disturbances  much  more  frequently.  By  these  means,  and  witn 
the  assistance  of  voyages  and  expeditions  undertaken  for  the  purpose,  a  very  large  amount  of 
information  was  collected,  the  definite  objects  being  to  determine  the  magnetic  declination.  In- 
clination, and  intensity  at  various  places  ;  to  determine  the  lines  of  equal  declination,  inclina- 
tion, and  intensity ;  and  to  asoertain  the  laws  which  regulate  the  periodical  and  also  extraordi- 
nary variations  of  the  magnetic  elements.  The  mass  of  information  collected  by  the  British 
observatories  was  worked  into  a  manageable  form  under  Sabine,  and  was  publish^  under  his 
direction,  with  dissertations  by  him,  together  with  graphical  representations  and  charta  of  the 
magnetic  curves. 

The  following  are  some  of  the  results  arrived  at : — First,  with  respect  to  the  iaoffcviie  lines^ 
or  lines  of  equal  declination ;  they  are,  as  has  been  explained,  such  as  would  be  traced  out 
on  a  globe  by  joining  all  the  points  on  it  at  which  the  angle  of  declination  is  the  same.  Sabine's 
charts  will  be  f  oimd  in  Johnston's  Physical  Atlas.  On  examining^them  it  will  be  seen  that  they 
have  a  general  direction  from  north  to  south,  with  a  few  remarlukble  exceptions,  and  appear  to 
terminate  in  two  points,  one  in  the  northern  hemisphero,  somewhat  to  the  west  of  Baffin's  Bay, 
the  other  in  the  southern,  to  the  south  of  Australia.  In  Sabine's  map  for  1S40  the  line  whidi 
passed  through  the  south  of  England  is  marked  25"  W.  It  passes  Uienoe  across  the  Atlantic 
ocean ;  bending  downward  to  the  south  a  little,  enters  North  America  south  of  Newfoundland, 
and  thence  strikes  northward  through  Hudson's  Bay.  At  any  place  along  this  line  a  declination 
needle  or  a  mariners'  compaas  would  indicate  a  point  25°  to  the  west  of  the  true  north.  A  vezy 
important  line  is  the  line  of  no  declination,  or  agonic  line ;  that  is,  a  line  such  that,  at  every 
point  along  it,  a  declination  needle  would  point  to  the  true  geographical  north.  There  are  two 
such  lines,  one  in  the  western  and  the  other  in  the  eastern  hemisphere.  The  first,  passing  nottii- 
ward  through  tiie  South  Atlantic,  cuts  off  the  eastern  comer  of  South  America.  It  enters 
North  America  and  passes,  not  far  from  New  Tork,  through  the  American  lakes  and  through 
the  west  of  Hudson's  Bay.  The  other  passes,  southward  from  the  White  Sea,  through  the  east 
of  Russia^  and,  cutting  ihe  Caspian  Sea  and  the  eastern  coast  of  Arabia^  curves  through  the 
Indian  Ocean  to  the  west  coast  of  Australia,  where  it  turns  south  again.  Throughout  the 
space  between  these  two  lines,  taking  in  Europe  and  part  of  America,  the  declination 
needle  everywhere  points  to  the  west  of  north ;  throughout  the  space  between  them  on  the 
opposite  side  of  the  globe,  taking  in  China^  India,  and  the  renuiinder  of  America^  the  declina- 
tion is  easterly. 

The  general  appearance  of  the  Uodinic  lines,  or  lines  of  equal  dip,  is  that  of  curves  approxi- 
mately parallel  to  the  parallels  of  latitude,  llie  dip  increases  as  we  proceed  northwazxl,  and 
southward,  from  a  certain  line  called  the  (idinic  line,  or  line  of  no  dip,  and  frequently  the  mag^ 
netic  equator,  which  lies  not  far  from  the  geographical  equator,  cutting  it  in  two  points,  one  in 
Africa  and  the  other  to  the  west  of  South  America,  and  lying  to  the  south  of  it  in  the  Atlantic^ 
and  to  the  north  of  it  on  the  other  side  of  the  globe.  The  line  marked  70*"  passed  in  1S40 
through  England,  and,  bending  a  little  southward,  cut  North  America,  the  eastern  portion  to 
the  south,  the  western  to  the  north  of  latitude  40^  There  are  two  points  at  which  a  dipping 
needle  would  point  vertically,  one  in  the  northern  hemisphere  and  the  other  in  the  southern  ; 
these  are  called  tibie  magnetic  poles,  and  round  them  the  isocUnic  lines  form  a  set  of  concentrio 
curves,  bearing  much  the  same  relation  to  them  that  the  parallels  of  latitude  do  to*the  geogra- 
phical poles.  The  former  of  these  points  was  found  by  Captain  Boss  in  1831  in  lat.  70**  50  N. 
and  Ion.  263"*  14'  £.  The  position  of  the  southern  magnetic  pole  has  been  calculated  from 
observations  made  at  Hobart  Town,  Van  Diemen's  Land,  and  lies  in  lat.  66**  S.  and  Ion.  146°  E. 

The  itodynamic  lines,  or  lines  of  equal  magnetic  intensity,  have  also  been  laid  down  by 
Sabine.  As  we  approach  the  lines  from  a  certain  line  of  minimum  intensity  the  total  intensi^ 
increases.  This  line  lies  near  to  the  magnetic  equator,  though  it  does  not  coincide  with  it ; 
and  the  isodynamic  lines  are  nearly  parallel  to  the  lines  of  equal  dip.  It  appears,  however, 
that  the  points  of  greatest  intensity  do  not  coincide  with  the  magnetic  poles.  There  are,  in 
fact,  more  than  two  points  of  Tna.vinnTim  intensity.  In  the  northern  hemisphere  two  have  been 
found,  one  in  North  America,  about  16°  to  the  south  of  the  north  magnetic  pole,  and  the  other 
in  Siberia,  at  lat  71"  20'  N.,  Ioil  119"  57'  E.  Gauss  has  shown  by  calculation  that  in  the 
southern  hemisphero  there  is  but  one  point  of  TTui.TiTniiTn  intensity,  which  is  situated  2**  26'  to 
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the  north  and  T"  56'  to  the  east  of  the  southern  magnetic  pole.  Of  these,  the  lost  is  the 
strongest,  and  that  near  Hudson's  Bay  stronger  than  the  other ;  the  numbers  which  express 
their  intensities  are  respectively  2*26,  176,  and  1*69,  the  total  intensity  at  London  being 
expressed  by  the  number  1*37. 

We  have  now  to  consider  the  variations  to  which  the  magnetic  elements  are  subject.  There 
are  two  kinds,  regvlar  and  irregtdar. 

It  soon  became  evident,  on  comparing  together  the  numbers  which  express  the  MUgles  of  de- 
clination and  dip,  that  from  year  to  year  slow  changes  are  taking  place.  Thus  in  1576,  the  first 
year  for  which  we  have  a  recorded  observation,  the  declination  needle  at  London  pointed 
11**  15'  East,  in  1652  the  declination  was  0%  and  in  1760  it  had  attained  a  westerly  dechnation 
19**  30'.  The  westerly  declination  increased  till  181 5,  when  it  was  24°  27',  its  maximum  value ;  ■ 
it  then  began  to  decrease,  and  still  continues  to  do  so.  In  1815  it  was  22**  29' ;  in  1865,  21°  6' ; 
and  in  1870,  19°  15'.  The  annual  decrease  of  declination  at  London  is  about  8'.  In  London  the 
dip  ia  likewise  decreasing  at  present  at  a  rate  of  about  2*6'  per  annum,  and  it  has  been  steadily 
decreasing  ever  since  the  first  recorded  observation.  In  1720  it  was  74°  42' ;  in  1800,  70**  35' ;  in 
1865, 68''  9' ;  in  1870,  67°  55'.  According  to  Hansteen,  however,  it  will  attain  a  minimum,  and, 
after  that,  it  will  commence  to  increase  again.  There  is  a  similar  change  taking  place  at  all 
places  on  the  siirface  of  the  earth,  the  amount  and  direction  of  the  change  depending  on  the 
position  of  the  place.  At  Paris  the  variations  have  been  veiy  similar  to  those  observed  in  Lon- 
don. At  the  Gape  of  Good  Hope  the  declination  in  1605  was  o**  30' ;  the  maximum  declination 
occurred  in  1 791,  when  it  was  2$"  40',  and  after  that  it  began  to  decrease.  Again,  in  Russia 
(and  this  confirms  M.  Hansteen's  ideas)  the  inclination  has  already  attained  a  minimum,  while 
in  Pekin  it  is  on  the  increase. 

Such  variations  as  these  are  called  M<ne2ar,  taking,  as  they  do,  ages  for  their  completion  ;  and, 
besides  these,  there  are  both  annual  and  diurnal  variations.  If  the  declination,  and  dip,  and 
intensity  are  observed  from  hour  to  hour,  it  is  found  that  changes  are  taking  place  which  have 
for  their  period  of  completion  a  single  twenty-four  boars  ;  and  on  comparing  the  mean  values 
of  these  observations  from  day  to  day,  variations  having  an  annual  period  are  discovered.  At 
Kew  Observatory  the  following  is  the  nature  of  the  diurnal  change  in  declination,  and  it  may 
be  stated  that  similar  changes  take  place  in  other  localities,  following  the  hours  of  local  time : 
—At  about  22  hours  (10  a.h.),  and  a  little  before  7  hours  (7  p.m.),  the  needle  is  in  its  mean 
position.  Between  these  hours  during  the  day  the  declination  increases  ;  that  is,  the  north  end 
of  the  needle  turns  westward.  At  I  hour  (i  p.m.)  it  attains  its  maximum  point,  which  is  about 
6'  to  the  west  of  the  mean ;  from  I  to  7  o'clock  it  is  gradually  falling  back.  It  then  proceeds 
eastward  from  the  mean  position,  attaining  a  maximum  at  20  hours  (8  a.m.),  and  being  then  4' 
to  the  east  of  the  mean.  During  the  next  2  hours  it  falls  back  to  the  mean  position  again. 
The  inclination  has  also  a  variation  of  diurnal  period.  Arago  places  the  maximum  at  8  in  the 
morning,  and  the  Tniniimiiifi  at  about  3  in  the  afternoon.  The*  amount  of  variation  is  not  more 
than  3  or  4  minutes. 

The  annual  variation  of  the  declination  takes  place  as  follows :  from  April  to  July  the  needle 
alowly  moves  eastward,  and  during  the  remaining  nine  months  of  the  year  in  the  opposite 
direction.  Thus,  during  the  interval  between  the  spring  equinox  and  the  summer  solstice  the 
declination  is  decreasing,  and  it  slowly  increases  again  during  the  autumn  and  winter  months 
of  the  year.  The  amphtude  of  the  variation,  which,  however,  varies  from  time  to  time,  and  is 
different  in  different  places,  is  at  present  about  59"  at  Kew.  There  is  also  an  annual  varia- 
tion of  the  magnetic  dip.  At  present,  at  Kew,  the  amount  of  it  is  0'54'.  During  the  six 
months  from  April  to  September  the  dip  is  on  an  average  0*27'  lower ;  and  during  the  other 
six  months  0*27  higher  than  its  mean.  See  a  paper  on  the  results  of  six  years'  observations  at 
Kew,  ending  1868-9,  ^7  ^i"'  Balfour  Stewart,  Proceedings  of  the  Koyal  Society,  March  1870. 
The  annual  variation  of  the  magnetic  intensity  is,  if  it  occur  at  all,  very  slight. 

Our  limits  permit  us  only  this  very  brief  sketch  of  a  most  interesting  and  important  subject. 
The  reader  may  consult  for  fuU  information  on  the  whole  subject  of  terrestrial  magnetism  an 
excellent  chapter  in  De  La  Hive's  treatise  on  electricity,  vol.  ill.  Also  the  papers  of  Sabine, 
with  tables  and  charts,  which  are  to  be  found  in  the  Phil.  Ti^ns.  from  1840  and  more  recently. 

Lastly,  there  are,  as  we  have  already  mentioned,  irregular  variations  of  the  magnetic 
elements.  Besides  the  slow  and  periodical  changes  we  have  just  been  speaking  of,  it  is  found 
that  sudden  temporary  alterations,  frequently  of  a  very  considerable  amount,  take  place. 
Humboldt  has  given  to  these  disturbances  the  name  of  ma^^etic  storms,  and  they  have  attracted 
from  all  observers  the  greatest  possible  interest.  It  has  been  proved  that  they  are  intimately 
connected  with  the  occurrence  of  the  aurora  borealis.  Immediately  before  the  appearance  of 
this  phenomenon  the  needles  are  powerfully  disturbed,  and  the  same  is  the  case  after  it ;  and 
during  the  displayi  sadden  alterationfl^  amounting  in  the  case  of  the  declination  sometimes  to 
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one  or  two  degreoB,  are  obeeired.  Sabine  has  ahown  that  there  are  periodB  of  greatest  frequency 
of  the  magnetic  storms  occorring  every  ten  years,  and  that  these  times  are  the  same  as  those  at 
which  the  sun's  spots  are  most  numerous. 

To  account  for  terrestrial  magnetism  various  hypotheses  have  been  put  forward,  which  it  will 
be  sufficient  merely  to  mention  here.  Their  chief  value  is  of  course  to  assist  us  in  the  co- 
ordination of  facts,  and  to  indicate  the  directions  in  which  we  are  to  look  for  general  laws. 
The  first  theory  was  that  of  Gilbert,  who  supposed  the  earth  to  contain  a  great  magnet  with  its 
poles  situated  near  to  the  geographical  poles  of  the  earth.  If  a  short  needle  be  magnetised 
and  suspended  horizontally  by  a  fine  thread,  it  may  be  made  to  take  position  very  similar  to 
those  of  the  declination  and  dipping  needles,  by  cariying  it  about  in  the  vicinity  of  a  very  long 
bar  magnet.  Halley,  however,  showed  that  the  complication  of  the  nuignetic  curves  is  such  as 
not  to  admit  of  this  simple  explanation.  He  supposed  two  magnets  of  unequal  strength  to 
cross  each  other  at  the  earth's  centre,  and  calculated  the  curves  under  that  hypothesis.  The 
theory  of  Halley  was  supported  by  Hansteen.  Barlow,  in  order  to  account  for  the  existence  of 
magnetism  in  Uie  earth,  supposed  it  to  be  perpetually  traversed  by  electric  currents  tAlriTig 
place  from  east  to  west.  Taking  a  globe,  he  rolled  round  it  a  copper  wire  in  a  spiral,  and 
caused  a  current  to  circulate  in  it,  and  he  was  able,  on  bringing  near  to  it  short  needles  sus- 
pended, to  show  the  phenomena  of  declination  and  dip.  But  Gauss,  putting  aside  altc^^ether 
hypothetical  causes,  undertook  the  following  problem  :  supposing  the  whole  earth  to  be  mag- 
netic, he  calculated  what  must  be  the  distribution  of  the  magnetism  in  order  to  give  the  influ- 
ences known  by  observation  to  exist. 

MAGNETISM,  THEORIES  OF.    See  concluding  part  of  the  article  on  MoffMtism. 

MAGNETO-ELECTRICITT.  For  information  on  the  connection  between  electricity  and 
magn.etvsm,9BeEleetro-Majfnet;  Electro-Magnetic  Machine;  EUctTo^ynaiMCt ;  Induction,  EUCtro' 
Magnetic^  &a  

MAGXETaELECTRIC  MACHINE.  It  is  explained  (see  Electro-dynamics  and  Indue- 
tiony  Electro-Magnetic)  that,  on  bringing  a  permanent  magnet  near  to  a  coil  of  wire,  or  on  remov- 
ing it  from  the  coil,  electric  currents  are  caused  to  flow  in  the  coil,  the  first  inverse,  the  second 
direct,  as  compared  with  Ampere's  hypothetical  currents.  (See  AmpMt  Theory.)  Suppose,  for 
example,  that  we  suddenly  thrust  a  permanent  bar  magnet  into  the  core  of  a  hollow  coU  of 
wire,  a  momentary  current  is  produced  in  one  direction ;  if,  then,  we  suddenly  draw  it  out 
again,  a  momentary  current  is  produced  in  the  opposite  dhrection.  Or,  still  better,  suppose  that 
we  have  a  coil  of  wire  round  a  core  of  soft  iron,  and  that  we  bring  near  to  the  extremities  of 
the  soft  iron  core  a  permanent  horse-shoe  magnet,  the  soft  iron  is  at  once  converted  by  induc- 
tion into  a  magnet,  and  a  current  through  the  wire  is  set  up.  On  drawing  away  the  permanent 
magnet,  an  opposite  current  is  caused  to  pass.  This  Faraday  showed  in  1 83 1,  and  on  this 
depends  the  action  of  electro-magnetic  machines. 

In  the  simplest  form  of  magnefo-electric  machines,  a  pair  of  bobbins  of  wire  coiled  upon  soft 
iron  cores  is  revolved  in  front  of  the  poles  of  a  powerful  horse-shoe  magnet.  The  wire  of  the 
two  bobbins  is  continuous,  and  it  is  wound  upon  the  soft  iron  cores  in  such  a  way  that,  looking 
upon  the  faces  of  the  cores,  the  direction  of  the  winding  on  the  two  is  that  which  would  be 
obtained  if  the  wire  were  simply  wound  round  a  straight  bar,  and  the  bar  then  bent  into  a 
horse-shoe  shape.  On  this  account,  as  will  be  at  once  understood,  the  actions  of  the  two  poles 
of  the  magnet  upon  the  two  coils  of  wire,  when  presented  to  them,  is  conspiring  to  send  a  cur- 
rent in  one  direction  through  the  wire.  On  revolving  these  bobbins  in  front  of  the  poles  of  the 
magnet,  currents  are  caused  to  pass  in  the  wire,  first  in  one  direction,  and  then  in  the  other,  as 
the  ms^etism  of  the  soft  iron  core  is  induced  and  reversed. 

These  currents,  though  powerful,  would  be  of  little  use  owing  to  their  passing  alternately  in 
opposite  directions  ;  and  in  order  to  make  them  of  practical  value,  an  arrangement,  called  a 
commutaZory  whose  object  is  alternately  to  reverse  the  connection  of  the  bobbins  with  any  wire 
or  other  interpolar  through  which  it  is  desired  to  send  the  current,  is  employed.  The  following 
will  give  a  general  idea  of  the  commutator  :  full  descriptions,  with  diagrams,  will  be  found  in 
all  the  ordinary  text-books  on  electricity.  The  extremities  of  the  wire  coming  from  the  bobbin, 
are  brought  to  a  cylinder  of  ivory  or  boxwood,  which  is  a  continuation  of  the  axle  on  which  the 
bobbins  turn,  and  which  turns  with  it ;  and  on  the  circumference  of  this  cylinder  are  two  pairs 
of  half  rings  of  brass.  Each  extremity  of  the  wire  is  connected  with  one  of  the  pairs  of  half 
rings.  There  are  two  binding  screws  upon  the  case  or  frame  of  the  machine  to  which  any  wire 
through  which  a  current  from  it  is  to  be  passed  may  be  attached ;  and  from  each  of  these  screws 
a  pair  of  springs  proceeds  to  the  ivory  cylinder  which  we  have  just  mentioned,  and  each  spring 
presses  during  half  a  revolution  upon  a  half  ring,  and  during  the  other  half  revolution  upon  the 
ivory  of  the  cylinder.  Thus,  during  half  the  revolution,  each  of  them  is  put  in  connection  with 
A  wire  of  the  bobbin,  and  during  the  other  half  it  is  insulated,  touching  only  the  ivory.    Now, 
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the  cnrrent  is  reversed  at  eveiy  half  revolation ;  and  smoe  there  are  f onr  springs  and  four  half- 
rings,  it  will  be  easily  understood  that  by  properly  arranging  the  positions  of  the  half  rings  on 
the  cylinder,  one  spring  from  each  screw  may  press  on  its  half  ring  when  the  cairent  is  going 
in  one  direction,  and  the  other  pair  of  springs  on  their  respective  hajf -rings  when  the  current  is 
going  in  the  opposite  direction ;  and  that  thus  the  oonnection,  as  far  as  any  body  attached  to  the 
bindhig  screws  is  concerned,  may  be  reversed  at  each  reversal  of  the  current,  and  that  the  cur- 
rent may  thus  be  caused  to  pass  always  in  the  same  direction  through  it. 

We  have  described  a  simple  form  of  magneto-electric  machine  here.  Lately  Siemens, 
^ilde,  and  Wheatstone  have  made  enormous  improvements  in  the  construction  of  them,  but  for 
these  we  must  refer  the  reader  to  more  detailed  works. 

MAGNETOMETER,  BIFILAR.     See  Balance,  Bifilar. 

MAGNETOMETER,  GAUSS'S,  is  a  very  delicate  form  of  declmometer,  or  instrument 
for  determining  the  angle  which  the  plane  of  Uie  magnetic  meridian  makes  with  the  plane  of 
the  astronomical  meridian,  invented  by  Gauss.  A  magnet  bar  is  suspended  by  a  fine  silk  fibre 
offering  the  least  possible  torsional  resistance  to  the  motion  of  the  bar.  At  the  centre  of  the 
bar  is  fixed  a  light  silvered  mirror,  looking  in  the  direction  of  the  length  of  the  bar  and  turning 
with  it.  The  magnet  is  enclosed  in  a  glass  case  to  shield  it  from  currents  of  air.  At  a  distance 
of  several  feet  is  placed  a  telescope  with  cross  wires,  and  a  scale  at  right  angles  to  the  axis  of 
the  telescope  ;  the  one  is  set  a  little  above  the  mirror  and  the  other  a  little  below ;  and  the 
divisions  of  the  scale  are  reflected  by  the  mirror  into  the  telescope,  and  can  be  read  off  with 
great  exactness  by  means  of  it.  The  numbers  on  the  scale,  thus  read  off,  are  proportional  to 
the  tangent  of  twice  the  angle  by  which  the  needle  has  turned  from  zero.  If  then  the  axis  of 
the  telescope  is  in  the  astronomical  meridian,  the  angle  so  determined  is  the  declination  angle. 
If  not,  it  can  easily  be  determined  by  calculation,  from  knowing  the  angle  made  by  it  with  the 
astronomical  meridian.  

MAGNIFYING  POWER  OF  THE  TELESCOPE.  See  Tdeaoope,  Magnifying  Power 
of. 

MALACHITE.  The  mineralogical  name  of  native  carbonate  of  copper.  It  is  of  a  rich  varie- 
gated green  colour,  and  as  it  is  susceptible  of  receiving  a  high  polish,  is  much  prized  for  orna- 
mental purposes.    (See  Copper.) 

IklALLE ABILITY.  {Malletu,  a  hammer.)  The  property  of  extending  under  the  blow  of 
a  hanmier.  It  is  opposed  to  brittleness,  and  is  almost  restricted  to  metids.  Malleable  sub- 
stances must  be  tenacious,  resisting  fracture,  and  soft,  permitting  the  particles  to  glide  over  one 
another.  The  malleability  of  the  most  common  metals  is  in  the  following  order :  i  gold^  2 
fldlver,  3  copper,  4  platinum,  5  iron,  6  aluminium,  7  tin,  8  zinc,  9  lead.  Gold  may  be  reduced 
to  leaves  of  i-i8o,cxx>th  of  an  inch  in  thickness,  and  weighing  only  3  grains  per  square  foot. 
Leaf  iron  has  been  obtained  i-48ooth  of  an  inch  in  thickness,  and  weighing  one-thiid  of  a  grain 
per  square  inch.  Malleability  is  much  influenced  by  temperature,  the  temperature  of  greatest 
maUeability  being  different  for  different  metals.  Iron  is  most  malleable  at  a  low  white  heat ;  in 
this  state,  therefore,  it  is  welded  or  rolled  into  bars  or  plates. 

Although  ductili^  and  malleability  are  nearly  allied,  the  same  metal  does  not  always  possess 
both  qualities  in  the  same  proportion.  Thus  iron  is  nearlv  as  ductile  as  gold,  but  far  less  mallea- 
ble.   (See  Ductility  ;  Hardnesi  ;  Tenacity.) 

MANGANESE.  A  metallic  element,  compounds  of  which  have  been  known  from  veiy 
early  times,  although  it  was  not  imtil  1774  that  the  metal  was  isolated  by  Gahn.  Atomic 
weight  55,  symbol  Mn,  specific  gravity  8'Oi3.  In  the  pure  state  manganese  is  a  white  brit- 
tle metal  which  melts  only  at  the  highest  heat  of  a  blast  furnace.  It  oxidises  both  in  air  and 
water,  and  dissolves  easily  in  dilute  mineral  adds.    It  is  slightly  magnetic. 

Manganese  forms  several  oxides,  the  most  important  of  which  are  the  following  : — 

The  protoxide  (MnO.)  This  is  obtained  hydnited  as  a  white  precipitate  on  adding  an  alkali 
to  a  protosalt  of  manganese ;  it  oxidises  veiy  readily.  It  unites  with  acids  to  fonn  a  well-de- 
fined series  of  salts. 

Sesquioxide  of  Manganue  (Mn^Os).  This  is  met  with  native  as  hraunite  in  opaque  brownish 
black  crystals^  britUe  and  invisible.  In  the  hvdrated  state  (Mn^OgHgO),  it  is  met  with 
native  as  manganite  or  gray  manganese  ore,  in  dark  steel  gray  crystals,  which  are  fusible  before 
the  blowpipe. 

Manganoso^nanganic  oxide  (Mn304).  Known  also  as  red  oxide  of  manganese  and  Hansman- 
nite.  It  occurs  in  dark  brown  crystals  of  a  submetallic  lustre,  opaque  and  infusible.  This 
oxide  is  easily  obtained,  as  by  ignition  in  the  air  lower  oxides  of  manganese  absorb  oxygen,  and 
higher  oxides  evolve  oxygen,  and  are  converted  into  this  oxide. 

Peroxide  of  Manganese  or  dioxide  (M11O3).  This  is  the  most  important  oxide  of  manganese ; 
it  is  met  with  native  as  pyrolusite  ;  it  forms  bluish  black  metallic-looking  crystals  of  specific 
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gravity  4*9,  opaque  and  infusible  before  the  blowpipe.  It  sometimes  oocnn  massive.  Its  great 
use  in  manufactures  is  as  an  oxidising  agent,  as  it  parts  with  some  of  its  oxygen,  and  is  redooed 
to  the  red  oxide  when  exposed  to  heat.  It  is  largely  used  in  the  preparation  of  oxygen,  in  tho 
manufacture  of  chlorine,  and  for  deoolounsing  glass. 

Under  the  names  of  psilomelaoe,  varvesite,  wad,  &c.,  occur  native  oxides  of  manganese  of  no 
very  definite  constitution,  but  which  ^>pear  to  be  mixtures  of  oxides  previously  described. 

Man/janic  Acid  (U^MnO^)  is  not  knoum  in  the  separate  state,  but  its  compounds  with  bases  ave 
known  under  the  name  of  t/ianf/anatet.  The  only  manganate  of  importance  is  the  potassium  salt 
(K,Mn04).  This  has  long  been  known  in  the  impure  state  under  the  name  of  misieral  tkamd' 
Icon,  a  crude  mass  prepared  by  igniting  chlorate  of  potash,  caustic  potash,  and  peroxide  of 
manganese.  When  this  is  dissolved  in  cold  water,  it  forms  a  green  solnticm  which  rapidly  pasKS 
through  several  shades  until  it  gets  red.  The  pure  salt  has  been  obtained  in  green  crystals, 
whicl^  however,  decompose  on  addition  of  water  into  permanganate  of  potassium,  canstie 
potash,  and  peroxide  of  manganese. 

Permanganic  Acid  (HMnO^).  This  is  the  highest  state  of  oxidation  of  the  metal  In  the 
piue  state  it  is  a  thick  syrupy  liquid  of  a  greenish  metallic  lustre.  When  gently  heated  it 
volatilises,  forming  violet  vapours  which  condense  withoui  decomposition.  H  the  heat  is  not 
I4>plied  cautiously,  it  decomposes  with  explosion.  Pennanganic  acid  is  one  of  the  most  poweiw 
ful  oxidising  agents  known,  instantly  igniting  some  combustible  bodies  when  added  to  them, 
and  exploding  with  others.  It  forms  well-defined  salts  with  bases,  of  which,  however,  we  need 
only  mention  the  following  : — 

Permanganate  of  PotcLuium  (KMn04),  crystallises  in  long  deep  red  needles,  which  are  perma> 
nent  in  the  air  and  dissolve  in  about  sixteen  parts  of  cold  water.  A  solution  of  pennanga- 
nate  of  potassiimi  is  of  great  use  both  in  the  laboratory,  as  a  convenient  oxidising  agent  and 
standard  test  liquid,  and  also  as  a  harmless  and  powerful  deodorising  agent  for  household  par- 
poses. 

Permanganate  of  Silver  ( Ag&In  O4),  crystallises  out  when  warm  solutions  of  nitrate  of  silver 
and  permanganate  of  potassium  are  mixed  together.  It  has  been  proposed  to  be  used  as  an 
oxidising  agent,  epecially  in  some  phot(^[raphic  operations. 

Chloride  of  Manganese  (MnCl, ),  is  obtained  in  the  hydrated  form  (with  two  atoms  of  water) 
by  dissolving  any  oxide  of  manganese  in  hydrochloric  acid,  chlorine  being  given  off,  in  the  case 
of  the  higher  oxides.  The  solution,  on  evaporation,  deposits  pale  rose-coloured  crystals,  which 
are  very  soluble  in  water  and  alcohol,  and  on  being  strongly  heated  leave  the  anhydrous  chloride. 
It  forms  double  salts  with  other  chlorides. 

At  the  Liverpool  meeting  of  the  British  Association  held  in  September  1870,  Mr.  J.  Fen- 
wick  Allen  described  several  valuable  alloys  of  manganese  with  copper,  tin,  zinc,  and  lead.  The 
simple  alloy  of  manganese  and  copper  containing  from  5  to  30  per  cent,  is  both  malleable  and 
ductile,  with  a  tenacity  considerably  greater  than  that  of  copper.  The  triple  alloy  of  manga- 
nese, copper,  and  zioc  closely  resembles  German  silver.  When  tin  or  lead  is  added  to  the  alloy 
of  manganese  and  copper,  castings  can  be  made  which  are  eminently  applicable  as  bearings  for 
machinery. 

MANGANITE.    See  Manganese,  Oxides, 

MANNITE.  A  sweet  crystalline  compound,  prepared  from  ttiA-ninL^  a  juice  exuding  from 
some  species  of  ash.  It  crystalliBes  in  four-sided  prisms,  which  are  easily  soluble  in  water. 
Composition  CgHi^O^. 

MANOMIETEK.  (futydSf  rare  ;  fUrpoVf  a  measure.)  An  instrument  for  measuring  tSie  pres- 
sure, and  thence  the  density  of  the  air.  The  form  of  manometer,  usually  used  to  verify  Boyle's 
Law,  IB  a  bent  tube  like  a  siphon  barometer,  hermetically  sealed  at  the  end  of  the  shorter  1^. 
A  small  quantity  of  mercury  is  poured  into  the  tube  so  as  to  fill  the  bend,  and  thus  to  intercept 
communication  between  the  air  in  the  closed  end  and  the  external  atmosphere.  When  more 
mercury  is  poured  in,  the  pressure  on  the  enclosed  air  is  equal  to  the  atmospheric  pressure  plus 
that  of  the  mercurial  column  in  the  longer  leg,  above  the  level  in  the  shorter  leg. 

MAPPING  SPECTRA,  BUKSEN'S  METHOD  OF.  Bunsen  has  described  an  excellent 
method  of  mapping  spectra,  so  as  to  record,  not  only  position,  but  likewise  the  peculiarities  of 
breadth,  sharpness,  and  intensity  of  colour  of  the  different  lines.  It  is  principally  applicable  to 
those  spectra  which  consuBt  of  luminous  bands,  such  as  of  the  alkaJies  and  alkaline  earths.  Hie 
method  consists  in  representing  the  luminous  lines  by  black  bands  drawn  on  a  graduated  scale, 
their  width  denoting  the  width  of  the  band,  and  their  height  the  intensity,  whilst  the  shaip- 
ness  or  nebulosity  is  denoted  by  the  curved  outline.  The  positions  of  the  lines  are  referred  to 
the  standard  lines  of  potassium,  lithium,  sodium,  and  thallium.  (See  Bunsen's  pi^)er  in  the 
PhU.  Mag.,  series  4,  vol  xxvi.,  p.  247  ;  also  Eoscoe's  Spectrum  Analysis,  p.  88.) 

Tyf4'R'RT.T!.     See  Carbon  J  CarbimaU  of  Calcium. 
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MARCASITE.     &ee  Iron  ;  Stdphides. 

MARINE  BAROMETER.    See  Barometer, 

MARINE  BOILER.    See  Steam  Boiler. 

MARINE  GALVANOMETER.    See  Galvanometer, 

MARINER'S  COMPASS.    See  Compass,  Manner's. 

MARGARIG  ACID.  An  artificial  fatty  add  of  the  formula  C17H34O2,  prepared  by  the 
action  of  potash  on  cyanide  of  cetyL  It  forma  white  crystals,  melting  at  59'9**  C,  soluble  in 
ether,  insoluble  in  water,  and  uniting  with  bases  to  form  salts.  The  substance  commonly 
called  margaric  add  has  been  shown  by  Heintz  (Fogg.  Ann.  ciL,  272)  not  to  be  a  definite  add, 
but  a  mixture  of  palmitic,  stearic,  oleic  adds,  &o. 

MARIOTTE'S  LAW.    See  BoyU's  Law. 

MARK  A  B.    (Arabic.)    The  star  a  of  the  constellation  Pegasus.     (See  Algentb.) 

MARS.  In  astronomy,  the  fourth  planet  in  order  of  distanco  from  the  sun,  and  the  superior 
planet  whose  orbit  lies  nearest  to  that  of  the  earth.  The  mean  distance  of  Mars  from  the  mm 
is  139,311,000  miles;  his  greatest,  152,304,000;  his  least,  126,318,000.  Since  the  earth's 
mean  distance  is  91,430,000  miles,  it  follows  that  the  distance  of  Mars  from  the  earth  varies 
from  about  35,000,000  to  about  244,000,000  miles.  His  orbit  is  considerably  eccentric,  more 
su  in  fact  than  that  of  any  planet  in  the  solar  system  except  Mercury.  The  eccentricity  ia 
0x^93262,  the  inclination,  x"  51'  $"'  ^^®  diameter  of  Mars  is  about  4,400  miles.  His  equator 
la  inclined  about  28  degrees  to  his  orbit.  Mars  completes  his  sidereal  revolutions  in  a  mean 
period  of  686*9797  days,  and  returns  to  opposition  at  intervals  separated  by  a  mean  period  of 
779*936  days,  which  is  therefore  the  planet's  mean  synodical  period. 

Mus  is  the  planet  whose  surface  we  examine  under  the  most  favourable  circumstances.  For 
Although  Venus  approaches  nearer  to  us  than  Mars,  yet  when  she  is  at  her  nearest  she  is  in- 
visible, being  concealed  by  the  solar  light.  But  when  Mars  is  at  his  nearest,  or  in  opposition, 
he  shines  upon  the  background  of  the  midnight  sky.  It  would  seem  also  that  besides  this  the 
real  surface  of  Venus  is  usually,  if  not  always,  concealed  by  clouds.  The  surface  of  Mars,  on 
the  other  hand,  though  occasionally  concealed  in  part  by  clouds,  is  yet  well  seen  generally,  as 
regards  at  least  a  part  of  his  disc.  On  this  account  it  has  been  found  possible  to  determine  the 
period  of  his  rotation  on  his  axis — ^that  is,  of  the  Martial  day — ^with  an  accuracy  which  we  can- 
not hope  to  secure  in  the  case  of  any  other  planet.  Cassini,  who  was  one  of  the  earliest  to  study 
the  features  of  Mars,  assigned  to  him  a  rotation-period  of  24h.  40m.,  which  is  not  far  from  the 
truth.  Later,  Sir  William  Herschel  attacked  the  same  problem  ;  but  though  his  estimate  was 
nearer  to  the  truth  than  that  of  Cassini,  yet  he  was  not  so  successful  in  dealing  with  the  rota- 
tion of  Mars,  as  was  usually  the  case  with  him  in  such  matters.  He  saw  that  a  long  period, 
induding  many  rotations,  was  necessary  fur  great  accuracy ;  but  in  passing  from  bi-monthly 
periods  to  the  bi-annual  period  corresponding  to  the  planet's  synodical  revolution,  he  unfor- 
tunately missed  one  complete  rotation,  so  that  the  period  of  the  planet  came  out  nearly  2m.  too 
great.  His  estimate  was  24h.  39m.  25s.  Madler  attacked  the  problem  more  successfully,  and 
by  induding  all  the  rotations  occurring  during  seven  years,  obtained  a  rotation-period  of  24h. 
37m.  23'8s.  Later,  Kaiser  of  Leyden  carried  the  range  of  the  rotations  over  a  far  longer 
period — viz.,  from  the  observations  made  by  Huyghens  to  those  made  in  recent  times.  He  thus 
obtained  the  period  24h.  37m.  22 '6s.  Lastly,  the  present  writer,  by  comparing  observations 
made  by  Hooke  so  far  back  as  1666,  with  those  made  by  Dawes  in  1867,  and  by  Browning  in 
1869  (the  latter  specially  made  for  the  purpose  of  this  calculation),  obtained  the  rotation-period 
24h.  37m.  22735s.,  which  may  be  reganled  as  within  one  himdredth  part  of  a  second  of  the 
true  value. 

The  surface  of  Mars  has  been  carefully  studied  by  many  observers.  Cassini  and  Hooke  took 
pictures  of  Mars  in  1666.  Maraldi  observed  the  planet  in  1720.  Sir  William  Herschel  made 
a  series  of  observations  between  the  years  1777  and  17^3*  In  the  ye&rs  1830-37,  Messrs.  Beer 
and  Madler  made  many  drawings  of  Mars,  which  are  wonderfully  exact,  considering  the  small 
telescopic  power  employed  by  these  observers.  Observations  of  the  planet  have  also  been  made 
by  Ktmoweki,  De  la  Rue,  Secchi,  Phillips,  Nasmyth,  and  others.  The  observations  made  in 
1864  by  Mr.  Lockyer  are  even  better,  and  are  surpassed  only  by  the  drawings  which  we  owe  to 
Mr.  Dawes,  who  subjected  the  planet  to  a  searching  scrutiny  during  the  oppositioos  which  took 
place  between  the  years  1855- 1865.  He  entrusted  to  the  present  writer  twenty-nine  of  these 
drawings,  from  which  the  latter  constructed  a  chart  of  Mars,  giving  names  to  the  principal 
lands  and  seas.  From  this  chart  Mr.  Browning  has  made  a  globe  of  the  planet,  and,  by  photo- 
gn^hing  the  globe,  he  has  obtained  a  series  of  interesting  stereograms. 

From  the  appearance  of  Mars,  there  is  every  reason  to  believe  that  the  BO*<»Iled  lands  and 
seas  are  really  continents  and  oceans ;  while  patches  of  white  light  which  are  seen  near  the  poles 
of  the  planet  may  be  confidently  regarded  as  indicating  the  existence  of  ice  and  snow,  as  in  the 
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polar  regions  of  our  own  earth.  The  spectroscope  haa  shown  that  the  atmosphere  of  Mars  con- 
tains  the  vapour  of  water,  so  that  when  we  find  variable  masses  of  white  light  over  parts  of  his 
surface,  we  may  conclude  that  they  are  due  to  the  presence  of  clouds  in  his  atmosphere.  An- 
other feature  which  has  given  rise  to  some  difficulty  seems  explicable  also  in  this  way.  The 
TOtrts  of  the  disc  near  its  edge  are  commonly  brighter  than  the  middle  of  the  disc,  and  Dr. 
Zollner  has  been  at  some  pains  to  explain  thl^  feature  as  due  to  peculiarities  of  the  planeVs 
surface.  But  when  we  notice  that  the  lands  and  seas  become  indistinct  near  the  edge  of  the 
disc,  we  are  led  to  see  that  another  explanation  is  needed,  even  if  it  were  not  altogether  im- 
possible to  accept  an  explanation  which  requires,  according  to  Zollner's  own  account,  that  the 
surface  of  Mars  should  be  covered  by  irregularities  having  a  slope  of  no  less  than  75**.  The 
peculiarity  must  belong  to  the  atmosphere,  not  to  the  surface  of  Mars,  and  may  probably 
indicate  that  the  ordinary  arrangement  of  the  Martial  clouds  resembles  that  of  our  own  cumulus 
clouds.  We  know  that,  during  a  summer  day,  when  the  sky  overhead  shows  great  blue  spaces 
between  camulua  clouds,  the  sky  near  the  horizon  seems  ahnost  wholly  covei^  by  clouds,  the 
reason  being  not  that  clouds  are  really  spread  more  thickly  over  regions  all  round  the  observer 
than  near  him,  but  that  the  effect  of  foreshortening  brings  more  clouds  into  view  in  a  given  por- 
tion of  the  heavens  near  the  horizon  than  in  a  similar  portion  overhead.  Now,  we  deduce  from 
this  the  simple  principle,  that  lines  drawn  at  right  angles,  or  nearly  so  to  the  surface  of  a  globe, 
surrounded  by  an  atmosphere  bearing  such  clouds  as  our  cumulus  clouds,  are  less  likely  to  en- 
counter a  cloud  than  lines  drawn  at  an  acute  angle  to  the  surface.  Hence,  if  the  clouds  of 
Mars  be  generally  cumuli,  the  lines  of  sight  to  the  central  parts  of  the  disc  of  Mars  wQl 
encounter  fewer  clouds  within  a  given  portion  of  the  disc,  than  lines  drawn  to  parts  near  the 
edge  ;  for  the  former  meet  the  surface  of  the  planet  nearly  at  a  right  angle,  the  latter  meet  his 
surface  at  an  acute  angle.  The  contrary  would  be  the  case  were  the  atmosphere  of  Mars  loaded 
with  itratua  clouds.  We  have  thus  a  means  of  forming  an  opinion  as  to  one  important  meteor- 
ological relation  in  the  case  of  the  ruddy  planet.  It  would  be  well  worth  the  trouble  to  in- 
quira  whether  the  peculiar  brightness  of  the  edge  of  Mars's  disc  is  to  be  regarded  as  a  constant 
or  variable  phenomenon,  and  whether  it  is  more  marked  in  one  hemisphere  than  in  the  other 
during  the  summer  or  winter  of  either  Martial  hemisphere. 

Man  approaches  the  earth  so  nearly  during  some  oppositions  as  to  afford  a  very  trustworthy 
means  of  determining  the  solar  parallax.  Since  at  such  a  time  he  is  shining  on  a  dark  sky,  it 
is  easy  to  compare  his  distance  from  certain  stars  of  known  position,  according  as  he  is  viewed 
either  from  northern  or  southern  stations,  or  as  he  is  seen  at  different  hours  when  viewed  from 
one  and  the  same  station.  The  latter  method,  devised  by  M.  Airy,  has  some  advantages  over 
the  former.  Both  methods  have  been  applied  with  considerable  success  by  astronomers.  (See 
Sutif  Distance  of  the.) 

On  account  of  his  proximity  to  the  earth,  also.  Mars  presents  a  gibbous  aspect  when  he  is  in 
quadrature,  at  which  time  the  line  of  sight  from  the  earth  is  inclined  at  a  very  considerable 
angle  to  the  line  from  the  sun  to  Mars. 

MARSH  GAS ;  or.  Light  Carburetted  Hydrogen,  A  gaseous  hydro-carbon  frequently  occur- 
ring in  nature.  It  is  the  fire-damp  of  miners,  and  frequently  rises  from  the  earth  in  marshy 
districts.  Specific  gravity,  0*557.  It  has  neither  taste,  smell,  nor  colour,  and  has  no  action  on 
test-paper.  It  is  very  slightly  soluble  in  water.  When  ignited,  it  bums  with  a  pale  white 
flame.    Composition,  GH4. 

MAHSIC.    (Arabic.)    The  star  a  of  the  constellation  Hercules. 

MASS.  Mass  is  a  term  for  the  quantity  of  matter  in  a  body.  In  order  to  measure  mass, 
we  assume  that  the  attraction  of  the  earth  on  all  particles  of  matter  is  the  same,  and  is  not  de- 
pendent on  the  nature  of  the  matter  attracted.  This  assumption  seems  to  be  justified  by  the 
fact  that  bodies  of  all  kinds  fall  with  equal  velocity  in  the  exhausted  receiver  of  an  air-pump. 
Hence  we  measure  the  mass  of  a  body  by  its  weight,  and  can  only  define  the  mass  as  a  quan- 
tity proportional  to  the  weight.  If,  then,  at  the  same  spot  on  the  earth's  surface  one  body  is 
twice  as  heavy  as  another,  the  mass  of  the  first  is  twice  that  of  the  second.  Suppose,  however, 
that  the  body  be  weighed  by  a  spring  balance  at  a  certain  place,  and  weighed  again  by  the  same 
instrument  at  another  place  nearer  the  equator,  it  will  be  found  that  the  body  is  lighter  at  the 
latter  place.  It  is  found  also  that  the  acceleration  due  to  the  attraction  of  the  earth  is  also  less 
at  the  second  place  than  at  the  first,  in  the  same  proportion.  This  illustrates  the  fact  that  when 
the  mass  remains  the  same,  the  weight  varies  as  the  acceleration  of  gravity.  Hence  the  weight 
varies  as  the  product  of  the  mass  and  the  acceleration  of  gravity,  and  consequently  when  suitable 
units  are  chosen,  the  mass  of  a  body  is  equal  to  its  weight  cUvided  by  the  acceleration  due  to 
gravity.    (See  Lavoa  of  Motion), 

MASSICOT.     See  Lead;  Oxides, 

MASSON'S  ELEGTBO-PHOTOMETER.    See  Stcdro-Phoimaer, 
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MATTER,  CONTINUITY  OF  THE  LIQUID  AND  GASEOUS  STATES  OP.  Till 
within  a  little  more  than  a  year  most  people  were  taught  to  consider  the  liquid  and  gaseous 
conditions  of  matter  as  essentially  distinct.  It  has  been  long  known,  it  is  true,  that  many  bodies 
could  be  obtained  in  the  solid,  liquid,  and  vaporous  state,  and  that  vapours  approximately  obey 
the  law  of  Boyle.  Since  1823,  Uie  date  of  Faraday's  communication  to  the  Royal  Society,  it 
has  been  recognised  that  many  bodies  formerly  considered  to  be  gases,  and  only  known  in  that 
state,  could,  by  the  application  of  cold  and  pressure,  be  reduced  to  liquids,  and  a  few  years  later 
it  was  shown  that  some  of  these  liquids  are  convertible  into  solids  ;  but  it  was  in  1869  that  the 
beautiful  researches  of  Dr.  Andrews  threw  an  altogether  new  light  on  the  subject  of  the  con- 
nection of  the  liquid  and  gaseous  state  of  matter. 

Suppose  that  at  an  ordmary  temperature  of  the  air,  a  quantity  of  carbonic  acid  sas  be  taken 
and  e2.po6ed  to  pressure  in  a  glass*  tube,  the  following  phenomena  will  be  observed.  Suppose, 
for  example,  that  the  temperature  at  which  the  experiment  is  made  is  o**  C.  (32**  F.)|  On  ap- 
plying pressure,  the  volume  will  be  found  to  decrease,  and  were  the  gas  a  perfect  one,  it  would 
decrease  according  to  the  well-known  law  of  Boyle,  namely,  that  the  volume  of  a  gas  varies  in- 
versely with  the  pressure,  the  temperature  being  kept  constant.  Thus,  if  the  pressure  be 
doubled  the  volume  is  halved,  and  if  the  pressure  be  trebled  the  volume  is  reduced  to  one-third. 
But  carbonic  acid  is  not  a  perfect  gas,  and  the  volume  diminishes  much  more  rapidly  than  it 
should,  according  to  the  law  just  stated.  This  divergence  from  Boyle's  law  increases  as  the 
pressure  increases,  till  a  pressure  of  38*5  atmospheres  is  reached,  when  suddenly  the  law  fails 
altogether,  and  without  any  further  application  of  pressiure  the  gas  becomes  a  liquid.  What  we 
have  here  described  is  true  for  all  gases,  with  the  exception  of  oxygen,  hydrogen,  nitrogen,  car- 
bonic oxide,  nitric  oxide,  and  marsh  gas.  The  pressure  at  which  liquefaction  takes  place  de- 
pends upon  the  nature  of  the  gas,  and  upon  its  temperature.  Under  Liquefaction  of  Gases  will 
be  found  a  table  displaying  thu.  It  is  to  be  observed  that  the  failure  of  Boyle's  law  is  most 
apparent  in  the  most  easily  condensed  gases  ;  the  six  that  we  have  mentioned  as  not  having 
been  liquefied  depart  but  little  from  it ;  and  that  the  nearer  the  gas  is  to  its  point  of  condensation 
the  more  does  it  diverge  from  conformity  to  the  law. 

The  properties  of  the  liquid  carbonic  add  are  very  remarkable.  Thilorier  showed  that  the 
coefficient  of  expansion  for  heat  of  the  liquid  is  greater  than  that  of  any  aeriform  body  ;  and 
Andrews,  that  the  compressibility  of  the  liquid  is  much  greater  than  that  of  ordinary  liquids^ 
and  that  it  decreases  with  the  pressure. 

If  the  experiment  indicated  above  be  tried  with  carbonic  acid  gas,  at  any  temperature  below 
30** '92  C.  (87°  7  F.),  there  will  be  a  certain  pressure,  at  which  the  abrupt  transition  from  the 
gaseous  to  the  liquid  state  takes  place,  but,  in  1863,  Andrews  showed  that  above  this  tempera- 
ture the  case  is  very  different.  He  says — **  On  partially  liquefying  carbonic  acid  (that  is,  keep- 
ing the  capillary  tube  mentioned  in  the  note  above  in  such  a  condition,  by  application  of  a 
proper  amount  of  pressure,  that  the  lower  part  may  contain  liquid  carbonic  acid,  while  that  in 
the  upper  part  is  gaseous),  by  pressure,  and  gradusJly  raising,  at  the  same  time,  ihe  temperature 
to  88**  F.,  the  surface  of  demarcation  between  the  liquid  and  gas  became  faint,  lost  its  curva- 
ture, and  at  last  disappeared.  The  space  was  then  occupied  by  a  homogeneous  fluid,  which  ex- 
hibited, when  the  pressure  was  suddenly  diminished,  or  the  temperature  slightly  lowered,  a 
peculiar  appearance  of  moving  or  flickering  striae  throughout  its  entire  mass.  At  temperatures 
above  88"  no  apparent  liquefaction  of  carbonic  add,  or  separation  into  two  distinct  forms  of 
matter,  could  be  effected,  even  when  a  pressure  of  300  or  400  atmospheres  was  applied.  Nitrous 
oxide  gave  analogous  results."  Or,  again,  if  to  gas  above  the  temperature  3o'''92  G.  pressure 
be  applied,  gradually  increasing  in  amount,  the  volume  of  the  gas  will  diminish  steadily,  but 
there  will  never  at  any  point  he  an  abrupt  decrease  of  volume  without  any  increased  pressure 
such  as  that  described  in  the  flrst  experiment.  **  At  3o'*'92,  and  under  a  pressure  of  about  74 
atmospheres,  the  densities  of  liquid  and  gaseous  carbonic  acid,  as  well  as  all  their  other  physiod 
properties,  become  absolutely  identical,  and  the  most  carefid  observation  fails  to  discover  any 
neterogendty  at  this  or  higher  temperatures  in  carbonic  add,  when  its  volume  is  so  reduced  as 
to  occupy  a  space  in  which,  at  lower  temperatures,  a  mixture  of  gas  and  liquid  could  have  been 
foxmed.  In  other  words,  all  distinctions  of  state  have  disappeared,  and  the  carbonic  acid  has 
become  one  homogeneous  fluid,  which  cannot  by  change  of  pressure  be  separated  into  two  distinct 
physical  conditions.  This  temperature  of  30°'92  is  called  by  Dr.  Andrews  the  critical  point  for 
carbonic  acid.  Other  fluids  which  can  be  obtained  in  both  the  liquid  and  gaseous  states,  have 
shown  similar  phenomena^  and  have  each  presented  a  critical  point  of  temperature."  f 

*  This  Is  what  Dr.  Andrews  did.  The  ns  was  contained  in  a  fine  thermometer  tnbe,  sealed  at  one  end.  tad 
having  a  column  of  mercnry  to  enclose  the  gae  at  the  other.  Pressure  was  appUed,  and  the  mercnry  column 
driven  into  the  tnbe,  so  as  to  diminish  the  volume  of  the  fas :  the  tnbe  could  be  surrounded  by  a  freejdng 
mixture,  and  thus  cold  was  applied.    (See  JAw^eKUon  and  S<^idificaUon  qf  Gasea.) 

f  Orldnal  Essay,  by  Prof.  Jitmes  Thomson,  XjLD.«  **  On  the  Continaitj  of  the  Gaaeoos  and  Liquid  Statss  ol 
Matter?*— JITotarv,  1870. 
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Although,  however,  there  ia  no  abrupt  change  in  the  volume  of  carbonic  acid  when  exposed 
to  pressure  at  a  temperature  above  the  critical  point,  yet  at  temperatures  near  to  this  point  the 
body  possesses  a  peculiar  property.  At  a  certain  pressure  there  is  an  excessively  rapid  deviation 
from  Boyle's  law ;  on  the  application  of  a  pressure  very  slightly  increasing,  a  diminution  of 
volume  quite  disproportionate  occurs.  As  the  temperature  is  raised  the  peculiarity  disappeafs ; 
the  law  of  Boyle  U  more  nearly  fulfilled  till  at  a  temperature  of  48** 'i  C.,  the  application  (A  a 
constantly  increasing  pressure  gives  rise  to  a  perfectly  gradual  decrease  of  volume.  In  the  paper 
of  Dr.  Andrews  (The  Bakerian  Lecture  for  1869,  Transactions  of  the  Royal  Society),  the  rela- 
tion of  volume  to  pressure  at  various  temperatures  \b  exhibited  with  the  aid  of  carefully  drawn 
curves,  which  display,  in  a  way  that  no  description  can,  the  gradual  alteration  in  elastic 
properties  of  carbonic  acid  as  the  temperature  increases.  We  must  ref^  our  readers  to  thst 
p^er,  and  to  the  essay  by  Prof.  James  Thomson,  quoted  above,  for  many  details. 

In  conclusion,  we  shall  suppose  the  performance  of  two  illustrative  experiments  of  Dr. 
Andrews.  Let  a  volume  of  carbonic  acid  gas  be  taken,  say  at  50"*  C.  (19**  above  the  critical 
point),  and  let  it  be  exposed  to  incrt^asing  pressure  till  150  atmospheres  have  been  reached.  In 
this  process  its  volume  will  steadily  diminish  as  the  pressure  augments,  and  no  sudden  diminu- 
tion of  volume,  without  the  application  of  external  pressure,  will  occur  at  any  stage  of  it. 
When  the  full  pressure  has  been  applied,  let  the  temperature  be  allowed  to  fall  tiU  the  carbonic 
add  has  reached  the  ordinary  temperature  of  the  atmosphere.  During  the  whole  time  no 
breach  of  continuity  has  occurred.  It  begins  as  a  gas,  and,  by  a  series  of  gradual  chai^fes,  pre- 
senting nowhere  any  abrupt  alteration  of  volume  or  sudden  evolution  of  heat,  it  ends  as  a 
liquid.  That  the  gas  has  actually  changed  into  a  liquid  would,  indeed,  never  be  suspected  did 
it  not  show  itself  to  be  so  changed,  by  entering  into  ebullition  on  the  removal  of  pressure. 
Suppose,  on  the  other  hand,  a  volume  of  liquid  carbonic  acid  kept  by  application  of  pressure 
from  entering  into  ebullition,  while  the  temperature  is  gradually  radsed  to  50**  C,  it  wiU  steadily, 
if  permitted  to  do  so,  expand,  though  without  at  any  point  exhibiting  any  sign  of  abrupt  altera- 
tion. If,  however,  when  its  temperature  has  reached  that  point,  the  pressure  be  removed,  it 
will  be  found  that  ebullition  is  no  longer  possible — that  the  liquid,  in  fact,  has  gradually  become 

agSB. 

Dr.  Andrews  asks  the  important  question,  "  What  is  the  condition  of  carbonic  acid  when  it 
passes  at  temperatures  above  31°  from  the  gaseous  state  down  to  the  volume  of  a  liquid  without 
giving  evidence  at  any  part  of  liquefaction  having  occurred  ?  Does  it  continue  in  the  gaseous 
state,  or  does  it  liquefy,  or  have  we  to  deal  with  a  new  condition  of  matter  ?'* 

He  finds  the  answer  in  the  recognition  of  the  intimate  relations  which  subsist  between  the 
gaseous  and  liquid  conditions  of  matter.  He  looks  upon  the  ordinary  gaseous  and  liquid  states 
only  as  widely  separated  forms  of  the  same  condition  of  matter,  considering  that  the  same  body 
may  be  made  to  pass  from  one  state  to  the  other  gradually,  and  without  exhibiting  any  abrupt 
alteration.  Under  certain  conditions  of  temperature  and  pressure,  he  says,  carbonic  acid  finds 
itself,  it  is  true,  in  a  state  of  instability,  and  passes  suddenly,  with  the  evolution  of  heat  and 
without  the  application  of  increased  pressure  or  the  decrease  of  temperature,  from  the  gaseous 
to  the  liquid  condition.  But  in  other  cases  the  distinction  cannot  be  made,  and  it  would  be 
frequently  impossible  to  assign  to  the  carbonic  acid  one  state  rather  than  another. 

MAUVEINE.     See  Aniline, 

MAXIMUM  DENSITY  OF  WATER.  A  remarkable  exception  to  the  general  law  of 
the  expansion  of  matter  by  heat  is  presented  in  the  case  of  water  when  near  the  freezing  point. 
If  we  fill  a  thermometer  tube  with  water,  and  place  it  side  by  side  with  a  mercurial  thermo- 
meter in  a  freezing  mixture,  we  notice  that  the  water  (say  at  60**  F.)  continues  to  contract  until 
it  reaches  a  temperature  of  39'2°  F.  (4**  C.) ;  as  the  cooling  continues  it  expands,  and  at  38*2** 
possesses  sensibly  the  same  volume  as  it  did  at  40*2°  ;  the  liquid  expands  until  it  reaches  the 
freezing  point,  and  at  the  moment  of  its  conversion  into  ice  a  considerable  expansion  takes 
place.  At  39*2**  F.  or  4"  C.  water  therefore  possesses  its  maximum  density — that  is  to  say,  a 
vessel  of  a  given  capacity,  say  i  cubic  inch,  will  hold  more  water  at  this  temperature  than  at 
any  other.  If  the  water  be  either  cooled  or  heated  when  at  this  temperature  it  expands,  and 
occupies  greater  bulk,  and  hence  possesses  less  density.  Supposing  the  water  at  33°  F.,  and 
that  it  is  heated,  we  now  obtain  the  curious  anomaly  of  contraction  produced  by  heat,  and  this 
will  continue  till  it  reaches  39*2%  when  it  will  expand,  and  go  on  expanding  tUl  it  attains 
212^  F.,  when  it  will  become  steam.  Numerous  experiments  have  been  made  with  a  view  of 
determining  the  precise  temperature  at  which  water  possesses  its  maximum  density.  According 
to  Miinke  and  Stampfer  it  is  38*8"  F.,  while  Blagdon  made  it  39°,  and  Hope  and  Rumford  40^ 
M.  Despretz  examined  the  question  with  extreme  care,  and  fixed  the  temperature  at  3*997**  C, 
or  39' 1 946"  F.     The  temperature  which  is  now  uniTenally  accepted  is  4"  C,  or  39*2**  F.     The 
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following  table  ahowi  the  volume  and  density  (or  specific  gravity)  of  water  at  various  tem- 
peratures :— 

Table  or  thb  Densities  aitd  VoLtrvEs  of  Wateb  at  Tempbbatubes  VABTuro  from  — 9"  C. 
(1 5*8*"  F.)  to  100°  C.  (212*"  F.)»  ACOOBDiNG  TO  M.  Despkbiz.  The  volume  and  density 
at  4'  C.  (39-2°  F.)  =  roooooo. 


Temp. 

Volume. 

Deniltj. 

Temp. 

Voliune. 

Density. 

—  9'C. 

z'oox63xz 

0998371 

xa'C. 

X  '0004724 

o*9995a7 

—  8 

X -0013734 

o'998628 

13 

X '000586a 

o"9994»4 

—  7 

X -con  354 

o'998865 

«4 

X '0007146 

0-999285 

—  6 

7*00091 84 

o'999o8a 

«5 

x'ooo875z 

o*999i'5 

—  5 

z '0006987 

o'9993oa 

30 

X '00179 

0-998213 

—  4 

1*0005619 

0999437 

»S 

z '00293 

0-997078 

—  3 

z  '000423a 

0*999577 

30 

X  "00433 

0-995688 

—  a 

X '0003077 
X '0002x38 

o*99969a 

35 

X  "00593 

0*994104 

—  X 

0999786 

40 

X 00773 

0*992339 

0 

X '0001 269 

0-999873 

45 

X '00985 

0*990246 

X 

z '0000730 

0999927 

50 

X*OI205 

0-988093 

a 

z '00003  qz 
X '0000083 

0999966 

55 

X  "01445 

0*985756 

3 

0-999999 

60 

z'ox698 

0*983303 

4 

X '0000000 

I '000000 

65 

z  "01967 

o'98o709 

5 

X  000008a 

0999999 

70 

z  02355 

0  977947 
0*9750x8 

6 

z '0000309 
z '0000708 

0999969 

V 

z '02563 

I 

0999929 

80 

z '03885 

0-971959 

Z'OOOZ2l6 

0-999878 

85 

z  '03335 

©'968757 

9 

z '0001879 

0*999819 

90 

z  "03566 

0-965567 

xo 

z '0003684 

o'99973X 

95 

X  "03935  . 

0*963333 

zx 

X '0003598 

0999640 

xoo 

z  04315 

0*958634 

We  notice  above  that  the  volume  of  water  at  several  degrees  below  its  freezing  point  has 
been  given,  and  this  arises  from  the  fact  that,  under  certain  conditions,  water  may  be  cooled  to 
a  temperature  many  dec;rees  below  its  freezing  point  without  solidifying.  When  water  is  de- 
prived of  air  and  cooled  very  slowly  in  a  periectly  still  place,  it  may  attain  a  temperature  of 
— 6^  C.  (21 '2**  F.) ;  and  when  cooled  in  a  vacuum  beneath  a  layer  of  oil  the  temperature  has 
been  reduced  to  — 12**  C.  (10*4*'  F.)  If,  however,  the  vessel  is  agitated,  the  water  instantly 
solidifies,  and  the  temperature  rises  to  o**  C.  (32°  F.)  M.  Despretz  has  cooled  water  to  — 20**  C. 
( — ^4^  F.)  without  solidification. 

As  water  expands  when  cooled  below  39*2*  F.,  and  also  expands  in  freezing,  it  follows  that  ice 
Is  lighter  than  ice  cold  water.  M.  Brunner  has  determined  the  density  of  ice,  and  finds  it  to 
be  0*92013  at  — 19**  C.  ( — 2'2*  F.),  and 09 1800  at  o**  C, from  which  he  deduces  0000122 aa  the 
coefficient  of  cubical  expansion  of  ice  for  1°  C.  In  -virtue  of  its  diminished  specific  gravity,  ice 
floats  upon  ice-cold  water,  and  masses  of  water — inland  seas,  lakes,  rivers,  &c. — can  never  be 
frozen  into  one  mass  of  ice,  as  would  be  the  case  if  ice,  like  other  solids,  were  heavier  than  an 
equal  bulk  of  the  liquid  which  produces  it.  As  it  is,  the  surface  of  water  freezes  first,  and  pro- 
tects the  water  beneath  it  and  the  fish  -within  it.  Let  us  imagine  a  lake  at  a  temperature  of 
40"  F.  in  an  atmosphere  of  30*  F. ;  the  suriace  is  chilled  to  39*2^  and  the  water  at  this  tem- 
perature sinks  at  once  to  the  bottom,  while  the  wanner  water  rises  and  is  chilled  In  its  turn, 
until  the  whole  mass  of  water  has  the  same  temperature.  As  the  cooling  continues,  the  water 
reduced  below  39'2  floats  on  the  surface,  and  a  layer  of  it  is  frozen.  If  ice  were  heavier  than 
ice-cold  water,  liJces  would  freeze  from  below  upwards,  and  would  become  one  mass  of  ice,  by 
which  means  all  fish  and  other  living  things  -within  them  would  be  destroyed. 

We  have  mentioned  above  that  water  expands  at  the  moment  of  freezing.  Now,  the  force  of 
this  expansion  is  enormous.  If  a  small  quantity  of  water  is  securely  enclosed  in  an  iron  bottle 
with  sides  an  inch  thick,  and  is  then  frozen,  the  bottle  is  broken.  To  the  same  cause  the 
bursting  of  water  pipes  during  a  sharp  frost  is  to  be  traced.  The  pipes  are  full  of  water  at  the 
time  of  the  frosty  and  are  broken  when  the  water  expands  in  becoming  ice.  When  the  thaw 
commences  the  core  of  ice  melts  out  of  the  pipes,  ana  allows  the  escape  of  water  through  the 
fissures ;  so  that,  although  the  pipes  are  broken  during  the  frost,  we  only  become  aware  of  tbe  fact 
when  the  thaw  takes  pls^.  For  the  same  reason,  porous  stones  are  cracked,  and  masses  of  fissured 
rocks  are  loosened  and  disintegrated  during  a  bard  frost.  Major  Williams  made  the  following 
experiment  at  Quebec,  at  a  time  when  the  temperature  of  the  air  -was  — 28*  G.  ( — 18'4^  F.)  : — 
He  filled  a  bomb  35  centimetres  (1375  inches)  in  diameter  with  water,  and  closed  it  securely 
by  an  iron  plug  -weighing  three  pounds.  At  the  moment  when  the  -water  congealed,  the  plug 
was  projected  to  a  Sstanoe  of  more  than  100  metres  (328  feet),  and  at  the  same  time  a  cylinder 
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of  ice  22  centimetres  (8*64  inches)  long  issued  from  the  orifice  of  the  bomb.  In  a  second  ex- 
periment, the  plug  was  not  forced  out,  but  the  bomb  broke,  and  a  sheet  of  issued  from  the 
crack. 

MAXIMUM  THERMOMETER.  A  thermometer  intended  to  indicate  the  highest  tem- 
perature attained  during  a  day,  or  dazing  any  given  space  of  time.  Ruiherfor^B  Mciximum 
Thermometer  has  a  moveable  steel  index  at  the  end  of  the  mercurial  column.  As  the  tempera- 
ture rises,  the  mercury  pushes  this  index  before  it ;  but  when  the  temperature  falls,  the  index 
does  not  follow  the  returning  mercury.  The  instrument  is  most  conveniently  set  by  bringing 
the  steel  index  back  to  the  mercuxy  by  means  of  a  magnet.  In  Philip* »  Maximum  Tharmo- 
fMUr,  part  of  the  mercurial  column  is  separated  from  Uie  rest  by  a  minute  air  bubble ;  the 
detached  part  does  nOt  follow  the  mercury  when  the  temperature  falls.  In  the  maximum 
thermometer  of  Negretti  and  Zambra  the  tube  is  bent  near  the  bulb,  and  the  bore  contracted 
at  the  angle.  Hence,  when  the  temperature  falls,  the  part  of  the  mercury  beyond  the  bend  does 
not  follow  the  retreat  of  the  rest. 

MEAN  DISTANCE.  In  astronomy  the  mean  distance  of  a  planet  is  the  mean  between 
the  greatest  and  least  distances  of  the  planet  from  the  sun.  Thus  the  mean  distance  is  equal 
to  half  the  major  axb  of  Uie  orbit.  The  extremities  of  the  minor  axis  of  an  orbit  are  at  the 
mean  distance  from  the  focus. 

MEAN  SOLAR  TIME.    See  Day. 

MEASURES.     See  MOric  Sytiem. 

MEBSUTA.     (Arabic.)    The  star  e  of  the  constellation  Gemini. 

MECHANICAL  ADVANTAGE.  The  ratio  between  the  power  applied  to  a  madiine,  and 
the  weight  or  resistance  supported  by  the  action  of  a  machine  when  just  on  the  point  of  causing 
motion.  Thus  if  in  a  lever,  having  arms  of  1  inch  and  8  inches  respectively,  a  power  equal  to 
2  lbs.  applied  at  the  long  arm,  keeps  a  weight  of  16  lbs.  at  the  short  arm  at  rest,  the  mechanical 
advantage  of  the  lever  is  expressed  by  the  ratio  of  16  to  2,  or  8.     (See  Virtual  Vdodtia.) 

MECHANICAL  EFFECT.  Work  done  by  any  agent,  and  estimated  in  terms  of  some 
unit  of  weight  raised  through  a  unit  of  height.  (See  Dywjumioal  Unit;  Foot-Pound;  fforte- 
Power.) 

MECHANICAL  EQUIVALENT  OF  HEAT.  A  teim  introduced  by  Dr.  JuHus  Mayer 
of  Heilbronn  in  1842,  to  express  the  relationship  existing  between  mechanical  work  and  heat. 
The  mechanical  equivalent  of  heat  is  the  amount  of  actual  visible  force  or  work  (usually  mea- 
sured in  foot-pounds  or  kilogrammetres)  which  is  convertible  into  a  unit  of  heat,  and  into  which 
conversely  a  unit  of  heat  can  be  converted.  The  determination  of  the  mechanical  equivalent  of 
heat  forms  the  basis  of  the  modem  science  of  heat  regarded  as  motion.  It  was  made  quite 
independently  by  Dr.  Mayer,  and  by  Dr.  Joule  of  Manchester,  the  former  deducing  his  result 
by  calculating  the  work  done  by  a  gas  in  expanding  under  certain  conditions,  while  the  latter 
worked  experimentally,  and  proved  the  relationship  between  heat  and  work  by  direct  mechanical 
and  calorimetrical  means.  We  will  first  consider  Mayer's  method,  as  stated  by  Tyndall ;  and 
it  is  for  the  method,  rather  than  for  the  result,  that  we  are  indebted  to  Mayer,  because  certain 
of  his  data  were  not  perfectly  correct.  A  gas  expands  7^  of  its  volume  for  1°  F.,  or  ^f^  or 
its  volume  for  1°  C,  hence  a  given  volume  will,  on  having  its  temperatxure  raised  490**  F.,  or 
273°  C,  occupy  twice  as  much  space  as  before.  If  we  have  a  cubic  foot  of  air  at  the  freezing 
temperature  of  water,  and  under  ordinaiy  atmospheric  pressure,  and  if  we  heat  it  until  it 
doubles  its  volume,  the  heat  which  has  produced  this  expansion  will  have  performed  a  certain 
amount  of  work,  for  it  will  have  caused  the  air  to  expand  against  the  atmospheric  pressure. 
Now  as  the  atmospheric  pressure  on  a  square  inch  of  surface  u  in  round  numbers  15  lbs.,  it 
foUowB  that  the  pressure  on  a  square  foot  is  15  x  144=2160  poimds.  Therefore  the  heat,  which 
has  doubled  the  volume  of  the  cubic  foot  of  air,  has  raised  2160  lbs.  through  a  height  of  i  foot. 
The  weight  of  a  cubic  foot  of  air  at  the  freezing  temperature  is  1  '29  ounces,  and  by  a  calcula- 
tion relating  to  the  specific  heat,  or  capacity  for  heat,  of  a  cubic  foot  of  air  compared  with  that 
of  water,  it  is  found  that  the  amount  of  heat  which  has  sufficed  to  raise  the  cubic  foot  of  air 
through  490**  F.,  or  273**  C,  would  raise  0*31  oz.  of  water  through  the  same  temperature,  or  9^ 
lbs.  of  water  i"  F.,  and  5*29  lbs.  i**  C.  Here,  then,  we  have  the  data  in  terms  of  a  unit  of 
heat  (which  see),  and  the  result  may  be  stated  as  follows  : — ^The  amount  of  heat  competent  to 
double  the  volume  of  a  cubic  foot  of  air  under  ordinary  atmospheric  pressure,  and  consequently 
by  the  means  to  lift  2160  lbs.  to  a  height  of  i  foot,  is  equal  to  94  units  of  heat,  (one  pound  ol 
water  raised  1"  F.),  or  to  5*29  units  of  heat,  if  we  take  as  our  unit  i  lb.  of  water  raised  i**  C. 
We  now  arrive  at  the  second  stage  of  the  calculation.  It  has  been  found  that,  when  a  gas  is 
heated  under  a  constant  pressure  (as  in  the  above  instance),  it  requires  a  larger  amount  of  heat 
than  when  it  is  heated  imder  a  constant  volume  ;  in  the  former  case,  it  is  allowed  to  expand ; 
Sn  the  latter,  the  expansion  is  restrained.    (See  Specific  Heal,)    The  relation  of  these  quantities 
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-  -  -     ■ 

is  as  :*42  to  I,  or  according  to  a  recent  determination  as  i  '414  to  i.  Applying  this  to  the  heat 
absorbed  by  the  cubic  foot  of  air  under  constant  pressure,  we  find  the  following  proportion  :— 

1*414  :  I  :  :  9*5  :  x 

I  X  Q'C 

— ^-^  units  of  heat =6*7 1  units. 
1-414  ' 

Or,  in  the  case  of  the  Centigrade  unit — 

1*414  I  :  :         5'29         S         « 

1^5*29  ^         .1.      *v     ^ 

^— ^  =374  ™uto  of  heat. 

1-414         ^  '^ 

Therefore,  if  the  cubic  foot  of  air  had  been  heated  under  a  constant  yolume^that  is,  if  it  had 
not  been  permitted  to  expand,  and  thus  to  cause  an  expenditure  of  force  equal  to  2 1 60  pounds, 
raised  to  a  height  of  one  foot,  it  would  have  required  6*71  imits  of  heat  of  the  F.  scale,  or  3*74 
of  the  C.  scale. 

Now  9' 5   — 6-71  =  2*79  Fahrenheit  units, 

and    5*29  —  3*74  =  1*55  Centigrade  units. 

Therefore  we  find  the  excess  of  heat,  imparted  to  the  cubic  foot  of  air,  when  allowed  to  expand, 
above  that  required  to  simply  raise  its  temperature  through  490**  F.  or  273**  G.,  is  2*79  units  of 
the  Fahrenheit  scale,  or  1*55  units  of  the  Centigrade  scale,  and  this  excess  has  obviously  lifted 
the  weight  of  2160  lbs.  through  a  height  of  i  foot. 

_         2160,    ^ 
Hence  — — -  feet = 774*1  ft 
279 

,  2160  .    ^  ^  ,. 

and  — -  feet=  I393'S  f*« 

Therefore  I  unit  of  heat  of  the  Fahrenheit  scale  is  capable,  when  converted  into  mechanical 
work,  of  raising  I  lb.  weight  to  a  height  of  774*1  feet ;  or,  what  is  the  same  thing,  774-x  lbs.  to 
a  height  of  i  foot ;  and  i  imit  of  heat  of  the  Centigrade  scale  can,  when  transformed  into 
meclumical  work,  raise  I  lb.  weight  to  a  height  of  1393-5  feet,  or  1393*5  lbs.  to  a  height  of  one 
foot.  This  is  the  mode  of  calculation  adopted  by  Mayer,  to  determine  the  relation  between 
heat  and  work — ^viz.,  the  mechanical  equivaJent  of  heat. 

Mr.  Joule  pursued  an  altogether  different  plan.  He  sought  to  determine,  by  experimental 
means,  the  relation  of  the  amount  of  mechanical  work  disappearing  in  the  form  of  friction  to 
the  heat  which  resulted.  The  simplest  and  most  exact  form  of  force  which  he  could  use,  was 
that  of  a  known  weight  falling  through  a  known  space,  under  the  action  of  the  force  of  gravity. 
The  laws  of  falling  bodies  (which  see)  are  capable  of,  and  have  been  submitted  to,  very  exact 
determination  and  verification,  and  Mr.  Joule  wisely  chose  a  falling  body  as  his  source  of 
mechanical  power ;  the  motion  was  conmiunicated  to  a  spindle,  which  was  caused  to  revolve 
by  the  unwinding  of  string  from  it  as  the  weight  descended,  on  the  principle  of  spinning  a 
top,  or  giving  rotatory  motion  to  a  gyroscope,  and  the  spindle  expended  the  motion  thus  received 
in  producing  friction  in  various  ways,  principally  by  causing  a  paddle  to  revolve  in  water  and  in 
mercury.  The  paddle  was  inclosed  in  a  circular  vessel,  carefully  protected  from  receiving 
extraneous  heat,  and  it  contained  water  at  a  known  temperature.  The  heat,  resulting  from 
the  friction  of  the  paddle  with  the  water,  was  measured  with  great  accuracy  by  thermometers 
reading  to  7^  of  a  degree  Fahrenheit,  and  calculated  acooi^ding  to  ordinary  calorimetrical 
methods,  while  every  allowance  was  made  for  loss  of  mechanical  power  through  friction  of  the 
pulleys,  the  spindle,  and  so  on.  Joule's  experiments  were  commenced  in  1842,  therefore 
simultiuieously  with  Mayer's  first  calculations  in  the  same  direction.  In  August  1843  Joule 
oommunicated  his  first  results,  and  he  continued  the  work  for  seven  years ;  his  principal  and 
concluding  determinations  were  published  in  the  "  Philosophical  Transactions "  for  1850^  the 
paper  bearing  date,  June  4,  1849. 

Mr.  Joule  commences  by  giving  a  short  historical  account  of  the  mechanical  theory  of  heat. 
In  the  development  of  this  theory,  a  law  discovered  by  Dtdong  during  his  researches  on  specific 
heat,  has  been  of  the  utmost  importance,  because  it  proves  that,  under  certain  definite  condi- 
tions, the  calorific  effect  ia  proportional  to  the  work  done.  The  law  may  be  stated  as  follows  : — 
"  Equal  volumes  of  all  gases  taken  at  the  same  temperature,  and  under  the  same  pressure, 
beinff  compressed  or  dilated  to  the  same  fraction  of  their  volume,  disengage  or  absorb  the  same 
dbioTute  quantitif  of  heaL**  {Mimoira  de  VAead^mU  da  ScienccB^  i.  10,  p.  188.)  In  1842 
Mayer  stated  that  he  raised  the  temperature  of  water  by  agitation  from  12**  to  13**  G.  (53*6  to 
55*4**  F.),  but  he  did  not  mention  the  conditions  of  the  experiment.    In  1843  Mr.  Joule  com< 
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mimicftted  to  the  PkUoiophical  Magazine,  %  paper  in  which  he  aononnoed  that  the  tempentnre 
of  water  rises  when  it  is  forced  through  narrow  tubes,  and  that  I  lb.  of  water  thus  heated 
through  1°  F.  requires  the  expenditure  of  an  amount  of  mechanical  force  represented  by  770 
foot-pounds — ^that  is,  770  lbs.  falling  through  I  foot,  or  i  lb.  falling  through  770  feet.  In 
1845  and  1847  he  employed  a  paddle-wheel  in  the  manner  above  described,  and  obtained  the 
numbers  781*5,  782*1,  and  787*6,  as  the  mechanical  equivalent  of  heat,  operating  respectively 
with  water,  sperm  oil,  and  mercury.  The  experiments  were  made  in  a  cellar  which  had  the 
advantage  of  being  subject  to  very  slight  changes  of  temperature,  and  the  fall  of  the  weights 
used  to  produce  the  rotation  of  the  piddle  was  63  inches.  The  weights  were  either  of  29  lbs., 
or  of  10  lbs.,  and  they  were  caused  to  fall  20  times— that  is,  the  paddle  was  caused  to  revohre 
to  the  extent  produced  by  the  weights  falling  20  times  through  63  inches  for  each  experiment^ 
the  temperature  of  the  water  in  which  the  paddle  revolved,  bMBing  taken  only  at  the  commence- 
ment and  termination  of  such  20  falls  of  the  weights.  The  velocity  of  the  weights  in  descend* 
fng  was  about  2*42  inches  per  second,  and  the  time  occupied  by  each  experiment  35  minntes. 
The  following  is  a  summary  of  the  results  obtained  : — 


Ntiinber  of 
Series. 

Number  of 
Expeiimoito. 

Material 
employeX 

Equivalent 
in  Air. 

Equivalent 
InVaena 

Mesn. 

z 

8 

3 

4 
5 

40 
ao 

30 
zo 
xo 

Water. 
Mercurjr. 
Mercury. 
Cast  iron. 
Ca&tiron. 

773*640 
773-762 

776  303 
776997 
774880 

77269a 
772-814 

77535a 
776045 

773930 

77a-699 
}    774-083 

}    774987 

'*  I  consider,"  says  Mr.  Joule,  in  concluding  his  paper,  **  that  772*692,  the  equivalent  derived 
from  the  friction  of  water,  is  the  most  correct,  both  on  account  of  the  number  of  experiments 
tried,  and  the  great  capacity  of  the  apparatus  for  heat.  And  since,  even  in  the  friction  of  fluids, 
it  was  impossible  entirely  to  avoid  vibration,  and  the  production  of  slight  sound,  it  is  probable 
that  the  above  number  is  slightly  in  excess.  I  will,  therefore,  conclude  by  considering  it  as 
demonstrated  by  the  experiments  contained  in  this  paper  : — 

'*  I.  That  the  quantity  of  heat,  produced  by  the  friction  of  bodies,  whether  solid  or  liquid,  is 
always  proportionate  to  the  force  expended  ;  and 

"  2.  That  the  quantity  of  heat,  capable  of  increasing  the  temperature  of  a  pound  of  water 
(weighed  in  vacuo,  and  taken  at  between  55**  and  60°  F.)  by  1°  F.,  requires  for  its  evolution  the  ex- 
penditure of  a  mechanical  force  represented  by  the  fall  of  772  lbs.  through  the  space  of  I  foot." 

This  is  known  as  "Joule's  equivalent,"  and  is  universally  adopted.  If  the  unit  of  heat  be 
taken  as  i  lb.  of  water  raised  i°  F.,  772  foot-pounds  represent  the  mechanical  equivalent  of 
heat ;  whereas,  if  the  unit  of  heat  be  taken  as  i  lb.  of  water  raised  i°  C,  1389*6  foot-pounds 
represent  the  mechanical  equivalent  of  heat.  If  Joule's  equivalent  is  represented  entirely  by 
metric  system  numbers,  the  mechanical  equivalent  of  heat  is  stated  as  425  hilogrammUr^ — 
that  is  to  say,  the  mechaoical  force  necessary,  when  converted  into  heat,  to  raise  the  tempera* 
ture  of  X  kilogramme  (2*2046215  lbs.  avoirdupois)  of  water,  from  o**  to  I**  G.  (32**  to  33*8**  F.), 
is  represented  by  the  faU  of  425  kilogrammes  through  the  space  of  I  metre  (3*2008992  feet),  or 
I  kilogramme  through  the  space  of  425  metres.  Conversely  I  calorie  of  heat,  converted  into 
mechanical  work,  would  raise  I  kilogramme  to  a  height  of  425  metres.  (See  also  Heal; 
Tkermo-dynamics :  Calorie.) 

MECHANICAL  VALUE  OF  LATENT  HEAT,  ^e^  Latent  Heat 

MECHANICS,  (fi'nx^'-^i  a  machine.)  That  branch  of  practical  mathematics  which  con- 
siders the  nature  and  laws  of  moving  powers  with  their  effect  in  machines,  and  the  nature, 
generation,  and  communication  of>  motion.  The  science  was  divided  by  Newton  into  practical 
and  rational  mechanics,  the  former  of  which  related  to  the  mechanical  powers,  and  the  latter  to 
the  theory  of  motion.  It  is  usual  now  to  divide  mechanics  into  two  divisions,  the  first  treating 
of  forces  which  keep  the  body  or  bodies  on  which  they  act  at  rest,  and  thence  termed  itatict^ 
and  the  second  treating  of  motion.  The  latter  is  subdivided  into  two  parts,  the  first,  termed 
kinenuUieiy  considers  the  properties  of  motion  apart  from  the  forces  which  produce  it,  and  the 
second  investigates  the  relation  of  the  forces  to  the  motion  which  they  produce.  Both  branches 
are  frequently  termed  dynamicM,  although  this  term  more  properly  belongs  to  the  latter. 
Mechanics,  according  to  the  ancient  sense  of  the  wohi,  considered  only  the  energy  of  myana  or 
machines.  Although  the  practical  uses  of  the  simple  machines  were  undoubtedly  known  to 
the  ancients  they  were  almost  entirely  ignorant  of  the  theoretical  principles  of  the  scienoe. 
Vitnivius,  in  his  tenth  book,  mentions  several  ingenious  machines  in  which  the  inclined  plane^ 
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pully,  and  lever  were  used.  Arcbimedee  was  the  first  to  explain  the  efficacy  of  these  machines 
on  true  principles,  in  his  treatise  *'  De  .^Iquiponderantibus,"  and  the  science  remained  almost  as 
he  had  left  it  nntU  the  sixteenth  century,  when  Stevinus,  an  engineer  of  the  Low  Conntries^ 
detennined  the  force  necessary  to  sustain  a  weight  on  an  inclined  plane.  He  was  led  to  the 
Bolntion  by  the  fact  that  when  a  chain  passes  over  the  top  of  an  inclined  plane  so  that  a  part 
rests  on  the  plane  and  a  part  hangs  vertically,  there  will  be  equilibrium  if  the  two  extremities 
are  in  the  same  horizontal  line.  In  1 592  GiUileo  wrote  his  Ddla  Scienza  Medumica  with  a 
full  explanation  of  the  theories  of  the  lever,  inclined  plane,  and  screw.  A  few  yeara  later  he 
added  the  theory  of  falling  bodies  and  of  the  pendulum,  and  proved  that  the  velocity  of  a 
falling  body  is  uniformly  accelerated.  Torricelli,  the  pupil  of  Galileo,  besides  other  contributions 
to  the  science,  proved  the  important  thereom  that  "  if  there  be  any  number  of  heavy  bodies  con- 
nected together,  and  so  circumstanced  that  by  their  motion  their  centre  of  gravity  can  neither  ascend 
nor  descend,  these  bodies  will  remain  at  rest."  Descartes  next  treated  the  subject  systematio* 
ally,  but  his  theories  of  motion  were  to  a  great  extent  erroneous  and  unsound.  In  1668  the 
Hoyal  Society  recommended  the  collision  of  bodies  as  a  subject  for  investigation,  and  received 
In  response  three  papeis,  respectively  by  Hiiyghens,  Wallis,  and  Wren.  Huyghens  also  deter- 
mined the  relation  between  the  length  and  time  of  oscillation  of  a  pendulum.  In  1687  Newton, 
in  his  Frincipia,  separated  the  composition  of  forces  from  the  composition  of  motion,  and  by 
applying  the  principles  of  fluxions  laid  the  foundation  of  the  modem  system  of  theoretical 
mechanics.  Leibnitz  made  some  improvements,  employed  the  "  Principle  of  Sufficient  Reason," 
and  dearly  enunciated  the  law  of  continuity.  In  1686  he  published  in  the  Leipsic  Joumid 
"  the  demonstration  of  a  great  error,  commenced  by  Descartes  and  others,  in  estimating  the 
force  of  moving  bodies.*'  In  this  article  it  was  stated  that  the  force  of  a  moving  body  did  not 
vary  as  the  velocity,  but  as  the  square  of  the  velocity.  In  the  discussion  which  followed 
Sn^ish  mathematicians  maintained  that  the  force  of  a  body  of  mass  (m)  and  velocity  (r)  is 
proportional  to  mr,  since  when  two  bodies  meet  having  these  products  equal  their  motion  is 
destroyed ;  while  the  mathematicians  of  Geimany,  Italy,  and  Holland  measured  the  force  by 
mv^,  French  mathematicians  were  divided,  Maclaus,  Stirling,  Desaguliers,  Jurin,  Clarke,  and 
Marian  taking  the  first  view,  and  Bernoulli,  Herman,  and  Muschenbroek  the  second.  Both 
rides,  however,  always  resolved  the  same  problems  in  the  same  way,  and  arrived  at  the  same 
resnltSb  In  1743  D'Alembert  showed  that  both  views  were  true,  and  that  the  term  force  was 
used  with  different  significations,  the  one  referring  to  time  and  the  other  to  space.  When  a 
body  18  moving  upwards  against  the  force  of  the  earth's  attraction,  the  time  during  which  it 
will  rise  is  proportional  to  the  square  of  the  velocity.  If  the  force  be  referred  to  the  tifM  during 
which  it  will  overcome  a  given  resistance  then  it  is  proportional  to  v,  but  if  to  the  space  through 
which  the  resistance  will  be  overcome  then  it  is  proportional  to  ifl.    (See  Momentumf  and  Energy.) 

The  next  important  contribution  to  mechanics  was  the  principle  of  the  conservation  of  living 
forces  (vires  viva)  established  by  J.  Bernoulli  In  1788  I^agrange  applied  the  method  of  co- 
ordinates, and  thus  made  the  science  purely  analytical 

The  best  complete  treatises  on  the  subject  are  Poisson's  TraiU  de  Meetmique,  and  Thomson 
and  Tait's  Natural  Philosophy, 

MEDIUM,  RESISTING.  A  diffused  ethereal  matter  supposed  to  occupy  the  inter-planetary 
and  interstellar  spaces,  resisting  the  motions  of  all  bodies  and  perceptibly  modifying  the  motiona 
of  such  bodies  as  comets. 

MEGASCOPE,  {fieyas,  great,  and  CKoireUy  to  see.)  An  instrument  for  taking  magnified 
drawings  of  objects.    It  is  the  same  in  principle  as  the  Sdar  Microscope  and  Magic  Lantern. 

MELODY.  A  succession  of  single  sounds.  That  branch  of  the  musical  art  which  treats  of 
the  relation  of  sounds  produced  in  succession. 

Sounds  used  in  Mdody,  The  series  of  sounds  used  In  music  are  thus  related : — ^Let  us  take  a 
sound  as  that,  for  instance,  which  is  produced  by  512  vibrations  per  second  as  a  fixed  sound  for 
reference,  then  let  us  obtain  the  sound  made  by  twice  this  number,  or  1024  vibrations  per 
second.  The  second  sound  is  termed  the  octave  of  the  first.  By  dividing  the  interval  between 
these  sounds  into  six  equal  parts,  we  obtain  six  tones,  and,  by  dividing  it  into  twelve  equal 
parts,  we  have  twdve  mean  sendUmes  included  by  thirteen  sounds.  Similarly,  any  other  octave 
contains  twelve  mean  semitones.  If  from  the  thirteen  sounds  including  the  octave,  we  strike  out 
the  2d,  4th,  7th,  9th,  and  I  ith,  the  sounds  remaining  form  what  is  termed  the  major  scale.  If 
we  strike  out  the  2d,  5th,  7th,  loth,  and  nth,  we  obtain  the  minor  scale.  In  the  major  scale 
the  interval  between  the  &^  and  third  notes  is  a  major  third,  and  in  the  minor  scale  this  inter- 
yal  is  a  minor  third.     (See  Musical  Interval.) 

*Theee  two  scales,  which,  from  their  intervals  consisting  chief y  of  tones,  are  both  included 
nnder  the  term  Diatonic  Scale,  form  the  source  or  fountain-head  of  aU  modem  music,  the  major 
acale  supplying  us  with  expresrioDB  of  a  joyful  or  triumphant  character,  the  minor  with  itrains 
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of  plaintiveness  and  sorrow.  The  major  and  minor  scales  are  also  spoken  of  as  modes  of  tbe 
Diatonic  Scale.  It  will  be  observed  tiiat  in  the  minor  scale  series,  as  above  indicated,  there  is 
an  interval  of  three  temUones  between  its  sixth  and  seventh  sounds.  This  interval  being  an 
extreme  one,  is  avoided  in  melody  by  rauing  the  iixth  a  semitone  in  ascending  passages,  and  by 
lowering  the  seventh  in  descending  passages. 

In  contradistinction  to  the  Diatonic  Scale,  the  scale  or  series  of  mean  semitones  is  called  the 
Chromatic  Scale. 

Namet  of  the  Sounds.  The  sounds  of  the  major  scale  are  named  by  the  first  seven  letters  of 
the  alphabet,  C,  D,  E,  F,  G,  A,  B.  These  letters  were  first  used  in  the  uSolian  scale,  which 
resembled  our  minor  scale,  and  the  first  sound  of  which  was  called  A.  A  better  knowledge  of 
the  harmonic  relations  of  the  soimds  has  led  to  the  major  scale  on  C  being  chosen  as  the  normal 
scale  ;  nevertheless,  the  ^olic  letters  have  been  retained,  thus  making  C  instead  of  A  the  first 
sound  of  the  normal  scale.  The  other  sounds  are  named  by  means  of  tbe  same  letters  witli 
chromatic  signs  (jt  and  b),  to  show  that  they  are  to  be  considered  as  elevations  or  depressions 
of  the  sounds  adjacent  to  them. 

Name.  Major  Scale  of  C        Minor  Scale  of  C 

I'  •  C •    C •    C 

12  •  B  •    B •    B 

II  •  B  b  or  A  |L  B  flat  or  A  sharp 

lo  •A  ^  #    A 

9  #  A  bor  oik  Aflat  or  G  sharp •    Ab 

8  #0,  ^  •    G #    G 

7  •  G  b  or  F  S,  G  flat  or  F  sharp 

6  •F  ^  •     F •    F 

5  #  E  •     E 

4  •  E  b  or  D  |Le  flat  or  D  sharp •    Eb 

3  •^^       :  •  I> •  I> 

2    y  D  borCjLDflatorG  sharp 

I    •  C... Z •     C •    0 

Sounds  take  the  same  letter  names  as  their  octaves.  The  sound  made  by  512  vibrations  per 
second  is  middle  C  ;  by  1024,  upper  C ;  by  2048,  G  in  alt;  by  4096,  C  in  aUiMtimo;  by  256, 
lower  C  ;  by  128,  contra  or  double  C, 

Amongst  Yocalists,  seven  Italian  syllables  are  also  used  to  name  the  sounds  of  the  musical 
scale. 

I  2345678 

Do        Be        Mi    Fa       Sol        La       Si    Do 

Pitch,  The  relative  height  of  a  sound  is  termed  its  pitch.  The  pitch  depends  on  the  num- 
ber of  vibrations  per  second  which  produce  the  sound,  the  greater  the  number  of  vibrations  per 
second,  the  higher  being  the  pitch. 

The  Staff.  To  denote  differences  of  pitch,  five  equidistant  parallel  lines  are  used,  forming 
what  is  termed  the  staff.  Symbols,  termed  notes,  are  placed  on  the  staff  in  different  positions 
to  denote  sounds  of  different  pitch.  The  staff,  with  its  five  lines  and  six  spaces,  will  represent 
eleven  sounds.  Sounds  above  or  below  these  are  represented  by  adding  small  lines,  termed 
leger  lines,  thus — 


•G- 


Clef.  The  staff  of  five  lines  is  sufficient  for  a  melody  written  for  an  individual  voice,  but 
parts  for  different  voices  are  written  on  staves  which  represent  sounds,  from  different  parts 
of  the  series  of  musical  sounds.  A  sign  termed  a  cltf  is  placed  on  one  of  the  five  lines  to  show 
what  sound  is  represented  on  that  line.    There  are  three  clefs  in  use. 


I.  The  F  aef,  ^^'  2.  The  C  Clef      ^^1  3.  The  G  Clef   ^ 


The  following  figure  shows  the  relation  of  the  various  staves  to  one  another.  The  C  clef, 
which  is  here  intrc^uced  for  the  two  voices  Tenor  and  Alto,  is  frequently  dispensed  vith,  the 
soimds  of  these  voices  being  written  upon  the  Treble  Staff,  and  those  of  the  tenor  appearing  an 
octave  higher  than  they  are  to  be  song. 
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Vibntions  Name 
per  of 

Second.    Note. 
G' 

F 

E' 

jy 

1024 c 

B 

A 
G 

F 
E 

D 
512 C 

256 a 


Bass  staff. 


Tenor. 


Alto 


Treble. 


^ 


B 


// 


G 


// 


// 


Sange  qf  the  Suman  Voice.  The  ordinary  range  of  women's  and  boy's  Toioes  is  in  the  treble  of 
soprano  {nipremuSf  highest),  from  0  (512  vib.)  to  G'  or  A,  in  the  alto  or  contralto  from  G^  to  C 
or  D^  The  compass  of  men's  voices  is  usually  in  the  tenor,  from  C^  (256  vib.)  to  G  (tenor,  from 
ieneo,  to  hold),  the  leading  voice  so  called,  because  in  medieeval  tunes  this  voice  sustained  ths 
leading  melody.  The  alto  {aUu$,  high)  was  so  named  because  it  was  higher  than  the  leading 
voice,  and  in  ihe  bass  from  G^  to  D.  These  limits,  however,  are  often  very  much  exceeded  by 
80I0  singers.  In  1770,  Mozart  heard  Bastardella  at  Parma  close  a  cadenza  with  O"  (G  in 
dUisnmOf  or  C  of  4096  vibrations  per  seoond).  In  his  Twelfth  Mass  also  the  same  composer 
carried  the  bass  to  G,  to  display  &.e  voice  of  a  celebrated  singer  of  hia  day.  Signer  Lablache^ 
the  late  basso-profnndo,  could  sustain  with  ease  and  power  C^  (double  C,  or  C  of  128  vib.) 

Signaturei,  Scales  may  be  founded  on  any  one  of  the  twelve  sounds  which  occur  in  an 
octave.  The  fundamental  sound  or  key-note  gives  its  name  to  the  scale.  This  key-sound  is 
also  called  the  tonic  of  the  scale. 

Majob  Scalxs. 
EFF^orGb    G    G^orAb    A    AJforBb    B 


^3 


n 


or,  or 

0  Db      D       Eb 


GftorAb                                    • 5:::::::;;*::v:;:;; 

G*                                                                            # # # 

F 1  or  G  b • • • 0 

F • • • • 

E                                                           # 

B' 0 0 ^ ^ ^ 

C'ilorDb M « « ^ « ^ - 

% I- ; • -••• '^ ; • • 

AjorBb..*.... •. p .; .• ^ • • 

G  ft  or  A  b » m m m m 

G. ^....T ^ J. .T....^ .T. ^ 

FftorG  b m m # • 

F. #•••■• # • 

E p ^ 0 

DftorEb 0 # 

B.;. 0 

CftorDb m 

C... 
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Pram  the  abore  Table  it  will  be 

seen  that  the  Scale  of 

6  requireB  one  sbarp,  namelji 

F# 

D 

II 

twoiharpsy 

II 

FfandC^ 

A 

It 

three    ii 

11 

F|c|;«idGj 

£ 

II 

four      11 

tl 

F|CJ|;G|,andD| 

B 

It 

five       11 

II 

Fi^Cfr6|,D|.«.dA# 

n 

It 

six        M 

II 

F|;c|;GJ};D|AJ|;aiidE# 

cf 

!♦ 

■even    n 

N 

F#,C|,GJj;DiA|BJ|;MdB| 

F 

11 

one  flat^ 

II 

Bb 

Bb 

tl 

two  flatB, 

N 

BbandEb 

Eb 

It 

three    ii 

II 

Bb,Eb,«idAb 

•    Ab 

n 

four     It 

II 

Bb,Eb,Ab.«ndD^ 

Db 

N 

five      II 

II 

Bb,Eb,Ab.Db,andOb 

Gb 

II  • 

six        It 

tl 

Bb,Eb,At;I>b,Gb,MidCb 

Cb 

II 

seven    ti 

II 

Bb,Eb,Ab,Db,Gb,Cb,«iidFb 

In  the  same  way  minor  scales  may  be  founded  on  each  of  the  sounds  of  the  cfhinmatie  scale 
by  writing  out  all  the  sounds  of  the  octave  from  the  fundamental  note,  and  rejecting  the  id, 
5th,  7th,  loth,  and  i  ith. 

Instead  of  writing  the  chromatic  ^signs  (ft,  b)  on  the  staff  with  the  notes  as  they  occur,  they 
are  usually  written  at  the  commencement  of  the  piece,  and  fonn  what  is  termed  the  key  sig- 
nature. The  same  signature  is  used  for  a  major  scale,  and  for  its  relative  minor,  ie.,  the  minor 
scale  most  nearly  related  to  it.  The  following  is  a  table  of  the  signatures  as  they  appear  on  the 
treble  and  bass  staves : — 


f^^^^i^^^0mph 


CMaj.  G  Major,  D  Major,  A  Major,     E  Major,    B  Major, ,   F  ft  Major, 

or  or  or  or  or  or  or 

A  Min.  E  Minor.  B  Minor.  F | Minor.  C| Minor.  G| Minor.  D  ^  Minor. 


C  jj^  Major, 

or 
A  ft  Minor. 


FMaj.,    B^Maj.,  Eb  Major,  At  Major,    Db  Major,      Gfc  Major,  C  t  Major, 


or 


or 


or 


or 


or 


or 


or 


D  Min.     G  Minor.    G  Minor.    F  Minor.     B  b  Minor.      E  b  Minor.        A  b  Minor. 


i!±dt^b^H^iteKi^Bgpp=fr-^%^r^ 


:&^ 


S 


2;*: 


*: 


tfe 


S 


^ 


All  sounds  introduced  into  a  melody  which  are  not  in  the  scale  in  which  it  is  commenced  are 
accompanied  by  their  chromatic  signs,  which  are  then  tenned  acddaUaU,  The  effect  of  a  sharp 
or  a  flat  is  removed  by  a  naturaX  |||. 

Duration,  The  duration  of  musical  sounds  may  be  considered  relatively  or  absolately.  BeU- 
tive  duration  is  indicated  by  the  shapes  of  the  notes,  thus-~ 
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Note. 
Name. 

Batioe  of  No. 

inagiyentime. 
lUtios  of 
duration. 


i 

Breve.       Semibrere.     Minim. 


r 


I 


5 


4 

64 


Crotchet.    Qoaver.    Semiquayer.  Demi- 
Semiquaver. 

8  i6 


32 


i6 


4 
8 


3* 


Notes  of  intermediate  duration  are  formed  by  placing  a  dot  after  a  note,  thus  making  it  half 
as  long  again ;  or  i^  dovJblU  dot,  the  second  dot  having  luJf  the  value  of  the  first ;  or  by  grouping 
notes  of  various  lengths  by  the  dwr  or  tie  ^''"-^s. 

£e9t8f  or  notes  of  silence,  correspond  in  duration  to  notes  of  sound,  thus— 


EH 


Absolute  duration  is  expressed  approximately  by  the  Italian  terms,  adagio,  very  slow,  andante, 
slow,  moderato,  moderate,  aUegro,  quick,  j»rMto,  very  quick,  and  a  number  of  terms  with  interme- 
diate significations.  Exact  indication  is  afforded  by  means  of  the  metronome,  an  instrument 
invented  by  Maelzel,  a  G^nnan  mechanician,  and  consisting  of  a  pendulum,  the  time  of  oscilla- 
tion of  which  may  be  varied  at  pleasure  by  means  of  a  moveable  index  and  a  scale  which  shows 
the  number  of  oscillations  per  minute.    The  indication  M  p  s  6o  attached  to  a  composition, 

shows  that  when  the  regulator  of  the  pendulum  in  Maelzel's  metronome  is  at  6o^  each  oscillation 
represents  the  deration  of  a  minim  Rhythm,  The  recurrence  of  stress  in  a  melody  at  regular 
intervab  of  duration  is  called  rhythm,  the  stress  itself  being  termed  accent.  The  podtioncS  the 
accents  is  indicated  by  drawing  vertical  lines  across  the  sti^  so  that  the  accented  notes  shall 
occur  immediately  after  the  lines.  The  lines  are  termed  bars,  and  the  part  of  the  melody 
between  two  bars,  that  is,  between  two  equally  accented  notes,  is  termed  a  measure.  In  the 
same  melody  all  the  measures  are  of  the  same  duration.  Although  the  measures  themselves 
indicate  the  rhythm,  a  mark  is  usually  placed  after  the  clef  for  this  purpose,  consisting  of  a 
fraction  the  denominator  of  which  shows  into  how  many  parts  the  semibreve  \b  divided,  and 
the  numerator  how  many  oi  these  parts  are  contained  in  a  measure.  Thus  of  simple  measures 
we  have  in  duple  rhythm  \  (read  two-two)  \  and  },  and  in  triple  rhythm  %  \  and  f  measure ;  of 
compound  measures  we  have  in  duple  rhythm  \  and  \  (also  termed  common)  and  in  triple 
rhythm  \,  \,  \  and  (  measure.  In  the  compound  measures,  in  addition  to  the  principal  accent 
on  tiie  first  note  of  the  measure  there  is  a  subordinate  accent  on  the  first  note  of  each  subdivi- 
sion of  the  measure. 

Simple  Measurei. 


prrTftirm 
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s: 


s: 


i 
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Compound  Meaeures. 
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Grouping  of  Meaturet,  Every  melody  may  be  divided  into  groups  of  measures  termed 
fhrasea,  each  having  a  distinctive  character.  By  taking  a  larger  number  of  measures,  the  melody 
is  divided  into  ttratns  or  periode,  having  more  strongly  marked  terminations  or  cadences. 

Common  Forms  of  Mdody,  The  single  chant  is  a  melody  of  one  strain  not  strictly  rhythmical, 
but  suited  for  the  intoning  of  the  prose  of  Psalms.  The  double  chant  consists  of  two  such 
strains.  The  majority  of  Psalm,  Hymn,  and  sacred  and  secular  song  tunes  are  pieces  of  two 
strains.  The  rhythmical  structure  of  Psalm  and  Hymn  tunes  depends  on  the  metre  of  the 
poetnr  to  which  they  are  set.  A  long  meaeure  hymn  consists  of  four-line  stanzas  with  four 
lambJc  feet  or  eight  syllables  in  each  line  ;  common  meature  consisits  of  four  lines  with  four  and 
three  iambic  feet— eight  and  six  syllables— alternately.  Short  measure  has  two  lines  with 
three  iambic  feet,  then  a  line  with  four  feet,  and  then  a  fourth  with  three  feet.    A  letwts 
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hymn  hte  stanzM  of  four  lines  of  seven  BylUbles,  alternate  syllablea,  beginning  with  the  first, 
being  accented.  For  the  names  of  intervals,  and  the  relation  between  the  intervals  of  musical 
practice  and  those  derived  from  the  theory  of  sotmd  (see  Murieal  ItUerval),  and  for  the  relation 
of  sounds  simidtaneouBly  produced  see  Harmony. 

MENISCUS  LENS.  {firinaKOff  a  little  crescent.)  A  lens  having  one  convex  and  one  con- 
cave surface,  the  convexity  exceeding  the  concavity.  It  acts  as  a  convex  lens,  bringing  incident 
parallel  rays  of  light  to  a  focus. 

MENISCUS  PRISM.    See  PritmaJtic  Lens. 

MENKALINAN.    (Arabic.)    The  star  /3  of  the  constellation  Auriga. 

MENKAB.    (Arabic.)    The  star  a  of  the  constellation  Cetus. 

MENOTTI'S  BATTERY  is  a  Daniell's  battery  in  which  the  porous  cell  is  replaced  by  a 
layer  of  wet  sawdust  or  sand.  It  is  already  much  used  for  telegraphic  purposes,  being  admirable 
for  its  constancy  and  for  the  ease  and  cheapness  of  construction.  In  the  Menotti  cell,  a  thin 
copper-plate,  to  which  is  soldered  a  gutta-percha  covered  copper  wire,  is  laid  at  the  bottom  of  a  con- 
venient jar,  the  wire  projecting  out  of  it.  Over  this  is  placed  a  laver  of  sulphate  of  copper  an 
inch  or  two  thick,  and  then  t£«e  or  four  inches  of  sawdust  which  has  been  well  soaked  in  water. 
A  thick  circular  plate  of  zinc  placed  on  the  top,  having  a  wire  soldered  to  it,  completes  the  cell, 
and  by  its  weight  keeps  the  sawdust  and  sulphate  of  copper  well  pressed  down.  Frequently  an 
inch  of  water  is  kept  over  the  zinc  plate  to  preserve  the  wetness  of  the  sawdust  and  thus  Himiniah 
the  internal  resistance.  The  current  proceeds  from  the  zinc  through  the  cell  to  the  copper ;  and 
the  chemical  action  is  exactly  the  same  as  in  the  Daniell's  battery,  sulphate  of  zinc  being  formed 
and  metallic  copper  deposited. 

MENSA  (Abbreviated  for  Mons  Mensae,  the  Table  MawUain.)  A  small  southern  constella- 
tion formed  by  Lacaille. 

MERCURY.  In  astronomy  the  planet  nearest  to  the  sun.  Mercury's  mean  distance  from 
the  sun  is  35,392,ocx>  miles,  his  greatest  42,669,000,  his  least  28, 1 15,000.  As  the  earth's  mean 
distance  from  the  sun  is  91,430,000  miles,  it  follows  that  Mercury's  distance  from  the  earth 
varies  between  about  45,000,000  a^  about  135, 500,000  miles.  He  is  most  favourably  seen  when 
nearly  at  his  greatest  elongation,  at  a  distance  of  about  85,000,000  miles  from  us;,  when  he 
appears  as  a  half  dise.  His  mean  sidereal  revolution  is  completed  in  87*9693  days,  while  the 
mean  interval  separating  his  successive  returns  to  inferior  conjunction  is  1 1 5  '877  days ;  so  that  he 
passes  through  all  his  phases  more  than  three  times  in  the  course  of  every  year.  His  orbit  is 
more  eccentric  and  indined  at  a  greater  angle  to  the  ecliptic  than  that  of  any  other  planet;  the 
eccentricity  beintr  no  less  than  0*205618,  the  inclination  y"  o'  8 '2".  His  diameter  is  estimated 
at  about  3050  mues ;  his  volume  0*058,  the  earth's  being  unity ;  his  density  one-tenth  greater 
than  the  earth's ;  and  his  mass  0*065,  ^^  earth's  being  unity. 

Mercury  is  examined  under  very  unfavourable  circumstances  by  the  telescopist,  on  account  of 
its  great  proximity  to  the  sun.  Ijius  we  have  little  satisfactory  evidence  respecting  his  physical 
habitudes.  It  is  even  doubtful  whether  the  period  of  rotation  assigned  to  Mercury  (24h.  5m. 
28s.)  can  be  regarded  as  satisfactorily  estabUshed ;  and  certainly  very  little  reliance  can  be 
placed  on  the  values  which  have  been  assigned  to  the  inclination  of  the  planet's  equator^ 
plane. 

Since  Mercury  travels  nearer  to  the  sun  than  the  earth,  he  is  sometimes  seen  to  pass  over  the 
sun's  disc.  A  phenomenon  of  this  sort,  though  far  less  important  than  a  transit  of  Venus,  is  yet 
not  without  interest  to  the  astronomer.  In  particular,  it  nfifords  him  the  means  of  justly  esti- 
mating the  nature  of  those  peculiarities  which  characterise  all  transits.  During  the  last 
transit  of  Mercury,  for  example,  astronomers  paid  great  attention  to  the  appearance  preeented 
by  Mercury  when  just  about  to  leave  the  sun's  disc  (internal  contact.)  The  formation  of  the 
small  black  ligament  which  seems  for  a  few  seconds  to  connect  the  disc  of  Mercury  with  the 
outline  of  the  solar  disc,  was  found  to  be  a  phenomenon  depending  on  the  power  of  the  telescope 
made  use  of,  a  conclusion  of  the  utmost  importance  in  connection  with  the  approaching  laransits 
of  Venus.  (See  Monthly  Notices  of  the  Royal  Attronomical  Society,  vols.  29,  30.)  Tnmaits  of 
Mercury  take  place  at  intervals  of  13,  7,  10,  3,  10,  3,  Sec,  years.    (See  Planet.) 

MERCURY.  A  beautiful  white  metal,  liquid  at  the  ordinary  temperature.  Atomic  weight, 
200.  Symbol,  Hg,  from  its  Latin  name  Hydrargyrum;  tdwpf  dpyvpoy^  liquid  silver,  or  quick' 
silver.  It  was  known  to  the  ancients,  and  is  frequently  found  native  ;  it  is  usually  obtained  from 
the  sulphide,  which,  when  heated  with  lime  in  an  iron  or  day  distillatory  apparatus,  is  decomposed 
with  liberation  of  the  mercury  which  volatilises  and  sulphur  which  is  retained  by  the  lime.  Mer* 
oury  does  not  oxidiso  at  common  temperatures,  but  near  its  boiling  point  it  unites  with  oxygen. 
It  boils  at  360**  C.  (680'*  F. ),  forming  a  colourless  vapour  of  specific  gravitv,  6*7.  At  —39*44^  C. 
(  —  39**  F.)  it  solidifies  with  contraction  to  a  tin  white,  ductile  and  malleable  metal.  At  the 
ordinary  temperature  its  specific  gravity  is  13*596.    Vapour  rises  from  it  even  at  the  freezing 
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point  of  water  in  sufficient  quantity  to  whiten  gold  leaf.  It  diasolTes  in  hot  nitric  and  snlphtirio 
adds.    The  following  are  the  most  important  compounds  of  mercury : — 

Oxidet  of  Mercury,    Mercury  forms  two  oxides,  the  black  oxide  and  the  red  oxide. 

Black  Oxide  of  Mercury,  called  also  suboxide  or  Mercurout  Oxide  (Rgfi),  is  an  almost  black 
powder,  easHy  decomposed  by  light,  heat,  or  reducing  agents,  into  oxygen  and  mercury.  It 
forms  a  well-defined  series  of  salts,  which  are  described  under  the  headings  of  the  acids. 

Sed  Oxide  of  Mercury,  cr  mercuric  oxide  (HgO),  known  also  as  binoxide  of  mercuiy  and  Red 
Preeipitaie,  is  usually  prepared  by  igniting  the  nitrate  of  mercury ;  it  is  a  crystalline,  brick  red, 
scaly  powder,  which  is  decomposed  by  heat  into  oxygen  and  mercury,  and  also  by  Hght  super- 
ficii^y.  It  is  veiy  slightly  soluble  in  water,  but  sufficiently  so  to  give  it  a  metaJUc  taste  and 
alkaline  reaction.  Reducing  agents  convert  it  either  into  the  black  oxide  or  into  metallio 
mercury.  It  dissolves  in  adds  forming  salts,  the  most  important  of  which  are  described  under 
the  headings  of  the  respective  adds. 

Stdphide  of  Mercury.  Mercuric  Sulphide  (HgS),  known  also  as  Cinnabar  and  Vermillion, 
When  prepared  by  precipitation  this  is  a  black  amorphous  powder,  but  it  can  be  changed  by 
judidous  treatment  into  the  red  modification.  Native  dnnabar  is  the  prindpal  source  of 
mercury ;  it  is  of  a  scarlet  colour,  somewhat  transparent  and  ciystallises  in  rhombohedrons. 
"Wben  heated  cinnabar  gets  brown,  and  black,  and  volatilises,  recovering  its  beautiful  colour  on 
condensation  and  cooling.     Its  specific  gravity  is  8*1. 

ddoridea  of  Mercury,    Mercury  forms  two  chlorides,  both  of  which  are  of  importance. 

SubcJdoride  of  Mercury,  or  Calomel  (HgCl),  also  called  mercurous  chloride,  protoddoride  of 
mercury,  is  a  dingy  white  heavy  powder,  tasteless,  inodorous,  and  insoluble  in  water ;  it  is  yola* 
tile  below  redness,  crystallises  in  prisms,  and  its  spedfic  gravity  is  7*14. 

PercMoride  of  Mercury,  or  Corrosive  Sublimate  (HgCl,),  Imown  aJso  as  mercuric  chloride. 
This  is  a  white  semi-transparent  crystalline  compound,  of  specific  gravity  $'42.  When  heated 
to  265°  C.  (SO(f  F.)  it  melts,  and  at  295**  C.  (563''  F.)  boils.  It  is  soluble  in  water,  alcohol,  and 
ether.  When  a  solution  of  mercuric  chloride  is  mixed  with  ammonia  a  bulky  white  insoluble 
predpitate  ia  formed,  known  in  pharmacy  under  the  name  of  tDhite  precipitate.  Its  chemical 
composition  is  HgH^NCl,  and  it  is  called  amido  chloride  of  mercury,  or  chloride  of  dimercur- 
ammonium. 

'odide  of  Mercury,    Mercuric  Iodide  (Hg  I^).    This  is  a  brilliant  scarlet  powder  which  turns 

Jellow  when  gently  heated,  but  gradually  recovers  its  scarlet  colour,  and  instantly  when  rubbed, 
t  is  almost  insoluble  in  water,  but  readily  so  in  solutions  of  iodide  of  potassium ;  its  spedfio 
gravity  is  63. 

MERCURY,  FULMINATING.    See  Ftdminie  Acid, 

MERIDIAN.  {Meridies,  mid-day.)  In  astronomy,  a  great  circle  of  the  celestial  sphere 
passing  through  the  poles  of  the  heavens  and  the  north  and  south  points  of  the  horizon. 

MERIDIAN  ALTITUDE.  The  meridian  altitude  of  a  celestial  object  is  its  altitude  when 
upon  the  meridian. 

MERIDIAN,  BRASS.  The  brass  ring  within  whidi  a  globe  is  suspended,  and  within 
which  it  revolves. 

MERIDIAN  MARK.  A  mark  placed  at  a  convenient  spot  several  miles  from  an  observa- 
tory, and  due  south  of  the  place  of  the  transit  instrument^  to  serve  as  a  means  of  marking  the 
direction  of  the  true  south  point  of  the  horizon. 

MESARTIM.  Arabic.  The  star  y  of  the  constellation  Aries.  It  is  a  weU-known  double^ 
and  said  to  have  been  the  first  recognised  star  of  that  kind. 

METACENTRE.  The  metacentre  of  a  floating  body  is  the  point,  the  podtion  of  which,  in 
regard  to  the  centre  of  gravity  of  the  body,  determines  whether  the  body  is  in  stable  or  instable 
equilibrium.  A  floating  body  is  kept  at  rest  by  two  forces  (see  Ditplacement),  one  of  which  is 
its  weight,  and  the  other  is  a  force  equal  to  the  weight  of  the  water  displaced.  The  first  of 
these  acts  vertically  downwards,  and  may  be  supposed  to  act  at  the  centre  of  gravity  of  the 
body.  Tlie  second  acts  vertically  upwards,  and  may  be  supposed  to  act  at  the  centre  of  gravity 
of  the  space  (filled  with  homogeneous  matter)  displaced  by  the  floating  body.  If  these  two 
points  are  in  the  same  vertical  line,  it  is  dear  that  there  must  be  equilibrium,  and  there  can 
only  be  equilibrium  when  such  is  the  case.  Let  the  vertical  line  joining  these  two  points,  when 
the  body  is  at  rest,  be  called  the  axis  of  the  body.  Suppose  the  body  to  be  disi>laced,  the  pod- 
tion of  the  centre  of  gravity  of  the  body,  with  r^;ard  to  the  body,  remains  unchanged,  but  the 
centre  of  gravity  of  &e  du^laced  water  is  changed  in  position  with  ^gju^  to  the  body.  A  verti- 
cal line  drawn  through  the  centre  of  displacement  will  cut  the  axis.  The  point  of  intersection 
is  called  the  metacentre.  When  the  metacentre  is  higher  than  the  centre  of  gravity  of  the 
body,  the  equilibrium  of  the  body  is  stable,  that  ui,  the  body  will  recover  from  a  sUght  displace- 
ment.   If  tiie  centre  of  gravity  is  higher  than  the  metacentre,  the  body  will  roll  over. 
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METALLIO  RATS,  WAVE  LENGTH  OF.  Thal^n  has  pnbliBhed  (Nova  Ada  Beg.  Soc. 
Scient.  UpsaUenns,  Series  Tertia^  vol.  tI,  fasc.  2.)  an  extended  memoir  on  ^e  wave  leo^hs  of 
the  spectral  lines  of  the  elements.  The  author's  work  does  not  present  any  new  measurements, 
but  is  based  upon  those  made  by  Angstrdm,  which  had  already  been  employed  for  the  purpose 
of  inteijwlation  by  Dr.  W.  Gibbs.  The  method  of  proceeding  was,  however,  new.  Each  Imni- 
nous  ray,  the  wave  length  of  which  was  to  be  measured,  was  in  the  first  place  entered  either 
upon  Kirchhoff's  chart,  which  extends  from  A  to  G,  or  upon  a  new  chart  by  Angstrom  and 
llial^n,  extending  from  G  to  H;  These  rays  were  then  transferred  to  the  normal  plates  of  Che 
spectrum  furnished  by  Angstrom,  and  finally  were  entered  upon  the  charts  publidied  with 
Thal^n's  memoir,  each  being  placed  according  to  its  wave  length.  In  some  cases  the  graphi<»d 
method  was  employed,  ^e  description  oi  the  process  emplo3red  in  determining  the  wave 
length  is  by  no  means  clear.  The  spectroscope  used  was  provided  with  large  telescopes,  and 
with  a  prism  of  bisulphide  of  carbon,  with  a  refracting  angle  of  60'.  The  number  of  elements 
examined  amounted  to  45  ;  of  these  23  were  in  the  metallic  state,  the  others  being  in  the  fonn 
of  chloride.  One  important  result  obtained  by  the  author  is  the  proof  that  the  sun*s  atmos- 
phere contains  titanium.  The  following  elements  had  not  before  heexi  examined  witii  the 
spectroscope,  gludnum,  ziroonlnm,  erbium,  yttrium,  thorium,  uranium,  titanium,  tungsten, 
molybdenum,  and  vanadium.  Appended  to  Thaldn's  memoir  is  a  chart,  in  which  the  spectra  of 
the  different  elements  are  entered  upon  the  plan  first  employed  by  Mr.  Huggios,  so  that  all  the 
spectra  are  upon  one  sheet,  with  the  normal  spectrum  at  the  top.  It  must  be  borne  in  mind, 
however,  that  the  lines  upon  Thaldn*s  map  are  entered  according  to  their  wave  lengths,  and  not 
upon  an  arbitrary  scale.  The  memoir  contains  also  a  complete  table  of  the  wave  lengths  of  all 
the  lines  of  the  elements  examined. 

METALLIC  REFLECTION.  Common  light  reflected  from  metallic  surfaces  becomes 
polarised  elUptically,  provided  a  sufficient  number  of  reflections  take  place.  If  plane  polarised 
Ugfat  is  used  it  becomes  elliptic  by  a  single  reflection  from  a  metallic  surface  at  an  angle  differ- 
ing with  each  metal    Sir  David  Brewster  gives  the  following  list  {OpHct,  p.  230) : — 


Name  of  MetsL                 Angle  of  Maxlmuin  1 

Name  of  MetsL 

An^e  of  Maxiiinmi 

PolarliatioiL 

Grain  Tin, 

7f  30^ 

Steel, 

• 

.      75'    0' 

Mercury,  .... 

78  27 

Bismuth,   . 

. 

.      74   50 

Cralena^      .... 

.     78   10 

Pure  Silver, 

• 

.      73     0 

Iron  Pyrites,     . 

.      77   30 

Zinc, 

• 

.      72   30 

Gray  Cobalt,      . 

>      76   56 

Tin  Plate  (hammered), 

.      70   50 

Speculum  Metal, 

76     0 

Jewellers'  Grold, 

• 

•      70  45 

Antimony  ^melted),    • 

.     75   ^S 

METALLIO  THERMOMETER.  The  best  known  of  these  instruments  was  invented  by 
Abraham  Breguet,  and  is  based  on  the  unequal  expansion  of  different  metals  for  the  same  in- 
crement of  heat.  Three  thin  strips  respectively  of  silver,  gold,  and  platinum  are  soldered  to- 
gether, and  coiled  into  a  spiral,  so  that  the  silver  forms  tiie  interior  surface,  and  the  platinum 
the  exterior.  One  end  of  the  spiral  is  fixed,  and  a  needle,  which  moves  roimd  a  graduated  arc, 
is  attached  to  the  other  end.  Now,  silver  being  the  most  expansible  metal  of  the  three,  causes 
the  spiral,  when  it  is  heated,  to  unwind  itself,  and  this  motion  is  registered  by  the  index  ;  simi- 
larly, when  the  temperature  sinks,  the  spiral  contracts  and  the  index  moves  in  the  contrary 
direction.  The  strip  of  gold  is  placed  between  the  platinum  and  silver,  so  as  to  lessen  their 
mutual  effect,  as  if  two  metals  of  such  different  expansibilities  as  silver  and  platinum  were 
placed  in  contact,  it  is  probable  that  the  strain  would  produce  rupture.  This  instrument,  which 
is  usually  called  Breguet*8  Hdix,  is  graduated  by  means  of  an  ordinary  mercurial  thermometer. 
Metallic  thermometers  are  sometimes  formed  of  a  compound  band  of  steel  and  brassy  which 
gives  motion  to  an  index  by  means  of  levers.  In  the  meteorograph  of  Father  Seochi  the  tem- 
perature is  indicated  by  the  expansion  of  a  brass  wire  seventeen  metres  in  length,  the  motioii 
being  conveyed  and  multiplied  by  a  system  of  levers.     (See  also  Exjpansiaii.) 

METALLOIDS.     See  Metals  and  Non-MOals. 

METALS  AND  NON-METALS.  The  elements  are  broadly  divided  mto  two  classes, 
metals  and  non-metals,  which  merge,  by  almost  insensiUe  gradations,  one  into  the  other  ;  so 
that  it  is  impossible  to  give  any  definition  of  a  metal  wMch  will  not,  in  some  way,  either 
include  substances  decidedly  non-metallic  or  exclude  some  metallic  bodies.  A  metal  is  usually 
supposed  to  be  heavy,  solid,  opaque,  malleable,  ductile,  tenacious  ;  to  possess  good  oonducting 
power  for  heat  and  electricity  ,*  and  to  have  a  peculiar  lustre,  known  as  the  metallic  lustre.  But 
very  few  metals  possess  aU  these  properties,  whilst  some  bodies,  whidb  are  decidedly  non- 
metallic,  possess  many  of  them.     TLoa,  m  &r  as  density  is  oonoemed,  the  alkali  metals  tsn 
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lighter  than  water.  Mercfuv  is  only  solid  at  a  very  low  temperatare.  Opacity  is  prohahly 
dependent  only  on  mass,  as  Faraday  has  prepared  films  of  g^ld,  platinnm,  and  other  metals  so 
thhi  as  to  be  almost  as  transparent  as  glass.  Malleability  is  by  no  means  a  general  property, 
and  is  especially  absent  in  those  metals  which  are  approaching  the  non-metallic  group  in  chemical 
properties,  such  as  antimony,  arsenic,  and  Usmuth.  Mimy  metals,  such  m  lead  and  tin,  have 
the  properties  of  ductility  and  tenacity  in  a  very  inferior  degree,  whilst  in  antimony,  arsenic^ 
and  bismuth  they  are  entirely  absent.  The  conducting  power  for  heat  and  electricity  Taries 
through  a  very  wide  range,  and  is  possessed  by  some  forms  of .  carbon  in  a  much  higher  d^ree 
than  it  is  by  certain  metals.  All  metals  possess  the  metallic  lustre,  bat  this  is  also  shared  by 
some  forms  of  carbon,  by  iodine,  frozen  bromine,  selenium,  and  tellurium,  which  latter  is,  how- 
ever, one  of  the  conducting  links  between  metals  and  non-metals.  The  basic  properties  of  many 
metallic  oxides  is  strongly  marked,  but  in  others,  such  as  gold,  tungsten,  molybdenum,  it  is 
very  faint,  whilst  in  arsenic  and  tellurium  it  is  absent,  and  their  oxides  possess  powerfully 
add  characters.  The  fusibility  of  metals  is  almost  univeisal,  although  the  limits  are  the  widest 
oonoeivable,  ranging  between  a  temperature  much  below  zero  to  the  highest  artificial  tempera- 
ture producible.  In  the  case  of  osmium,  which  has  never  yet  been  liquefied,  it  is  probable  that 
a  higher  temperature  would  have  the  desired  effect.  Arsenic,  however,  volatilises  before 
liauefying,  passing  direct  from  the  solid  to  the  gaseous  state.  iVom  the  above  it  is  seen  that^ 
whilst  there  can  be  no  doubt  whatever  about  the  position  occupied  by  well-defined  metals,  such 
as  iron,  copper,  silver,  thidlium,  lead,  ftc,  and  the  non-metallic  character  of  sulphur,  nitrogen, 
and  chlorine,  when  we  take  some  of  the  intennediate  bodies  we  find  their  properties  verge  one 
into  the  other  in  such  a  manner  that  it  is  impossible  to  draw  a  sharp  line  of  distinction  between 
metallic  and  non-metallic  bodies.  The  following  table  gives  the  metallic  elements  at  present 
known.    For  their  principal  chemical  and  physioad  properties,  see  ElemenU, 


Alnmininip. 

Copper. 

Antimony. 

Didymram. 

Arsenic  (considered 

Erbium. 

by  some  to  be  a 

Glucinum. 

non-metal.) 

Gold. 

Barium. 

Indium. 

Bismuth. 

Iridium. 

Cadmium. 

Iron. 

CiBsium« 

Lanthanum. 

Calcium. 

Lead. 

Cerium. 

Lithium. 

Chromium. 

Magnesium. 

Cobalt. 

Manganese. 

Columbium. 

Mercury. 

Molybdennm. 

NickeL 

Osmium  (considered 

by  some  to  be  a 

non-metaL) 
Palladium. 
Platinum. 
Potassium. 
Rhodium. 
Bubidium. 
Buthenium. 
Silver. 
Sodium. 
Strontium. 


Tantalum. 

Tellurium  (con- 
sideredbysometo 
be  a  non-metal.) 

Thallinm. 

Thorium. 

Tin. 

Titanium. 

Tungsten. 

Uranium. 

Vanadium. 

Yttrium. 

Zina 

Zirconium. 


Metals  seldom  occur  native,  being  generally  met  with  in  combination  with  oxygen,  or  sulphur, 
Ac.  Metals  unite  with  one  anoUier,  forming  what  are  called  alloys  (whidi  see).  (See  also 
BUmtntt,  Table  of.) 

METALS,  COLOUBS  OF.  The  colours  of  metals  as  seen  in  the  ordinaiy  manner  by 
reflected  light  may  be  considerably  intensified,  and  in  some  cases  entirely  altered  hy  repeated 
reflection.  Thus,  after  being  reflected  ten  times  from  polished  surfaces  of  tiie  same  metal  the 
colours  are  as  foUows : — 


Silver, 

Zinc, 

Iron, 


Scarlet 

Bed. 

Pure  Yellow. 

Indigo  Blue. 

Violet 


When  a  film  of  metal  is  sufBdentiy  thin  to  traiismit  light  the  colour  transmitted  is  generally 
complementary  to  that  which  is  reflected.  This,  however,  does  not  always  hold  good,  for  light 
passmg  through  gold-leaf  is  green.  When,  however,  the  gold  is  in  a  finer  state  of  division,  such 
as  may  be  obtained  by  predpitation,  the  colour  is  purple,  whidi  is  complementary  to  the  usual 
yellow  colour  of  gold.    (See  Colaurt  of  Bodiet.) 

METALS,  OPTICAL  PROPEBTIES  OF.  From  an  elaborate  investigation  published  bgr 
G.  Quincke  (Pogg,  Ann,,  voL  cxix.,  part  3),  we  condense  the  following  results.  Plates  of  gold, 
silver,  and  platinum  are  employed,  so  thm  as  to  be  transparent,  and  these  are  examined  in  the 
same  way  as  other  transparent  bodies.    When  light  falls  upon  a  thidc  plate  of  metal  it  pene- 
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trfttes  to  a  depth  which  u  abont  aa  great  as  the  leng^  of  an  undulation,  the  so^^ed  metallic 
hutre  being  produced  by  the  conjoint  action  of  the  exteriorly  and  interiorly  reflected  or  die^raed 
light.  The  velocity  of  light  through  metals  is  one  of  the  subjects  studied  by  the  author,  and  he 
has  obtained,  in  the  course  of  this  investigation,  the  remarkable  result  that  light  travels  faster 
through  gold  and  silver  than  through  a  vacuum.  But  Faraday  has  shown  that  silver  and  gold 
films  occur  in  different  modifications,  and  M.  Quincke  finds  that  gold  and  silver  metallic  plates, 
through  which  light  passes  with  a  greater  velocity  than  through  air,  may  become  spontaneously 
altered  by  simple  standing,  so  as  to  transmit  light  with  less  velocity  than  it  is  transmitted  by 
air.  In  the  case  of  platinum  it  was  always  found  that  the  light  passed  through  with  less  velocity 
than  through  air.  The  ordinary  polished  silver  and  gold  possess  the  same  character  as  that 
modification  of  these  metals  which  transmits  light  wiUi  the  greater  velocity.  Their  refracting 
indices  are  therefore  less  than  unity. 

METALS,  SPEOTJEIA  OF.    See  Coloured  FlatncB. 

METASTANNIC  ACID.    (See  Tin,  JBinoxide.) 

METEORIC  IRON.  Iron  is  a  frequent  constituent  of  meteorites,  sometimes  constituting 
upwards  of  90  per  cent,  of  them.  The  other  constituents  which  have  been  detected  in  masses 
of  meteoric  iron,  are  nickel,  cobalt,  copper,  manganese,  chromium,  tio,  magnesium,  arsenic, 
lithium,  sulphur,  carbon,  and  chlorine,  the  nickel  being  usually  present  in  the  laigest  quantity 
next  to  the  iron. 

METEORIC  SPECTRA.  Mr.  Alexander  Herschel  has  succeeded  in  observing  the  spectra 
of  meteors ;  he  finds  them  to  vaiy  much  in  appearance,  some  giving  continuous  spectra,  others 
blight  lines.    Sodium  is  a  frequent  constituent,  sometimes,  indeed,  almost  the  only  one  visible. 

METEOR.  ifJi^a,  in  the  midst  of ;  iiJjpa,  suspension  in  the  air ;  fteriapos,  that  which  is  in 
mid-air. )  A  name  originally  given  to  any  phenomenon  taking  place  in  the  atmosphere,  whether 
really  aerial,  optical,  or  otherwise.  Its  use  is  now  beginning  to  be  almost  entirely  limited  to 
luminous  meteors.    (See  Meleorty  Luminous.) 

METEOROLOGY.  {fUTe<apo\cryla.)  The  science  which  treats  of  atmospheric  phenomena. 
The  term  originally  included  the  study  of  all  appearances  in  the  heavens,  whether  atmospherical 
or  astronomical ;  but  it  is  now  applied  only  to  the  science  which  treats  of  the  phenomena  of 
weather  and  cliinate. 

Meteorology  must  doubtless  have  been  studied  in  very  early  ages.  In  ancient  times,  men 
spent  so  large  a  portion  of  their  time  in  the  open-air,  and  in  pastoral  or  agricultural  pursuits, 
that  they  must  early  have  begun  to  pay  attention  to  those  signs  which  indicate  change  of 
weather.  We  find  accordingly,  side  by  side  with  astronomical  speculations,  collections  of 
weather  portents,  forming  part  of  the  very  earliest  works  which  have  been  bandied  down  to  our 
time.  Such  lore  as  this  appears  in  the  Works  and  Days  of  Hesiod,  and  in  the  Diosemeia  of 
Aratus.  Later,  Aristotle  collected  the  popular  weather  portents  in  his  work  on  meteors. 
Theophrastus,  Virgil,  Cicero,  Lucretius,  and  others  have  presented  more  or  less  fully  the 
weather  wisdom  of  the  ancients. 

The  more  exact  and  systematic  inquiries  of  modem  times  may  be  sud  to  have  b^un  with 
the  invention  of  the  barometer  by  Torricelli  in  1643,  though  the  air-thermometer  had  been 
invented  half-a-centuiy  before  that  date  by  Sanctorio  of  Padua.  Fahrenheit's  improvement  in 
the  thermometer  in  1 7 14,  and  the  invention  of  the  hygrometer  (first  used,  though  in  a  very  im- 
perfect form  by  Saussure)  led  to  the  farther  advance  of  the  science,  by  placing  at  the  diq)osal 
of  men  of  sdenoe  the  means  of  measuring  the  heat  and  moisture  of  tiie  earth's  variable  enve- 
lope. 

The  histoiy  of  meteorological  research  records  the  interpretation  of  the  trade-winds  by  Hadley 
in  1735,  Dalton's  investigation  of  the  aqueous  phenomena  of  the  air  half-a-century  later,  the 
work  of  Daniell  in  the  beginning  of  the  present  century,  and  so  to  the  labours  of  Humboldt, 
Dov^,  Eaemtz,  Tyndall,  and  a  host  of  eminent  men  in  tne  present  day. 

The  various  branches  of  meteorological  inquiry  will  be  found  dealt  with  under  the  heads 
Atmosphere,  Climate,  Clouds,  Wind,  Rain,  &a 

METEORS,  LUMINOUS.  We  propose  to  include  under  this  head  the  consideration  of  all 
those  objects,  as  shooting-stars,  fireballs,  asteroids,  &c.,  which  are  now  known  to  be  visitants 
from  the  interplanetary  spaces. 

From  the  earliest  ages  men  have  recognised  the  fact  that  in  the  upper  regions  of  air  lumi- 
nous objects  resembling  stars  make  their  appearance,  sweep  athwart  the  heavens,  and  then 
vanish  from  view  ;  that  other  objects,  apparently  larger,  make  their  appearance  in  the  same 
way,  but  seem  during  their  progress  tiirough  the  air  to  undergo  a  process  of  disturbance  (some- 
times following  contorted  paths,  and  exhibiting  a  train  of  light  and  smoke,  at  others  dividing  into 
two  or  moro  separate  masses,  at  others  bursting  with  loud  explosion  into  fragments) ;  and,  that 
other  bodies  (see  Asteroids)  actually  reach  the  surface  of  the  earth,  their  substance  exhibiting 
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trwces  of  the  action  of  violent  heat  to  which  these  bodies  haye  been  subjected  during  their  pro* 
gress  through  the  air.  It  has  farther  been  long  known  that  these  objects  pass  through  our 
atmosphere  during  the  day-time  also,  though  not  then  conmionly  visible  by  their  lights  but  as 
suddenly-appearing  smoke  clouds.  Finally,  it  has  been  long  known  that  at  tunes  shooting^stars 
appear  in  great  showers. 

Without  pretending  to  ^ve  a  history  of  the  progress  of  earlier  research  into  the  nature  of 
these  strange  appearances,  we  shall  now  detail  the  observations  which  have  been  made  in  recent 
times,  and  show  how  they  lead  us  to  the  true  theory  of  these  objects. 

The  first  observation  which  bears  importantly  on  the  views  we  are  to  form  respecting  meteors, 
is  the  discovery  of  the  fact  that  on  certain  days  of  the  year,  shooting-stars  fall  either  in  showers 
or  in  greater  number  than  usual ;  a  similar  tendency  is  observed  in  the  case  of  fire-balls,  though 
no  absolute  shower  of  these  objects  has  ever  been  observed.  Aerolites,  too,  have  been  found  to 
fall  more  frequently  on  some  days  of  the  year  than  on  others. 

Now  the  occurrence  of  a  phenomenon  of  this  sort  on  particular  days  of  the  year  is  full  of 
significance.  We  cannot  for  a  moment  suppose  that  certain  days  in  the  year  are  more  favour- 
able than  others  for  the  occurrence  of  purely  atmospheric  phenomena ;  so  that  we  are  com- 
pelled  to  abandon  the  theory  that  shooting-stars  indicate  (as  some  of  the  ancients  supposed)  the 
action  of  electric  or  other  processes  in  the  air.  Agidn  we  are  forced  to  reject  the  theory  that 
the  moon  ia  the  source  whence  these  objects  reach  our  atmosphere:  for,  were  this  the  case,  the 
month  and  not  the  year  would  measure  their  periodic  recurrence.  So  that  we  need  not  consider 
the  elaborate  researches  by  which  such  astronomers  as  Laplace  and  Olbers  have  exhibited  the 
possibility  that  lunar  volcanoes  might  project  masses  within  the  sphere  of  our  earth's  attraction. 
In  like  manner  we  can  at  once  dinmss  the  theory  that  these  bodies  have  been  projected  from 
terrestrial  volcanoes,  since  we  know  quite  certainly  that  volcanic  action  is  not  restricted  to 
particular  days  of  the  year,  or  in  fact  in  any  way  associated  with  the  earth's  position  in 
her  orbit. 

We  see  at  once  that  what  we  require  is  a  theory  which  shall  account  for  the  fact  that  when 
the  earth  comes  to  eertatn  points  of  her  orbitf  the  phenomena  of  shooting-stars,  &c.  are  to  be 
looked  for.  Those  points  of  her  orbit  are  definite  regions  of  the  solar  system  ;  and  we  thus 
learn  that  certain  regions  of  the  solar  system  are  to  be  regarded  as  in  a  sense  tenanted  by  the 
objects,  whatever  they  may  be,  which  produce  meteoric  disj^ys.  But  we  know  quite  certainly 
that  no  objects  retain  a  fixed  position  in  the  solar  system — except  the  sun  himself.  An  object 
placed  at  rest,  where  the  earth  is  when  meteoric  displays  axe  seen,  would  fall  directly  towards 
the  sun.  These  objects  then  are  in  motion  ;  and  as  their  motion  must  be  rapid,  and  would 
therefore  carry  them  away  from  the  place  where  the  earth  encounters  them,  it  follows  (if  we 
are  to  account  for  successive  displays  of  star  showers)  that  there  must  be  a  succession  of  these 
objects  all  passing  athwart  the  earth's  orbit. 

In  other  words,  it  has  thus  far  been  proved  that  the  phenomena  of  shooting-stars,  fireballs^ 
aerolites,  &c.,  are  due  to  the  existence  of  bodies  travelling  in  extensive  orbits  around  the  sun, 
and  that  the  recurrence  of  periodic  displays  are  due  to  the  existence  of  streams  or  systems  of 
bodies  so  travelling. 

But  now  a  new  fact  was  to  point  to  a  mode  of  learning  what  might  be  the  orbits  of  these 
objects.  It  was  found  that  when  shooting-stars  belonging  to  a  periodic  system  make  their 
appearance,  their  course  is  always  directed  from  a  fixed  point  on  the  celestial  sphere.  It  is 
obvious  that  this  fact  in  itself  suffices  to  prove  that  the  meteors  come  from  interplanetary  space, 
for  on  no  other  hypothesis  can  we  account  for  the  fact  that  the  meteoric  paths  have  a  vanishing 
point  not  referable  to  the  earth  but  to  the  stars.  In  a  heavy  shower  of  rain,  falling  continuously 
in  any  direction,  we  should  find  that  the  course  of  every  drop  tended  from  a  vanishing  point 
having  a  certain  altitude  and  bearing ;  and  so  long  as  the  direction  of  the  wind  remained 
imaltered,  this  vanishing  point  would  remain  unchanged  in  position.  But  the  vanishing  point 
of  a  meteoric  display  rises  and  sets  with  the  stars.  We  learn  farther  from  this  fact,  that  the 
course  of  the  meteors  has  not  been  much  iafluenoed  by  the  earth's  attraction.  For,  clearly,  if 
a  flight  of  meteors  were  sailing  slowly  past  the  earth,  and  she,  by  her  attraction,  brought  a 
number  of  them  to  her  surface,  the  paths  of  these  would  show  no  traces  of  the  original  direction 
of  the  cluster's  motion.  It  is  obvious,  therefore,  that  the  shooting-stars  must  be  travelling  with 
planetary  velocity,  so  that  any  velocity  the  earth  can  impart  by  her  attraction  is  relatively 
insignificant 

But  then,  the  direction  in  which  the  meteors  reach  the  earth  being  known,  we  have  the 
means  of  determining  the  actuiJ  direction  with  which  they  were  trav^ng  through  space,  if 
only  we  can  determine  the  velocity  with  which  they  traverse  our  atmos^ere.  It  ii  obvious 
that  if  we  do  not  know  what  proportion  their  actual  velocity  bears  to  the  velocity  with  which 
tbo  earth  is  moving  in  her  orbiti  we  cannot  eliminate  the  effects  of  this  last-mentioned  velodty 
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80  as  to  detennine  the  oatBtanding  velocity  belonging  to  the  motion  of  the  meteors  round 
thesmi. 

Here  observation  at  first  failed ;  direct  solntion  of  the  problem,  indeed,  was  not  to  be  hoped 
for.  Shooting  stara  and  fireballs  appear  so  suddenly,  and  move  so  swiftly,  that  the  most 
experienced  observer  cannot  hope  to  time  them  exactly;  and  nothing  but  the  most  exact 
timing  by  two  experienced  observers  separated  by  a  considerable  distance,  (many  miles  at  the 
least),  combined  with  a  true  record  of  the  path  of  the  shooting  star,  from  its  appearance  to  its 
disappearance,  could  give  the  means  of  determining  the  real  velocity  with  which  these  objects 
move. 

So  far  as  the  height  of  appearance  and  disappearance  was  concerned,  there  was  less  difficulty ; 
and  it  would  seem  to  have  heen  satisfactorily  established  by  the  researches  of  the  Padre  Seodii 
at  Rome,  Professor  Newton  in  America,  and  Professor  Alexander  Herschel  in  England,  that 
shooting  stars  appear  at  an  average  height  of  about  72  nules,  and  disappear  at  an  average 
height  of  about  53  miles.  Fireballs  also  have  been  obaBrved  even  more  satisfactorily,  so  that 
in  a  few  oases  we  have  some  means  of  forming  an  opinion  of  the  velocity  with  which  tiiey  move. 
Thus  a  remarkable  meteor  appeared  on  April  29,  which  was  observed  by  two  practised  observers, 
Messrs.  Baxendell  and  Wood,  at  Liverpool  and  Weston-super-Mare  respectively  ;  and  from  a 
careful  comparison  of  their  observations,  Professor  Herschel  was  able  to  show  that  this  object 
wpeared  at  a  height  of  52  miles  vertically  over  Lichfield,  travelled  in  a  southerly  direction  at 
the  rate  of  about  20  miles  per  second,  and  disappeared  when  over  Oxford  at  a  height  of  37 
miles,  having  traversed  a  course  of  about  75  miles.  But  even  in  this  instance  doubi  rests  on 
the  estimated  velocity,  and  in  the  great  majority  of  cases  no  reliance  whatever  can  be  placed  on 
tiie  calculations  by  which  astronomers  have  sought  to  determine  the  velocity  of  meteoric 
motion  by  direct  observation. 

But  it  was  of  such  extreme  importance  that  in  some  way  or  other  the  nature  of  the  orbital 
motions  of  these  meteors  should  be  determined,  that  astronomers  set  themselves  to  inquire 
whether  other  ways  of  resolving  the  problem  might  not  be  found. 

We  have  spoken  of  periodic  displays  of  shooti^;^«tars.  There  are  two  of  these  shooting-star 
periods  which  are  so  well  marked  that  astronomers  have  given  special  attention  to  their  pecu- 
liarities. One  is  that  which  produces  the  well-lmown  star  showers  of  August  9-10,  called  of 
old  the  Tears  of  St.  Laurence,  the  other  is  that  to  which  we  owe  the  remarkable  displays  of 
shooting  stars  oocuning  on  or  about  November  13-14. 

The  November  star-showers  exhibit  a  well-marked  periodicity  of  splendour.  Three  times  in 
a  century  we  have  for  a  year,  or  two,  three,  or  sometimes  even  four  years  in  succession,  showers 
of  unusual  magnificence.  The  cycle,  then,  within  which  these  maxima  recur  is  about  33  years 
in  length.  Now,  it  was  dear  that  this  cycle  must  in  some  way  be  associated  with  the  period  of 
revolution  of  these  November  meteors.  But  at  first  astronomers  could  not  believe  that  so  long 
a  cycle  as  33  years  can  be  the  actual  period  of  the  November  system ;  for  with  such  a  period  it 
was  easily  calculable  that  the  aphelion  of  their  orbit  must  be  beyond  the  orbit  of  the  planet 
Uranas.  There  were  other  ways  of  accounting  for  the  cycle  of  33  years,  without  adopting  so 
startling  a  theory  as  this.  A  peculiarity  of  the  November  showers  had  to  be  accounted  for^ 
however,  which  seemed  to  promise  to  throw  new  light  on  this  questi(m.  The  shower  occurs 
later  and  later  year  by  year,  and  alter  taking  into  account  the  eflfect  of  precession,  it  was  found 
that  there  is  a  real  advance  of  the  node  of  the  meteor  system  on  the  ecliptic.  But  astronomers 
know  how  to  calculate  the  motion  of  the  node  of  a  body  circling  in  a  given  orbit  c^ut  the 
sun.  It  remained,  then,  to  try  different  periods.  Given  the  period  of  the  system,  the  v^odtj 
with  which  the  meteors  cross  the  earth's  orbit  could  be  at  once  determined ;  then,  (the  radiant 
being  known),  the  actual  directi<«  in  which  they  cross  that  orbit,  and  so  the  actual  position  and 
shape  of  their  own  orbit  could  be  determined.  Prcrfessor  Adams  applied  his  great  powers  to 
calculate  the  nodal  motion  of  the  November  system  on  a  variety  of  assumptions  as  to  its  period, 
all  the  assumptions,  however,  being  adopted  so  as  to  explain  the  33  year  period  already  men- 
tioned. One  orbital  period  aiter  another  failed,  until  the  period  of  33  years  was  alone  left 
untried.  There  were  difficulties  in  treating  the  orbit  corresponding  Co  this  period,  on  account 
of  its  great  eccentricity.  However,  Adams  applied  a  method  invented  at  the  beginning  of  the 
present  century  by  Graoas  to  the  solution  of  this  difficult  problem.  He  found  tiiat,  on  the 
assumption  of  a  period  of  33  J  years,  the  motion  of  the  node  is  fully  accounted  for  by  the  attrao- 
tions  of  the  planets  Uranus,  Jupiter,  and  Saturn.  Thus,  no  doubt  remained  that  this  period^ 
so  long  (and  with  reason)  rejected  by  astronomers  on  account  of  the  enormous  extent  of  .the 
orbit  it  gives  the  meteors,  is  the  true  period  of  the  meteor  system. 

But,  in  the  meantime,  a  startling  discovery  had  been  made.  Schiaparelli  had  been  led  to 
inquire  whether  the  coincidence  that  the  comet  of  1862  crossed  the  earth's  orbit  precisely  where 
we  encounter  the  August  meteors,  is  accidental  or  not.    It  is  evident  that  the  August  meteoia 
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might  cross  the  earth's  path  at  this  particular  point  in  a  myriad  different  directions.  Only  one. 
would  coincide  with  the  comet's  track.  Now,  Schiaparelli  found  that,  assuming  only  a  oonsider- 
able  eccentricity  in  the  path  of  the  meteors,  that  path  actually  coincides  with  the  path  of  the 
comet.  The  nature  of  the  correspondence  will  be  seen  from  the  two  following  tables,  the  for- 
mer giving  the  best  estimates  of  the  comet's  path,  the  latter  giving  the  orbit  of  the  August 
meteors  on  the  assumption  that  the  ecoentricity  has  the  same  yalue  as  that  of  the  comet's 
path: — 

Large  Auffut  Metoon, 

Ckimet  of  1862,  (Schiaparelll's 

(Oomet  III.  1863.)  Elements.) 

Longitude  of  perihelion,         .  .  344''  41'  343''  s^ 

Longitude  of  ascending  node,  •  137  27  ^3^   ^^ 

Indmation,    .  .  •  •  66  25  64     3 

Perihelion  distance,    .  .  .  0*9626  0*9643 

Period,  .  .  .  ,  12374  

Motion,  ....         Betrograde.  Betrograde. 

The  agreement  is  far  too  striking  to  be  accidental.  Eveiy  astronomer,  in  fact,  who  studied 
the  evidence  attentively  came  to  the  conclusion  that  there  was  some  association  (though  what 
its  nature  might  be  was  unknown)  between  the  August  meteors  and  the  bright  oomet  of  1862.) 
But  it  was  felt  that  the  evi4ence  woxdd  be  complete  if,  now  that  an  exact  orbit  was  found 
for  the  November  meteors,  a  comet  could  be  shown  to  be  associated  with  them  also.  By  a 
strange  accident,  the  proper  comet  had  been  detected  by  telescopists  (it  was  far  too  small  to  be 
visible  to  the  naked  eye)  only  a  few  months  before  Adams  completed  his  labours.  Peters  and 
Schiaparelli  independently  discovered  that  Tempel's  comet  (Comet  I.  1866)  had  elements  which 
may  be  regarded  as  absolutely  identical  with  those  of  the  November  meteors.  The  following 
tables  show  this : — 

Novsmber  Heteon.  Tempers  Ciomei 

Perihelion  distance,         •  •  0*9893  09765 

Ecoentricity,         .  ,  •  0*9033  09054 

Semi-axis  major,  .  •  10*340  10*324 

Inclination,  .  ,  .  i8'   3'  17'  18*1' 

Longitude  of  descending  node,    .  51  29  51   26*1 

Period,     ....  33'-25  33'«76 

Motion,    ....        Retrograde.  Betrograde. 

Considering  that  astronomers  had  determined  the  principal  features  of  the  orbit  of  the 
November  meteors  from  the  estimated  position  of  the  radiant  point  whence  the  shooting  stars 
seemed  to  proceed  on  the  night  of  November  13-14,  1866,  the  coincidence  cannot  but  be 
regarded  as  simply  complete. 

Now,  what  the  nature  of  the  association  between  comets  and  meteors  may  be,  it  would  be  at 
present  idle  to  inquire.  We  are  still  so  completely  in  the  dark  as  to  the  nature  of  comets,  and 
further,  we  know  so  little  as  to  the  condition  of  meteors  as  they  traverse  interplanetary  space, 
that  it  would  be  fruitless  to  endeavour  to  show  how  it  happens  that  bodies  which  seem  to  be 
like  the  lightest  vapours,  should  be  followed  by  bodies  which  would  appear  to  traverse  space  as 
discrete  masses  of  considerable  density. 

But  apart  from  all  speculations  on  these  points  there  are  some  results  which  seem  so  clearly 
deducible  from  what  has  been  learnt  respecting  meteors  that  we  do  not  hesitate  to  present  them 
as  a  legitimate  sequel  to  the  account  above  rendered. 

Knowing  now  that  meteors  travel  in  orbits  as  eccentric  as  the  oometio  orbits,  we  have  every 
reason  to  regard  the  fact  that  the  earth  encounters  no  less  than  56  meteor  systems,  (as  Professor 
Herschel  savs ;  but  Professor  Heis  says  she  encounters  more  than  100),  as  affording  positive 
proof  that  the  total  number  of  these  systems  must  be  counted  by  millions  on  millions. 

Again,  we  know  that  though  some  of  these  systems  consist  of  bodies  like  those  forming  the 
November  system,  that  is,  of  bodies  scarcely  exceeding  a  few  ounces  in  weight,  yet  the  com- 
ponents of  some  meteoric  systems  are  bodies  of  considerable  mass. 

Yet  further,  the  existence  of  countless  millions  of  these  systems  within  the  planetary  schema 
leads  to  the  conclusion  that  in  the  sun's  neighbourhood  meteoric  masses  must  oe  distributed  in 
amazing  profusion.  For  an  eccentric  meteor  system  is  a  sort  of  radial  appendage  of  the  solar 
system  ;  and  the  existence  of  a  series  of  radial  appendages  around  the  sun  mvolves  the  necessity 
of  a  relative  crowding  of  matter  in  his  neighbourhood. 

It  seems  to  follow  then,  most  conclusively,  that  thero  must  exiBt  all  round  the  sun  such 
streams  and  crowding  systems  of  meteors  as  oould  scarcely  fail  to  be  rendered  visible  under 


MET  878  MET 

favourable  circumstances,  iUuminated  aa  they  would  be  by  the  splendour  of  the  sun  whose  orb 
is  relatively  so  near  to  them. 

There  seems  good  reason  for  believing  that  in  the  zodiacal  light  we  do  actually  see  this  con- 
geries of  meteoric  systems,  or  at  least  its  outlying  parts ;  while  the  solar  corona  presents 
precisely  such  an  appearance  as  we  should  expect  that  system  of  systems  to  present  in  the 
immediate  neighbourhood  of  the  great  centre  about  which  each  system  is  revolving. 

If  the  zodiacal  light  and  the  solar  corona  be  thus  explained,  (and  we  can  see  no  escape  from 
the  conclusion  that  this  is  the  true  explanation),  modem  researches  into  the  theory  of  luminous 
meteors  may  not  unfairly  be  said  to  have  thrown  a  most  important  light  on  the  whole  economy 
of  the  solar  system. 

METONIC  CYCLE.    See  Oydt, 

METRE,     (/i^rpo^',  measure.)    The  French  unit  of  length.    {^  Meiric  SytUm.) 

METRIC  SYSTEM.  The  system  of  weights  and  measures  first  adopted  in  France,  but 
now  gradually  coming  into  use  in  other  countries.  We  propose  to  describe  under  this  head  the 
present  English  and  French  systems  of  weights  and  measures,  and  to  exhibit  the  relations 
between  the  two.  Until  the  metric  system  or  some  modification  has  been  adopted  in  England 
it  is  absolutely  necessary  that  the  student  of  science  in  this  country  should  have  the  means  of 
readily  translating  weights  and  measures  from  one  system  to  the  oUier. 

The  first  point  to  be  considered  is  the  actual  basis  of  each  system,  the  standard  to  which  eadi 
is  primarily  referable. 

The  fundamental  unit  of  English  measurement  is  the  yard.  It  is  detennined  by  reference  to 
the  length  of  a  pendulum  vibrating  seconds  of  mean  time  in  vacuum  in  the  latitude  of  London, 
at  the  sea-level.  This  length  is  to  be  divided  into  3913929  parts,  and  the  yard  is  to  contain 
3600000  such  parts.  The  yard  is  divided  into  36  inches,  so  that  the  pendulum  beating  seconds 
in  the  latitude  of  London  contains  39*13929  inches.  (I^perly  speaking  the  inch  is  more  justly 
to  be  regarded  as  the  unit  of  length  than  the  yard.) 

The  English  units  of  capacity  and  weight  are  derived  directly  from  the  unit  of  length.  The 
tiandard  gallon  contains  277*274  cubic  inches,  and  the  pound  avoirdupois  is  the  tenth  part  of 
such  a  gallon  of  distilled  water  at  the  temperature  of  62°  Fahrenheit  when  the  barometer  stands 
at  thirty  inches,  the  water  being  weighed  at  tiie  searleveL  The  pound  weight  is  divided  into 
7000  grains. 

The  measurement  of  surface  is  too  closely  associated  with  that  of  length  to  need  special 
notice.  But  to  the  above  units  we  may  add  the  unit  of  land  measurement,  the  acre,  containing 
4840  square  yards. 

In  the  French  system  the  fundamental  unit  ia  the  Tnitre^  which  is  determined  by  reference  to 
the  length  of  a  meridional  circle.  It  is  the  ten-millionth  part  of  the  quadrant  of  the  meridian 
of  Paris.  The  length  of  a  m^tre  in  English  inches  is  39*3707898,  or  nearly  a  quarter  of  an  inch 
more  than  the  length  of  a  pendulum  vibrating  seconds  in  the  latitude  of  London. 

The  French  unit  of  surface  is  the  are  of  100  square  mbtres. 

The  unit  of  opacity  is  the  litrff  the  loooth  part  of  a  cubit  mbtre. 

The  unit  of  weight  is  the  gramme,  the  weight  of  the  1 0,000th  part  of  a  cubic  m^tre  of  water 
at  its  maximum  density.  (The  kilogramme,  or  the  weight  of  a  litre  of  such  water,  is,  however, 
commonly  employed  as  more  convenient.) 

The  value  of  these  units  does  not  depend,  however,  on  the  accuracy  with  which  the  various 
measurements  have  been  made  by  means  of  which  their  value  has  been  determined.  It  has, 
indeed,  been  shown  by  Sir  John  Herschel  that  there  is  probably  an  error  of  about  the  208th 
part  of  an  inch  (in  defect)  in  the  determination  of  the  French  m^tre,  while  Professor  Miller  of 
Cambridge  has  shown  that  the  weight  of  the  standard  kilogramme  is  less  than  that  of  a  cubic 
litre  of  water  at  its  maximum  density,  having  been  deduced  before  this  maximum  had  been 
accurately  determined. 

However  important  the  determination  of  the  true  length  of  a  meridional  arc  may  be  in  itself, 
(see  Earth,  Figure  of  the;  Latitude,  Degree  of;  &c.,)  or  whatever  interest  may  attach  to  the 
inquiry  into  the  true  maximum  density  of  water,  the  value  of  a  system  of  national  weights  and 
measures  is  in  no  sense  impaired  by  slight  differences  such  as  those  referred  to. 

The  essential  excellence  of  the  metric  system  is  derived  from  the  mode  of  multiplication  and 
subdivision  of  the  xmits  according  to  a  unHorm  decimal  notation. 

The  multiples  of  the  different  units  are  indicated  by  prefixing  Greek  names  of  numbers  to 
the  name  of  the  unit,  the  subdivisions  by  prefixing  Latin  names  of  numbers.  These  prefixes 
are  therefore  for  decimal  multiples,  dJcor,  Kecto-  (or  kect-),  hilo-,  and  myrio-,  and  for  decimal  sub- 
divisions they  are  d^ci-,  centi-,  and  milli-. 

Thus  for  linear  measurement  we  have  the  mUre ;  its  multiples,  the  dicam^re  (ten  metres), 
the  hectomHre  (one  hundred  metres),  the  kiUmUre  (one  thousand  metres),  and  the  myriomitre 
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ten  thousand  metres) ;  and  its  sub-divisions,  the  cUcimHre  (one  tenth  of  a  mbtre),  the  centimHre 
one  hundredth  of  a  mfetie),  and  the  mtUinUtre  (one  thousandth  of  a  mbtre).  (The  importance 
of  distinguishing  between  d/c(i-  and  <Uci-  will  be  noticed.) 

In  like  manner  for  weights,  we  have  the  gramme;  its  multiples,  the  dJcagramme  (ten 
grammes),  the  hecto-gramme  (one  hundred  grammes),  the  Inlogramme  (one  thousand  grammes), 
and  the  myriogramme  (ten  thousand  grammes) ;  and  its  subdivisions,  the  dicigramme  (one  tenth 
of  a  gramme),  the  centigramme  (one  hundredth  of  a  gramme),  and  the  milligramme  (one 
thousandth  of  a  gramme). 

It  will  be  seen  that  two  advantages  follow  from  this  plan.  In  the  first  place,  the  same 
prefixes  are  used  in  measures  of  length,  surface,  capacity,  and  weight,  so  that  when  known  for 
one  set  of  measures  they  are  known  for  all.  And  secondly,  a  decimal  system  of  multiplication 
and  division  being  used  throughout^  no  processes  resembling  compound  addition,  subtraction, 
multiplication,  and  division,  are  required  in  dealing  with  these  measures,  but  only  the  same 
simple  processes  which  are  employed  for  the  addition,  subtraction,  multiplication,  and  division  of 
abstract  numbers. 

For  the  conversion  of  metric  numbers  into  English  measures  we  give  the  following  tables, 
compiled  by  Mr.  Warren  De  La  Bue. 

I. — Length. 


In  English 

• 

In  English 

In  English 

In  English 

inches. 

feet. 

yards. 

miles. 

MflUmitre,      .       .       . 

0*03937 

0*0033809 

0*00x0936 

0*0000006 

Centimetre,     , 

o'3937X 

0*0338090 

0*0109363 

0*0000063 

IKidmfttre,      < 

393708 

0*3280899 

o'xo93633 

0*0000621 

Hitre,     . 

3937079 

3*2808993 

t  0936331 

0*00062x4 

I>6camitre, 

39370790 

32*8089920 

10*9363310 

0*0062138 

Hectometre,    , 

3937*07900 

3280899200 

109*3633100 

00621383 

KUomitre, 

3937079000 

32808992000 

1093*6331000 

0*6213824 

Myrlomitie,    . 

39370790000 

328089920000 

X0936  3310000 

6*2x38344 

X  inch  =  3*539954  centimetrea. 

1           I  yard 
1           X  mile 

=  0*9x438348  metre. 

X  foot »  3*0479449  decimetres. 

=  X '6093x49  kilometre. 

IL — Sdbfagb. 

In  English 
square  yards. 

In  English  square 
poles  =  30*35 
square  yards. 

In  English  square 
roods  =x2xo 
square  yards. 

In  English 
acres  =  4840 
square  yards. 

Centlare  or  square  mdtre. 
Are  or  xoo  square  metres. 
Hectare  or  xo,ooo       ti 

X-X960333 

1x9*6033360 

xx96o'3336o3o 

0*0395383 
39538290 

395^3828959 

0000988457 
0*098845724 
9884572398 

0*0002471x43 
0*02471143x0 
3*47x1430996 

X  square  inch  «  6-45x3669  square  centimetres.       1        x  square  yard  =»  0*83609715  square  metre. 
X  square  foot  =»  9*2899683  square  d^Gimetrea.         |        x  acre  =  o*40467xo3x  hectare. 

III.— Capacitt. 


In  Cnbie  Inches. 

In  Pints. 

InOalions. 

In  Boshela 

vniftiAsA 

0*06x037 

o'6xo37x 

6*103705 

6x  '037053 

6x0*3705x5 

6x03*705x53 

6x027*05x5x9 

6x0370*5x5194 

o'oox76x 
0*0x7608 
o*X76o77 
X  760773 

X7  "607734 
X7607734X 

1760*7734x4 
i76o7'734«40 

0*0000375x3 

O*O0O275X3X 

0*002751308 
0*037512085 
0*275120846 

3*75x208459 
37*512084594 

375 130845937 

CentilitrsL 
I>6ciUtre,        '.       . 
litre,       .       •       , 
D«caUt^^ 
Hectolitre, 
Kilolitre,        .       . 
MyrioUtre,      . 

O'00330O97 

0*03200967 

0*33009668 

9*30096677 

02*00966768 

930*09667675 

3300*96676750 

X  cuUo  inch  =  16-3B61 759  cnUo  oenUmetres.       |       x  cubic  foot  =  sS '3153XX9  cubic  decimetres. 

X  gallon  =  4*543457969  lltwa. 
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IV.— WmoHT. 


Tn  English 
Grains. 

•  In  Troy  Oa. 
=  480  Grainji. 

Tn  Avd.  Lbs. 
=  7000  Grains. 

InCwta. 
=  XX2  Lb*. 

0*0x5439 

0154383 
I  543235 

X5 '432349 

154*323488 

»543'23488o 

»5432 '348800 

154323 '488000 

0*000039 
0*000322 
0*003215 
0*032x51 
©•3ax507 
3*2x5073 
32*150727 
321*507267 

0  0000039 
0*0000220 
0*0002205 
0*0022046 
0*0990469 
0'990462X 
2*20462x3 
99*0462x26 

Centigramme, . 
D6dgramme,   . 
Gramme, 
Decagramme,  . 
Hectogramme, 
Kilogramme,   . 
Myiiogramme, 

0  00000090 
0*00000x97 
0*0000x968 
0*000X9684 

o'ooi9684X 
0*019684x9 
0*19684x18 

x  grain  —  0-064798950  grammea.                           1        x  o».  Troy  =.  31  •103496  grammes. 
X  lb.  Ayolrdupola  =  0*45359265  kilogramme.        |        x  cwt  —  50*80937689  kilogrammes. 

The  following  tables,  taken  from  a  paper  by  Mr.  Itoyston-Pigott,  will  also  be  found  very 
luef ul  for  special  purposes  : — 


British  Inches. 

Mfllimdtres. 

MUlim^tna. 

Bzitiah  Inches. 

x 
s 

a5*39954"3 
50*79908996 

X 
8 

0039370789 
0*07874 1579 

3 

76*19862339 

3 

0*118112369 

4 

xoi  •59816459 

4 

0157483159 

5 

126*99770566 

1 

0*196853949 
0236224738 

6 

X52*39724679 

5 

«77 '79678792 

903'X9633905 
823*595870x8 

I 

o"a75595528 
0*3149663x8 

9 

9 

0*354337108 

xo 

a53'9954iX32 

XO 

0*393707898 

X9  (foot) 

304*79449358 

90 

0*787415796 

ao 

507*99082226 

40 

"■57483159a 

3°,      « 

761*98623396 

SO 

X -96853949 

36  (yard) 

9x4-38348075 

xoo 

3*93707898 

40 

xox5'98i64528 

1000  (m^tre) 

39*3707898 

so 

X  269  97705566 

100 

a539'954xi326 

Giaina 

Grammes. 

Grammes. 

Grains. 

7 

•45359a 

15*43234874 

X4 

•907185 

30*86469748 

9X 

1*360777 

46*29704629 

98 

X  814370 

6x -79939496 

35 

9*267963 
4*535926 

77x6174370 

70 

xo 

X54*32348740 

X40 

9*071859 

XX 

x6o*7S5836i4 
3086469748 

350 

99*679639 

20 

700 

45*359265 

50 

771*617437 

7000 

453*592653 

xoo 

1543234874 

(one  pound  STOixd.) 

xooo 
(kilogramme.) 

X543a*34874 

It  will  be  noticed  that  the  first  column  deals  with  decimal  parts  of  one  pound  ayoirdupois. 

See  Estay  on  the  Yardy  the  Pendulum^  and  the  MHre,  by  Sir  John  Herschel ;  Brio^t  Aritk' 
fnetiCy  translated  by  J.  Spear,  kc  ;  a  paper  by  Mr.  Spear  in  the  Popular  Science  Beview  for 
October  1864  ;  and  another  by  Mr.  Boyston-Pigott  in  the  same  magazine  for  July  1 870. 

METROCHROME.  (jJxrpoF,  a  measure,  and  xp^f*^*  colour.)  An  instrument  devised  by 
Sidney  B.  Kincaid  for  measuring  colour.  He  has  employed  it  for  the  estimation  of  staroolouis. 
It  consists  essentially  of  three  parts — i,  a  lantern  for  the  production  of  a  constant  light ;  2,  a 
contrivance  for  imparting  to  that  light  the  necessary  colour,  and  so  arranged  that  the  proper 
tinge  being  onoe  produced,  a  record  of  it  can  be  obtained,  so  as  to  enable  it  to  be  reproduced  at 
any  time ;  3,  an  apparatus  to  throw  that  coloured  light  into  the  field  of  the  telescope  as  an  arti- 
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fidal  star,  which  can  thtu  be  viewed  side  by  side  with  the  image  of  the  real  one.  The  Bouroe 
of  light  is  a  yery  fine  platiniim  wire,  rendered  incandescent  by  a  current  of  electricity,  trans- 
mitted through  it  from  a  Smee's  battery  of  two  oells.  The  platinum  wire  is  brought  into  the 
focus  of  a  lens,  so  that  the  rays  of  light  from  the  lantern  issue  paralle],  and  therefore  come  to  a 
focus  after  passing  through  the  object-glass  of  the  telescope,  at  the  same  distance  from  it  as 
those  emitted  by  a  star.  The  chromographic  part  of  the  apparatus  consists  of  a  drum  rotating 
about  an  axis.  The  drum  has  in  it  six  equidistant  radial  openings,  the  alternate  three  of  them 
transmitting  the  normal  light  of  the  lantern,  the  other  three  cons^cted  so  as  to  admit  flat- 
sided  stoppered  bottles,  containing  chemical  solutions  of  different  colours.  The  outer  edge  of 
each  of  the  last  mentioned  ajMrtures  is  graduated  into  ten  parts,  and  each  of  these  can  be 
wholly  or  partially  closed  by  means  of  a  radial  shutter.  The  other  three  apertures  can  be 
simultaneouBly  closed  wholly  or  partially  by  a  triune  radial  shutter.  The  edge  of  one  of  them 
is  divided  into  ten  parts,  and  as  all  are  equally  affected  by  the  movement  of  the  shutter,  the 
reading  applies  to  tne  three  openings.  The  drum  is  made  to  rotate  so  as  to  bring  successively 
the  different  apertures  in  front  of  the  lantern ;  and  when  the  rotation  is  su£Bciently  rapid,  the 
impression  of  colour  produced  on  the  retina  of  the  eye  will  be  that  of  a  colour  compounded  of 
the  colour  of  the  solutions  in  the  three  alternate  apertures  diluted  by  the  white  light  transmitted 
through  the  other  three  alternate  apertinres.  By  a  proper  selection  of  the  solutions,  and  ad- 
justment  of  the  magnitude  of  the  several  apertures  by  means  of  the  shutters,  it  is  possible  to 
produce  the  exact  colour  of  a  particular  star,  and  then  the  record  of  the  solutions  employed,  and 
of  the  dimensions  of  the  several  apertures,  will  enable  the  exact  reproduction  of  such  colour  at 
any  future  period  for  comparison  with  the  then  colour  of  the  star  in  question.  The  remaining 
part  of  the  apparatus  is  a  contrivance  for  throwing  the  beam  of  coloured  light  into  the  tele- 
scope, so  as  to  produce,  as  already  mentioned,  the  image  of  an  artificial  oolourod  star. 

MIGROCOSMIG  SALT.    See  Phosphorus. 

MICROMETER,  DOUBLE  IMAGE.    See  DotMe  Image  Micrometer. 

MICROMETER  EYE-PIECE,  (juxpot,  small,  and  Ater/wy,  a  measure.)  This  consists  of 
an  eye-piece  having  a  ruled  glass  micrometer,  or  a  spider-thread  micrometer,  in  its  focus.  The 
image  of  the  object  and  the  lines  of  the  micrometer  are  thus  distinctiy  seen  at  the  same  time, 
and  measurements  can  be  readily  obtained.  The  ruled  glass  is  sometimes  stationary,  and  some- 
times connected  with  a  screw  and  graduated  milled  head,  so  as  to  read  off  the  measurements  at 
the  side.  The  spider-thread  micrometer  consists  of  two  ^ider  threads  fixed  in  the  focus  of  the 
eye-piece,  one  of  which  is  stationary,  whilst  the  other  is  allowed  to  traverse  the  field,  keeping 
parallel  to  the  first.  This  is  also  moved  by  means  of  a  fine  screw  and  graduated  milled  hea£ 
Sometimes,  instead  of  one  moving  wire,  the  frame  carries  two,  crossing  each  other  at  an  angle. 
It  is  easier  with  this  arrangement  to  get  the  accurate  coincidence  of  an  object  with  the  point 
where  the  threads  cross,  than  with  the  straight  thread.  (See  Bye^oieee  Micrometer,  and  Pa/raUd 
JAnePoeition  Micrometer.) 

MICROSCOPE,  (fuxpos,  small,  and  CKortia,  to  view.)  An  optical  instrument  by  means  of 
which  magnified  views  of  very  minute  objects  can  be  obtained.  Microscopes  are  divided  into 
simple  ana  compound.  In  the  former,  the  object  itself  is  directiy  magnified  by  one  or  more 
convex  lenses.  (See  DouJblet;  Triplet.)  In  a  compound  microscope,  a  highly  magnified  image 
of  the  object  is  first  formed,  and  this  image  is  then  treated  like  the  real  object  in  a  simple  mi- 
croscope, the  eye-pieoe  here  acting  as  tiie  magnifier.  (See  Compound  Mierotcope;  Dichroie 
Microicope;  Mffiecting  MicroKope;  Binocular  Microscope;  Solar  Microtcope;  jS^pecfrum  Micro- 
teope;  Polarising  Microtcope.) 

imCROSCOPE,  BI1<  OCULAR  STEREOSCOPIC.  See  Binocular  Stereoscopic  Micro- 
scope.)   

MICROSCOPIUM.    (The  microscope.)    One  of  Lacaille's  southern  constellations. 

MICROSPECTROSCOPE.    Synonymous  with  the  Spectrum  Microscope,  which  see. 

MILKY  WAY.     See  Galaxy. 

MINERAL  CHAMELEON.    See  Manganese. 

MINERALS,  HARDNESS  OF.    Qee  Hardness  of  MineraU. 

MINIMUM  THERMOMETER.  A  thermometer  so  constructed  as  to  register  the  lowest 
temperature  during  a  day,  or  any  given  interval  of  time.  The  principle  on  which  it  is  con- 
structed is  the  reverse  of  that  adopted  in  the  maiiTnnm  thermometer.  In  Rutherford s  mini' 
mum  thermometer,  the  spirit  of  wine  is  used  instead  of  mercury ;  and  a  steel  index  is  placed  in 
the  tube,  the  thermometer  being  suspended  horizontally.  Ab  the  temperature  falls,  the  index 
IS  carried  down  by  the  spirit ;  but  when  the  temperature  rises,  the  spirit  passes  the  index,  and 
leaves  it  to  indicate  the  lowest  temperature  reached  during  the  day.  A  magnet  may  be  em- 
ployed in  setting  the  instrument,  or  else  the  bulb  end  must  be  raised. 

It  must  be  noticed  specially  in  employing  this  instrument,  that  the  spirit  of  wine  is  apt  to 
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collect,  after  evaporation,  at  the  top  of  the  tube.    It  need  hardly  be  said  that,  nnleBS  this  end 
of  the  tube  be  free  from  spiiit,  the  minimum  registered  will  be  too  low. 

MINIUM.     See  Lead;  Oxides, 

MINTAKA.    (Arabic.)    The  star  9  in  the  belt  of  the  constellation  Orion. 

MIBA.  (The  wonderful  star.)  The  star  o  of  the  constellation  Cetus.  A  remarkable  Tsri- 
able  star.     (See  Stan^  VanaJtiU.) 

MIRACH.  (Arabic.)  A  name  which  has  been  given  both  to  the  star  /3  of  the  constellation 
Andromeda^  and  to  the  star  e  of  the  constellation  Bootes.  Each  star  is  also  sometimes  called 
Mizar. 

MIRAGE.  (French,  from  the  root  of  mirror  ;  L.,  mtror,  to  wonder  at. )  A  phenomenon  of  un- 
usual refraction.  It  is  produced  by  the  sun  shining  on  a  sandy  desert,  and  heating  the  sand 
and  lower  stratum  of  air.  It  gives  the  appearance  of  lakes  or  inundations  in  the  distance,  the 
villages  on  elevations  being  apparently  reflected  in  water.  It  is  probably  due  to  total  reflection 
from  the  bouudaiy  surfaces  of  two  strata  of  air  of  unequal  densities.  (See  R^ractum^  UnittuaL) 

MIRFAK.    ^Arabic.)    The  star  a  of  the  constellation  Perseus. 

MIRROR.  (Miror,  to  wonder  at.)  A  polished  substance  used  for  reflecting  light.  For 
optical  purposes  they  may  be  made  of  plane  glass,  glass  coated  behind  with  tin  amalgam 
(looking-glass) ;  glass  coated  in  front  with  a  highly  reflecting  silver  or  platinum  film,  or  of  speca- 
lum  metaL     Mirrors  are  plane,  convex,  concave,  and  paraboUc,  which  see. 

MIRROR  GALVANOMETER.     See  GalvanoTneter, 

MIRRORS,  SILVERED.     See  SUvered  Mirron, 

MIRZAM.    (Arabic.)    The  star  /3  of  the  constellation  Oanis  Major. 

MIST.    See  Fog. 

MISTRAL.  A  violent  (but  steady)  north-westerly  wind  blowing  from  the  soath-eastem 
parts  of  France  across  the  Gulf  of  Lyons. 

MIZAR.  (Arabia)  (See  Mirach.)  Mizar  is  also  a  name  given  to  the  star  j*  of  the  constel- 
lation Ursa  Major. 

MOBILE  EQUILIBRIUM  OF  TEMPERATURE.    See  Thtory  of  Exchanges. 

MODUJiUS  OF  ELASTICITY.    See  Impact,  and  ElasHctty. 

MOIREE  METALLIQUE.    See  Tin, 

MOLECULAR  POTENTIAL  ENERGY.    When  a  baU  is  thrown  np  into  the  air  it  pos- 
sesses, besides  its  actual  motion  or  vis  viva  (otherwise  called  kinetic  eneigy),  a  certain  amount  of 
other  energy,  called  potential  ejurgy.      At  any  moment  of  its  ascent  it  possesses  the  actual 
motion  wMch  is  urging  it  upwards,  pUu  the  possible  motion — the  motion  existing  in  possibility 
not  in  act — due  to  gravity,  which  will  cause  it  to  descend  to  the  earth  when  it  reaches  the 
summit  of  its  flight     This  is  the  potential  energy  of  a  mass.    In  like  manner,  a  man  in  a  bal- 
loon, a  hanging  lamp,  a  pith-ball  suspended  in  the  vicinity  of  a  charged  electrical  conductor, 
two  bodies  whose  chemical  union  is  imminent,  and  a  piece  of  iron  suspended  near  a  magnet,  are 
each  and  all  in  a  condition  of  potential  energy,  because  there  is  an  action  possible  to  ^em 
which  is  not  possible  when  they  are  removed  from  the  several  attracting  forces  which  influence 
them.     In  fact,  whenever  matter  is  under  the  influence  of  an  attractive  force,  in  a  restrained 
position,  so  that  it  can  be  actuated  by  that  force  only  when  the  restraining  influence  is  removed, 
it  is  in  a  condition  of  potential  energy.      Now,  when  we  heat  a  substance,  a  part  of  the  heat  is 
consumed  in  the  performance  of  mechanical  work  (see  Internal  Work  of  a  Mom  of  Matter) — ^it 
has  to  overcome  the  cohesion  of  the  particles  before  it  can  separate  them.     Suppose  we  heat  a 
bar  of  iron  to  redness,  the  particles  are  further  apart  than  before  heating  (see  J^jcpaiwum),  and 
heat  has  been  converted  into  mechanical  force  in  separating  them.     They  are  in  a  condition  of 
potential  energy,  and  resemble  a  suspended  weight.     This  is  mxitecvUar  potential  energy ^^e 
potential  energy  of  small  masses.    As  the  heat  which  caused  their  separation  passes  off  during 
the  cooling  of  the  mass,  cohesion  reasserts  its  power,  and  the  particles  approach  each  other ; 
they  resemble  a  ball  falling  to  the  earth,  a  pith-ball  approaching  an  electrified  conductor,  a 
piece  of  iron  a  magnet,  or  a  molecule  of  oxygen  a  molecule  of  phosphorus,  save  that  they  axe 
actuated  by  the  force  of  cohesion  instead  of  by  gravity,  electricity,  magnetism,  or  chemical  afiBnity. 
An  enormous  force  is  exercised  durin^jr  this  contraction  ;  it  would  take  more  than  a  ton  weight  to 
stretch  a  bar  of  iron  of  a  square  inch  in  section  to  the  same  extent  that  a  rise  of  temperature  of 
9°  C.  effects,  and  the  same  force  is  exerted  in  the  opposite  direction  during  cooling.     A  short 
bar  of  iron  half  an  inch  thick  may  easily  be  broken  by  the  contraction  of  a  buffer  bar  which  has 
been  heated  to  redness  and  is  suffered  to  cool.      Moreover,  this  contractile  force  has  been 
applied  for  the  purpose  of  bringing  together  the  walls  of  buildings,  which  have  ceased  to  be  per- 
pendicular from  sinking  of  the  soil  or  other  causes.      Thick  rc^  of  metal  are  passed  through 
the  opposite  walls,  and  are  fastened  on  the  outside  by  means  of  a  screw  on  the  rod  itself.     The 
nut  is  screwed  up  tight,  and  the  rod  then  heated  to  Kdness ;  it  lengthens,  and  the  screw  can  be 
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tightened ;  as  the  rods  cool  they  shorten,  and  the  walls  are  drawn  slightly  closer.  By  repeating 
tUs  many  times  a  sensible  effect  may  be  produced,  and  the  walls  ultimately  brought  to  paral- 
lelism. The  most  notable  application  of  this  was  made  In  the  Conservatoire  des  Arts  et  Metiers 
in  Paris,  the  walls  of  which  were  commencing  to  bend  outwards,  but  were  straitened  by  thus 
utilising  the  intensity  of  molecular  forces.  On  the  same  principle,  the  tires  of  wheels  are  put 
on  while  red  hot,  as  are  the  iron  hoops  of  tubs  and  barrels. 

In  the  case  of  substances  which  have  been  suddenly  cooled,  such  as  unannealed  glass  (see 
Prince  Rupert*  s  Drops)^  the  moleoules  are  in  a  condition  of  potential  energy,  and  when  they  are 
released  from  the  state  of  strain  by  rupture  of  continuity  at  one  point,  the  potential  energy 
becomes  kinetic,  and  the  kinetic  energy  becomes  heat. 

Molecules  may  be  in  a  condition  of  potential  energy  under  the  influence  of  the  attractive 
force,  called  chemical  affinity.  Instances  of  this  are  of  perpetual  occurrence  in  chemistry. 
YHien  a  substance  is  decomposed  by  heat  a  certain  amount  of  heat  disappears,  and  is  consumed 
in  separating  the  molecules  ;  when  they  rush  together  again  to  combine  and  form  the  original 
substance  the  same  amount  of  heat  is  produced  by  the  collision  of  the  molecules  as  was  con- 
sumed in  separating  them.  They  are  in  the  condition  of  the  raised  weight,  then  of  the  falling 
weight,  then  of  the  weight  which  has  reached  the  earth  and  yielded  up  its  kinetic  energy,  which 
becomes  heat.  Suppose,  for  instance,  we  have  lead  in  the  finely  divided  state  in  which  it  is 
called  lead  pyrophorous  ;  it  is  in  a  condition  of  molecular  potential  energy  ;  a  certain  amount 
of  heat  has  been  consumed  in  bringing  it  to  that  condition,  and  when  the  molecules  are  brought 
into  the  presence  of  oxygen  gas  they  combine  with  it.  The  molecules  of  lead  come  into  collision 
with  the  molecules  of  oxygen,  and  the  heat  consumed  in  separating  them  reappears.  When 
molecules  are  in  a  condition  of  potential  energy  under  the  influence  of  their  own  cohesion  ;  that 
is,  when,  as  in  the  first  example  given  above,  heat  has  expanded  a  body,  and  thus  conferred 
potential  energy  upon  its  molecules,  a  certain  amount  of  heat  disappears  in  the  performance  of 
internal  work,  and  when,  on  cooling,  the  molecules  assume  their  original  position,  the  amount 
of  heat  which  was  consumed  in  separating  them  reappears,  (See  ako  Specific  Heat;  Internal 
Work  of  a  Mass  of  Matter.) 

MOLECULE.  (Diminative  of  L.  moUs,  a  mass.)  The  smallest  quantity  of  a  compound 
which  can  take  part  in  a  chemical  reaction.  Thus  the  molecule  of  water  is  afi=i  i8,  uid  of 
ammonia,  HgN  =17. 

MOLYBDENITE.    See  Molyhdenum. 

MOLYBDENUM.  A  metal  discovered  by  Hjelm  in  1782.  Symbol  Mo.  Atomic  w^ht, 
96.  It  is  scarcely  known  in  the  metallic  state,  but  is  said  to  l)e  a  silver  white,  very  hard, 
almost  infusible  metal,  of  specific  gravity  8'6.    Its  most  important  oompoands  axe  :— 

Mdybdic  Oxide.  (MoO,.)  A  red-brown  powder,  precipitated  as  a  hydrate,  and  soluble  in 
adds,  forming  molybdic  salts. 

Molybdic  Acid.  (MoOg.)  This  is  a  white,  silky-looking  crystalline  powder,  of  specific 
gravity  3*49,  fusible  at  a  red  heat,  slightly  soluble  in  cold  water,  forming  a  slightly  add  solu- 
tioxL  By  dialysis,  Graham  prepared  a  strong  aqueous  solution  of  molybdic  add,  which,  on 
evaporation  to  dryness,  left  the  add  in  a  gum-like  mass.  Molybdic  add  unites  with  bases 
forming  molydates.  Molybdic  acid  dissolves  in  anmionia.  The  solution,  when  rapidly  evapo- 
rated, deposits  a  ctystamne  powder,  having  the  composition  (NH4),0.2Mo03;  when  eva- 
porated slowly  in  the  air,  large  transparent  prisms  are  deposited,  having  the  composition 
(NH,),H«Mo50«,. 

Dismphide  cf  Mdybdenum.  (MoS^.)  Occurs  native  as  Mobfbdenite.  It  is  very  soft,  and 
crystallises  in  thin  plates  of  a  lead-gray  metallic  lustre.  It  is  easily  cut.  Spedfic  gravity 
4*4.    This  is  the  usual  source  of  Molybdenum  compounds. 

MOMENT  OF  INERTIA  If  a  body  be  supposed  to  consist  of  a  large  number  of  heavy 
particles,  and  the  mass  of  each  be  multiplied  by  the  square  of  its  perpendicular  distance  from  a 
given  line  or  axis,  the  sum  of  all  the  products  is  the  moment  of  inertia  of  the  body  with  respect  to 
the  axis.  The  moment  of  inertia  is  a  quantity  that  enters  nearly  every  question  in  which  the 
rotatory  motion  of  a  body  is  concerned  ;  for  example,  when  a  body  under  the  action  of  a  number 
of  forces  is  free  to  move  only  about  a  fixed  axis,  it  is  found  that  the  angular  acoeleration  about 
the  axis  is  equal  to  the  moment  of  the  forces  divided  by  the  moment  of  inertia  about  the  axis. 

MOMENTUM.  The  product  of  the  mass  of  a  moving  body  into  its  velocity.  It  is  a  mea- 
sure of  the  force  accumulated  in  a  moving  body.  A  ball  of  lead  weighing  10  lbs.,  and  moving 
with  a  velocity  of  15  feet  per  second,  would  strike  an  obstacle  with  the  same  force  as  a  baU 
30  lbs.  in  weight,  and  moving  with  a  velodty  of  5  feet  per  second.  The  momentum  depends 
on  the  mass  and  not  on  the  weight,  for  a  given  mass  of  lead,  moving  with  a  given  velodty, 
would  strike  the  same  blow  in  England  as  in  India,  although  the  acceleration  of  gravity,  and^ 
therefore,  the  weight,  would  not  be  the  same  in  the  two  places.    When  a  body  in  motion 
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imparts  motion  to  another,  as  when  a  ball  in  motion  strikes  another  at  rest,  the  momentom  lost 
by  the  first  is  exactly  equal  to  that  gained  by  the  second.  When  a  system  of  bodies  is  in 
motion,  the  sum  of  the  momenta  of  the  parts  of  the  system  in  any  direction  is  eqnal  to  the 
momentmn  in  that  direction  of  the  whole  mass  collected  at  the  centre  of  grayity. 

MONALKALAMINES.    Bee  Amicks, 

MON ATOMIC  ALCOHOLS.    See  Alcohols,  Series  qf. 

MONAMIDES.    See  Amides. 

MONAMINES.    See  Amities. 

MONOCEROS.  (The  Unicom.)  One  of  the  northern  constellations,  formed  by  Hevelins. 
It  contains  many  objects  of  interest  to  the  telescopist.  The  triple  star  1 1  Monocerotis  has  been 
described  by  Sir  Wm.  Herschel  as  one  of  the  finest  objects  in  the  heavens. 

MONOCHORB.  (/tOKot,  sole,  only ;  and  x^^P^i  chord.)  A  musical  instrument  of  one  string 
inyented  by  Pythagoras.  It  was  used  at  an  early  period  for  the  investigation  of  the  laws  of 
the  vibration  of  strings.  Thus  Ptolemy  measured  and  proved  all  his  intervals  by  it.  Altiiough 
originally,  as  the  name  imports,  it  had  only  one  string,  the  modem  form  of  the  instrument  con- 
gists  of  a  long  box  upon  which  two  strings  are  stretdied.  One  string  has  one  extremity  fixed, 
and  the  other  attached  to  a  weight ;  the  extremities  of  the  other  string  are  wound  round  screws 
fixed  to  the  box.  The  lengths  of  the  vibrating  parts  of  the  strings  may  be  increMed  or 
diminished  by  moveable  brieves.    (See  VibrcUions  of  Strings.) 

MONOCHROMATIC  LAMP,  (/coyot,  single  ;  and  xP^fui,  colour.)  A  lamp  which  emits 
rays  of  one  ref rangibility  only.  Light  of  this  kkid  is  frequently  required  in  optical  experiments. 
By  introducing  into  a  colourless  spirit  or  gas  flame  a  tuft  of  asbestos  saturated  with  chloride  of 
lithium,  sodium,  or  thallium,  monochromatic  light  of  a  red,  yellow,  or  green  colour  may  be 
obtained. 

MONOCHROMATIC  LIGHT,  (jmpos,  single ;  and  x/x'/m,  colour.)  Light  of  one  refraa- 
gibility,  and  consequently  of  one  colour. 

MONSOON.  (Arabic,  mantimy  a  season.)  The  name  given  to  the  trade  winds  and  oounter^ 
trade  winds  which  blow  in  the  Indian  Ocean,  the  former  from  October  to  April,  the  latter  from ' 
April  to  October.  In  the  summer  months  the  Asiatic  continent  is  heated  more  than  the  equa> 
torial  parts  of  the  Indian  Ocean,  so  that  instead  of  air-currents  towards  the  equator  there  pre- 
vail aircurrents  from  the  equator,  and  precisely  as  the  air-currents  towards  the  equator  are 
changed  through  the  effects  of  the  earth's  rotation  into  north-easterly  winds  (see  TFiacb),  so  the 
air-currents  from  the  equator  are  changed  through  the  same  cause  into  south-westerly  winds. 

In  a  similar  way  monsoons  prevul  (though  not  quite  in  so  marked  a  degree)  over  those  parts 
of  the  Indian  Ocean  which  lie  to  the  north  of  Australia,  north-westerly  counter-trade  winds 
taking  the  place  of  the  south-easterly  trade  winds,  during  the  summer  months  of  the  southern 
hemisphere,  that  is,  from  October  to  April. 

MONTH,  ANOMALISTIC.  The  mean  period  of  the  moon's  resolution  from  perigee  to 
perigee  of  her  orbit.  It  differs  from  the  sidereal  month  because  the  perigee  does  not  occupy  a 
fixed  position. 

MONTH,  NODICAL.  The  period  of  the  moon's  passage  from  ascending  to  ascending,  or 
from  descending  to  descending  node  of  her  orbit.  It  differs  from  the  sidereal  month  because  the 
position  of  the  Une  of  nodes  is  continually  shiftinsf,  and  from  the  anomaUstic  month  because  the 
line  of  nodes  shifts  at  a  different  rate,  and  in  a  different  manner,  than  the  apsidal  line. 

MONTH,  SIDEREAL.  The  period  in  which  the  moon  passes  through  the  twelve  signs  of 
the  Zodiac.  It  may  be  regarded  as  the  period  in  which  the  moon,  as  seen  from  a  fixed  star, 
would  appear  to  describe  a  revolution  around  the  earth.  Its  length  is  not  constant^  sometimes 
exceeding,  at  others  falling  short,  of  its  mean  value  27*321661  days. 

MONTH,  SYNODICAL.  The  common  lunar  months  or  lunation,  that  is,  the  interval  in 
which  the  moon  goes  through  all  her  phases,  as  from  new  to  new,  or  from  full  to  fulL  It  is 
usually  reckoned  from  new  moon  to  new  moon.  A  synodical  month  exceeds  a  sidereal  month, 
because  when  the  moon  starting  from  any  assigned  position  has  completed  a  revolution  around 
the  earth,  the  latter  body  has  advanced  considerably  in  her  orbit  round  the  sun,  and  therefore 
the  moon  does  not  occupy  the  same  position  relatively  to  the  sun  that  she  had  when  she  b^^an 
the  revolution.  She  has,  in  fact,  still  to  advance  through  several  degrees  before  regaining  that 
position.    The  mean  value  of  a  synodical  month  is  29*530589  days. 

MOON.  The  satellite  of  the  earth,  a  globe  2165  miles  in  diameter,  and  travelling  in  a  nearly 
circular  orbit,  at  a  distance  of  238,8cx)  mUes  from  the  centre  of  the  earth.  The  density  of  the 
moon  is  little  more  than  half  that  of  the  earth,  so  that  her  mass  is  but  about  the  89th  part  of 
the  earth's.  Gravity  at  her  surface  is  such  that  a  terrestrial  pound  if  removed  to  the  moon 
would  weigh  less  than  3  oz.  The  moon's  apparent  diameter  varies  from  a  minimum  value  of  29' 
21-9',  to  a  maxlmiim  of  33'  31  'l". 
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The  moon,  in  completing  her  circuit  roimd  the  earth,  presents  vaiying  phases.  One  half  of 
her  surface  is  always  illuminated  by  the  sun,  but  as  the  moon  rotates  upon  her  axis  the  boundary 
between  the  dark  and  light  hemispheres  continually  changes  in  position.  As  the  polar  axis  of 
the  moon  is  nearly  at  right  angles  to  the  plane  of  her  orbit,  and  that  plane  inclined  at  a  small 
angle  to  the  ecliptic,  the  boundary  between  the  light  and  dark  hemispheres  appears  to  shift 
nearly  as  a  half  ring  would  which  should  have  its  ends  at  opposite  extremities  of  a  diameter  of 
the  moon^B  disc,  and  should  rotate  uniformly  about  that  diameter  as  an  axis.  The  same  hemi 
sphere  of  the  moon  is,  however,  always  turned  towards  us,  the  moon's  rotation  upon  her  axis 
being  accomplished  in  the  same  time  as  her  mean  sidereal  revolution.  This  remarkable  relation 
has  been  supposed  to  result  from  the  action  of  the  earth  in  long  past  ages  in  gradually  diminish- 
ing  the  moon's  rotation  period.     (See  LtbrcUion.) 

The  moon  presents  a  remarkable  appearance  under  the  telescope.  There  are  no  traces  either 
of  oceans  or  of  an  atmospheric  envelope.  The  whole  surface  of  the  moon  is  diversified  by  plains, 
elevations,  and  depressions  of  di£Ferent  orders,  which  have  been  thus  classified  by  Mr.  Webb  (in 
whose  admirable  treatise,  **  Celestial  Objects  for  Common  Telescopes,"  the  whole  subject  will  be 
found  very  fully  treated). 

1.  Gray  Plains^  called  seas,  but  undoubtedly  containing  no  water.  **  They  are  usually  darker 
than  the  elevated  regions  which  bound  them,"  says  Webb,  '^but,  with  a  strong  general  resem- 
blance, each  has  frequently  some  peculiar  characteristic  of  its  own." 

2.  Mountain  Chains^  HilU,  and  Bidgez.  These  also  are  characterised  by  many  varieties. 
"  Some  are  of  vast  continuous  height  and  extent,  some  flattened  into  plateaus  intersected  by 
ravines,  some  rough  with  crowds  of  hillocks,  some  sharpened  into  detached  and  precipitous 
peaks."  One  of  the  most  striking  forms  of  elevation  is  that  of  narrow  ridges,  not  much  raised 
above  the  general  level,  but  extending  over  enormous  arcs  of  the  moon's  surface,  and  commonly 
connecting  remarkable  mountains  or  craters.  These  seem  to  indicate  the  action  of  tremendous 
forces  of  upheaval,  bursting  open  parts  of  the  moon's  crust,  and  acting  more  or  less  effectively 
according  as  the  resistanoe  experienced  has  been  less  or  greater. 

3.  The  Craier-MounUiins.  These  are,  as  Mr.  Webb  justly  remarks,  the  characteristic  peculi- 
arities of  the  moon.  Although  cratered-mountains  are  not  unknown  on  the  earth,  yet  the 
crater  is  in  all  such  instances  far  smaller  than  the  cone ;  whereas  on  the  moon  the  crater  is 
relatively  of  enormous  extent.  There  are  idso  few  signs  of  the  emission  of  lava-streams  from 
lunar  craters.  Within  some  craters  signs  of  change  have  been  suspected.  Mr.  Birt,  for  instance, 
who  has  paid  much  attention  to  the  subject,  recognises  variations  in  the  visibility  of  msu-kings 
on  the  floor  of  the  lunar  crater  Plato.  (See  Notices  of  the  Royal  Astronomical  Socie'y,  vols. 
xxix.  and  xxx.)  Becently  it  was  suspected  that  the  small  lunar  crater  Linn^,  was  in  actual 
eruption  ;  the  eminent  selenog^pher  Schmidt,  of  Athens,  statiug  that  it  was  hidden  under  a 
doud  of  hght.  But  it  is  now  generally  believed  by  af«tronomers  that  differences  of  illumination 
alone  have  been  in  question.  Mr.  Browning  in  particular  has  succeeded  in  tracing  changes  of 
appearance  in  Linn^  under  varying  illuminations,  which  seem  fully  capable  of  accounting  for 
the  peculiar  appearances  attributed  by  Schmidt  to  an  eruption.  It  must  be  remarked,  however, 
that  some  of  the  signs  of  change  remarked  by  Schroter,  Gruithuisen,  Webb,  Birt,  and  others 
seem  too  marked  to  be  regarded  as  merely  apparent.  The  eminent  lunarians  Beer  and  Madler, 
however,  are  not  disposed  to  regard  the  moon's  surface  as  liable  to  change  of  any  sort 

4.  VaUeys  of  various  dimensions. 

5.  Clrft8  (or  Rills).  These  phenomena  were  first  recognised  by  Schroter,  but  Gruithuisen, 
Lohrman,  Beer  and  Madler,  and  Schmidt,  have  added  largely  to  the  number  of  known  objects 
of  this  sort.  They  are,  perhaps,  the  most  perplexing  of  all  the  lunar  features.  Webb  thus  de- 
scribes them  : — **  These  most  singular  furrows  pass  chiefly  through  levels,  intersect  craters 
(proving  a  more  recent  date),  reappear  beyond  obstructing  mountains,  as  though  carried  through 
by  a  tunnel,  and  commence  and  terminate  with  little  reference  to  any  conspicuous  feature  of  the 
neighbourhood.  The  idea  of  artificial  formation  is  negatived  by  uieir  magnitude  ;  they  have 
been  more  probably  referred  to  cracks  in  a  shrinking  suriace.  The  observations  of  Kunowski 
confirmed  by  Madler,  at  Doipat,  seem  in  some  instances  to  point  to  a  less  intelligible  origin  in 
rows  of  minute  contiguous  craters.'* 

6.  FaultSj  or  "  closed  cracks,  sometimes  of  considerable  length,  where  the  surface  on  one  side 
Is  more  elevated  than  on  the  other." 

The  elevation  of  the  lunar  mountains  admits  of  being  measured  with  considerable  accuracy 
by  observations  made  on  their  shadows.  Schroter  has  estimated  the  average  height  of  the 
lunar  mountains  to  be  about  5  English  miles,  so  that  they  bear  a  far  more  important  ratio  than 
terrestrial  mountains  to  the  globe  on  widch.  they  stand. 

From  the  instantaneous  disappearance  and  reappearance  of  stars  which  are  occulted  by  the 
moon,  it  may  be  concluded  that  if  the  moon  have  an  atmosphere  it  must  be  one  of  very  limited 
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extent.    (See  Lunar  Theory  ;  Month  {AnomaUttic,  Sidereal^  and  Nodical) ;  Precession;  Nutation; 
Elements,  &c.) 

MOON  CULMINATING  STARS.    See  Lm^itude. 

MOON,  SPEGTBUM  OF  THE.  ThiB  spectrum  is  essentially  that  of  sunliglit,  modified  as 
to  its  intensity  in  some  portions  by  the  colour  of  that  portion  of  our  satellite  from  which  it  ia 
reflected.     (See  Sun,  Spectrum  of.) 

MORIN'S  APPARATUS.  A  maehine  constracted  by  General  Monn  to  illustrate  the  laws 
of  falling  bodies.  It  consists  of  a  cylinder  capable  of  rotation  about  a  vertical  axis,  and  caused 
to  revolve  by  the  descent  of  a  weight  attached  to  a  rope  wound  round  a  horizontal  axle.  A 
toothed  wheel  is  fixed  at  one  end  of  the  axle,  the  teeth  working  in  an  endless  screw  on  the  ui^)er 
extremity  of  the  axis  of  the  cylinder.  Uniformity  of  rotation  is  secured  by  the  action  of  a  fly- 
wheel, through  another  endless  screw,  on  the  toothed-wheeL  The  cylinder  is  surrounded  with 
paper  ruled  with  horizontal  and  vertical  lines.  A  cylindrical  weight,  fixed  at  the  top  of  the 
machine  when  at  rest  by  a  catch,  carries  a  pencil,  the  point  of  which  is  gently  pressed  by  a 
spring  against  the  surface  of  the  paper.  The  weight  is  detached  by  puUing  a  cord,  and  is 
guided  in  its  fall  by  two  iron  wires  fixed  in  the  vertical  direction.  If  the  cylinder  did  not 
revolve,  while  the  weight  fell,  the  pencil  would  trace  a  vertical  line  upon  the  surface ;  while  if 
the  cylinder  revolved,  but  the  weight  remained  stationary,  a  horizontal  line  would  be  teaoed. 
When,  however,  the  cylinder  turns  and  the  weight  falls,  a  curve  is  traced  which  is  found  to  be 
a  parabola.  The  effect  is  the  same  as  if  the  body  were  projected  with  a  uniform  horizontal 
velocity  and  allowed  to  fall  under  the  action  of  gravity*  The  horizontal  velocity  of  the  cylinder 
for  each  unit  of  time  is  known,  and  it  is  found  experimentally  that  the  falling  weight,  at  the 
end  of  a  certain  time,  is  at  a  point  situated  on  the  vertical  line  drawn  from  the  point  at  which 
it  would  have  arrived  if  it  had  moved  horizontally  only,  and  at  distances  from  that  point  which 
increase  as  the  square  of  the  time,  or  ss  the  numbers,  I,  4,  9,  i6,  &c.,  thus  confirming  the 
theory  of  falling  bodies  and  coinciding  exactly  with  the  results  obtained  with  Attwood*s 
machine.  (See  AttwootTs  Machine.)  The  resistance  of  the  air  is  neglected,  the  form  of  tho 
weight  and  duration  of  the  fall  being  such  as  to  make  this  resistance  inappreciable. 

The  ratio  of  the  velocity  of  the  falling  body  at  any  point  to  the  horizontal  velocity  of  the 
cylinder  is  determined  by  drawing  a  tangent  to  the  curve  at  that  point,  and  producing  it  to 
meet  the  line  representing  the  horizontal  velocity,  and  dividing  the  perpendicular  distance  of 
the  point  from  the  horizontal  line  by  the  length  of  tiie  line  intersected  between  the  tangent  and 
the  perpendicular.    (See  FaUing  Bodies;  Lams  of  Motion,) 

MORPHINE.  An  organic  alkaloid  contained  in  opium,  and  constituting  the  most  important 
of  the  numerous  bases  occurring  in  it.  In  the  pure  state  it  crystallises  in  colourless  transparent 
trimetric  prisms,  very  slightly  soluble  in  cold  water,  alcohol,  and  ether.  Its  composition  is 
CjyHi^NOs.  It  has  a  bitter  taste,  and  is  a  powerful  naccotio  much  used  in  medicine.  It 
neutralises  acids  and  forms  a  well  crystalliaed  series  of  salts. 

MOSAIC  GOLD.    See  Tin,  Sulphide. 

MOVING  FORCE,  A  term  applied  to  a  pressure  producing  motion  in  a  mass  when  it  is 
measured  by  the  additional  momentum  imparted  to  the  mass  in  a  unit  of  time.  If  by  acting 
for  a  second  of  time  a  foroe  increase  the  velocity  of  a  body  from  I2  feet  to  20  feet  per  second 
the  moving  force  is  the  mass  of  the  body  multiplied  by  8  feet,  or  the  increase  of  velocity  per 
second.  The  moving  force  bears  the  same  relation  to  the  momeatum  as  the  acceleration  does  to 
the  velocity,  for  it  is  the  increase  of  momentum  in  a  second. 

MULTIPLE  STARS.    See  Stars,  DouUe,  &c. 

MULTIPLIER,  or  ASTATIC  GALVANOMETER^  as  it  is  very  frequently  called,  is  aa 
instrument  for  detecting  the  existence  and  measuring  the  strength  of  an  electric  current.  Its 
construction  and  mode  of  action  are  as  follows.  The  lower  needle  of  a  very  nearly  astatic  oom- 
bioation  (which  consists  of  two  equal  magnetised  needles  suspended  horizontally  one  above  the 
other  with  their  like  poles  in  opposite  directions)  is  surrounded  by  a  coil  of  wire  within  which 
it  can  turn  freely  round  a  vertical  axis,  the  upper  needle,  of  course,  turning  with  it.  The  latter 
moves  over  a  circular  card  which  is  placed  above  the  coil  of  wire  and  on  which  the  degrees  of 
the  circle  are  marked.  The  extremities  of  the  coil  of  wire  are  brought  to  biading  screws  or  cups 
of  mercury  for  convenience  of  making  connection  with  any  wire  or  other  body  to  be  tested ; 
and  the  whole  instrument,  except  the  screws  or  cups,  is  covered  with  a  glass  shade  to  protect  it 
from  currents  of  air.  To  use  the  instrument  it  is  placed  so  that  the  needles  are  perpendicular 
to  the  axis  of  the  coil,  or,  in  other  words,  in  a  plane  parallel  to  the  plane  of  the  winding  of  the 
coil,  and  the  wires  from  the  supposed  source  of  electricity  are  attached  to  the  binding  screwB 
or  mercury  cups.  If  there  be  any  current  passing  the  needles  will  tend  to  turn  in  a  direction 
perpendicular  to  the  line  in  which  the  current  is  passing,  the  side  of  the  coil  to  which  the  poles 
turn  depending  on  the  direction  in  which  the  current  is  flowing.    This  instrument  can  be  made 
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very  delicate,  indeed,  by  increasing  the  number  of  turns  of  the  coil,  or  by  maJdng  the  needles 
very  nearly  equal,  and  therefore  the  system  very  nearly  astatic.  The  more  nearly  equal  they 
are  the  less  is  the  directive  force  of  the  earth  upon  the  system ;  and  it  is  this  that  acts  against 
the  current  which  tends  to  set  the  needles  at  right  angles  to  itself.  It  will  readily  be  under- 
stood that  the  action  of  all  the  parts  of  the  coil  upon  the  needle  in  its  interior  is  in  the  same 
directioD,  that  is,  all  the  parts  conspire  to  turn  the  poles  the  same  way ;  and  that  the  action  of 
the  upper  portion  of  the  coil  on  the  needle  above  it  also  has  the  same  tendency ;  the  action  of 
the  lower  part  of  the  coil  on  the  upper  needle  is  of  the  opposite  kind  and  tends  to  turn  the 
system  round  in  the  other  direction,  but  as  it  is  much  more  distant  it  produces  comparatively 
little  effect. 

Galvanometers  or  multipliers  similar  to  that  described  above,  made  with  but  a  few  turns  of 
moderately  thick  copper  wire,  are  constructed  and  known  under  the  name  tJttrmomidtiplier,  and 
are  used  in  experimenting  on  currents  produced  by  heat.  They  are  made  in  this  way  because 
the  electromotive  force  of  thermo-currents  is  veiy  small,  and  any  resistence  such  as  that  of  a 
long  thin  wire  would  so  diminish  the  current  as  to  make  it  insensible. 

MULTIPLYING  GLASSES.  An  amusing  toy,  consisting  of  a  plano-oonvex  glass,  having 
on  the  convex  surface  various  flat  faces,  each  of  which  being  at  a  different  angle  from  the 
plane  surface  of  the  glass,  forms  a  separate  prism,  having  a  different  refracting  angle  to  that  of 
its  fellows.  When  a  luminous  object,  such  as  a  candle,  is  viewed  through  these,  as  many  sepa- 
rate images  of  the  object  are  seen  as  there  are  faces  to  the  glass,  and  these  are  coloured  by  dis- 
persion more  or  less  as  they  approach  the  margin. 

MUNDIO.    See  Iron  Sulphides. 

MUPHRID.     (Arabic.)  ^  The  star  rj  of  the  constellation  Bootes. 

MURAL  CIRCLE.  An  instrument  for  determining  the  zenith  distances  of  stars,  and  thence 
their  north  polar  distance  and  its  complements  their  declination.  It  consists  of  a  circle  bearing 
a  telescope,  which  revolves  in  the  plane  of  the  meridian,  the  whole  being  attached  to  a  stone 
wall  or  pier  of  solid  masonry. 

MUREXID.  A  brilliant  red  and  purple  colouring  matter,  obttuned,  among  other  methods, 
by  the  action  of  ammonia  on  alloxantin,  one  of  the  products  of  the  oxidation  of  uric  add.  It 
forms  brilliant  four-sided  prisms,  which  are  of  a  rich  metallic  green  colour  by  reflected  light, 
and  garnet-coloured  by  transmitted  Ught,  and  of  which  the  formula  is  CgHgNgO^.  It  dissolves  in 
water,  forming  a  rich  purple-coloured  solution,  which  dyes  silk,  wool,  cotton,  and  leather,  with 
very  fresh  and  brilliant  colours. 

MURIATIC  ACID.    {Muria,  sea  salt. )    See  ffydrochlorie  Acid, 

MUSCA.  (The  fly  or  bee.)  A  southern  consteUation  formed  by  Bayer.  There  is  a  small 
group  of  stars  now  restored  to  the  constellation  Aries  to  which  the  same  name  was  given. 

MUSCULAR  POWER.  The  muscles  of  an  animal  are  machines  doing  work.  As  the  work 
done  by  a  steam-engine  is  due  to  the  force  liberated  during  the  combination  of  the  fuel  with  the 
oxygen  of  the  air,  so  the  work  of  the  muscles  is  derived  from  the  oxidation  of  the  food,  which 
is  indeed  the  fuel  of  the  animal  body  from  which  both  its  work  and  heat  are  obtained.  (See 
Food,  Functions  of.)  The  physiological  processes  of  digestion,  absorption,  &c.,  convert  the 
whole  of  the  food,  except  the  portion  excreted  per  anum,  into  blood.  From  the  blood  the 
muscles,  as  well  as  the  other  organs  of  the  body,  are  nourished.  Like  the  rest  of  the  body,  the 
muscles  undergo  constant  disintegration  and  require  constant  renewal  The  muscular  tissue  is 
substantially  identical  with  albumin  in  composition,  and  the  final  result  of  its  disintegration 
is,  that  it  is  oxidised,  and  a  number  of  more  or  less  simple  compounds  formed  from  it.  Of  these 
carbonic  acid,  and,  to  some  extent,  water,  are  excreted  through  the  lungs  and  skin,  while  the 
remainder,  of  which  the  most  important  are  urea,  uric  and  hippuric  acids,  and  creatinin,  pass 
away  in  the  urine.  Other  products  of  the  metamorphosis,  notably  lactic  add  and  creatin, 
undergo  further  change  within  the  body. 

The  inmiediate  origin  of  muscular  power  has  been  the  subject  of  much  study  within  the  last 
ten  years.  It  was  long  believed,  chiefly  on  the  authority  of  Liebig,  that  this  power  was  derived 
exclusively  from  the  oxidation  of  the  muscular  tissue  itself.  But  it  has  been  conclusively  proved 
that  this  is  not  the  case.  About  15  percent,  of  the  weight  of  dry  muscle  consists  of  nitrogen, 
and  as  the  whole  of  the  nitrogen  of  tne  disintegrated  musde  is  known  to  be  excreted  in  the 
urine,  it  is  obvious  that,  by  ascertaining  the  quantity  of  nitrogen  in  the  urine  excreted  during  a 
certain  period,  we  can  calculate  the  maximum  quantity  that  can  have  been  disintegrated  dunng 
that  time.  Now,  in  a  celebrated  experiment  {Phil,  Mag.,  June  1866),  Fick  and  Wislicenus  did 
a  definite  amount  of  work  (ascended  the  Faulhom)  on  a  non-nitrogenous  diet,  and,  aRcertaining 
from  the  nitrogen  excroted  the  utmost  quantity  of  muscle  that  ootdd  have  been  oxidised,  they 
found  that  it  was  not  suffident  to  account  for  more  than  one-third  of  the  work  done.    SuIwa- 


MUS  888  liUS 

quent  experiments  by  Franldand  (see  Pood)  have  Bhown  that  the  proportion  of  the  work  which 
coald  have  been  derived  from  muscular  oxidation  was  even  less  than  this. 

It  is  now  believed  that  all  oxidation,  whether  of  tissue  or  non-organised  liquid,  which  takes 
place  within  the  muscle,  may  give  rise  to  muscular  contraction,  and  so  to  work.  The  precise 
seat  of  the  oxidation  U  still  doubtful,  though  there  are  strong  grounds  for  thinking  Ihat  it  takes 

C*  i  within  the  walls  of  the  capillary  vessels.  The  force  ia  probably  set  free  as  heat  (Haiden- 
),  and  is  transformed,  perhaps  by  the  agency  of  the  nervous  system,  into  work  in  the  sub- 
stance of  the  tissue. 

The  amount  of  force  generated  in  the  human  body  in  twenty*four  hours  varies,  of  course,  ex- 
tremely. If  the  body  remain  unchanged  in  weight,  the  force  generated  may  readily  be  cal- 
culated from  the  calorific  value  of  the  day's  food.  (See  Food. )  The  force-value  of  a  bare  subrist- 
ence  diet  for  one  day  is  about  700,000  metre  kilogrammes,  but  with  the  higher  diet  required  for 
hard  work,  it  ia  twice  or  even  three  times  as  mudi  as  this.  The  average  daily  work  of  a  hard- 
working labourer  is  about  108,000  metre  kilogrammes  (350  foot-tons.)  The  internal  work  of  the 
heart,  lungs,  &c.,  is  probably  about  the  same.  The  rexnainder  of  the  force  is  directly  evolved 
as  heat.     (See  Animal  Heal, ) 

MtJSIC.  (jtavmcrfiy  from  Mouooi  and  rix^i  ^^7  <urt  over  which  the  muses  presided.)  In  the 
modem  sense  of  the  term,  music  treats  of  the  combination  of  sounds  in  a  manner  agreeable  to 
the  ear.  For  that  part  of  the  theory  of  music  which  treats  of  sounds  produced  in  suooessioii 
with  musical  notation,  pitch,  duration,  and  rhythm,  see  Mdody.  For  the  relation  of  sounds  pro- 
duced simultaneously  with  the  notation  of  musical  chords,  see  Ifarmony;  and  for  the  names  of 
musical  intervals,  and  the  relation  between  the  theories  of  music  and  soimd,  see  Muncal  Interval, 

MUSICAL  INTERVAL. 

D^TWtUm,  Interval  is  a  term  in  music  used  to  designate  the  mutual  relationship  of  sounds 
whid^  differ  in  pitch,  or  are  differently  represoited  on  the  staff.  Thus  since  the  two  sounds 
e-d  differ  in  pitch,  the  relation  between  them  is  an  interval ;  and  the  sounds  &tt-c  also  form  an 
interval,  because,  although  they  are  practically  of  the  same  pitch,  they  occupy  different  positions 
on  the  staff.  Relationship  of  the  latter  kind,  as  they  only  exhibit  a  difference  on  pi^>er,  are 
sometimes  called  pamper  intervaU, 

Naming  of  Intervals,  The  language  of  music  supplies  a  name  for  every  possible  intervaL 
These  names  are  always  twofold,  one  being  primary  and  the  other  secondary.  The  primaiy 
name  is  a  numerical  one,  determined  by  the  number  of  places  or  degrees  (lines  or  spaced  of  the 
staff  embraced  by  the  two  sounds  forming  the  interval.  Two  sounds  standing  upon  the  same 
degree  of  the  sta^  form  the  interval  of  a  prime,  e.g.,     m    jt    0      ^^  HMnkuMIZ     If  the  two 

sounds  occupy  the  same  degree,  and  are  also  of  the  same  pitch,  they  are  said  to  be  in  untson,  or 
to  form  an  unison  or  ptux  prime;  e.g.,  — • — • — .  That  the  unison  does  not  therefore  con- 
stitute an  interval,  will  be  gathered  from  the  above  definition. 

Two  sounds  embracing  two  places  on  the  staff,  e.g.,  — • — ■ —  or  — 9 — • —  form  the  interval 
of  a  second;  three  places  ^  »  *  or  — p-^-* —  a  third;  four  places  ,  4  *  or  •  *  *~ 
tk  fourth,  and  so  on. 

The  musical  staff,  while  it  admirably  adapts  itself  to  the  representation  of  the  musical  tonal 
system  generally,  does  not  coincide  quite  so  closely  as  some  persons  wish  with  the  simple  dia- 
tonic series,  its  successive  degrees  being  all  equidistant,  while  those  of  the  scale  vary,  being  at 
one  time  a  tone,  at  another  a  semitone.  Moreover,  the  tonal  distance  between  two  sounds 
occupying  different  positions  of  the  staff  may  be  increased  or  diminished  simply  by  the  use  of 
'' accidentals,*'  without  changing  the  positions  of  the  notes.  Hence  it  is  dear  that  some  more 
specific  designation  than  that  given  by  the  numerical  name  is  required  in  order  to  determine 
the  extent  of  an  intervaL  Tlus  is  supplied  by  the  secondary  names,  which  are  four  in  number, 
viz.,  major,  minor,  superjluous  or  augmented,  and  diminished  or  imperfect. 

The  first  two  are  used  to  distinguish  the  two  different  sizes  of  intervals  which  are  found  under 
each  numerical  name  (except  the  prime),  in  the  diatonic  series  (major).  Thus  the  second  is  at 
one  time  a  semitone,  at  another  a  tone ;  the  former  are  called  minor  seconds,  the  latter  mqjor. 
Similarly  the  thirds  are  sometimes  a  tone  and  a  half  apart,  at  others  two  tones.  It  is  the  same 
with  ihefourtiis,  fifths,  sixths,  and  sevenths.  There  are  two  sorts  of  each,  differing  by  a  semi- 
tone, the  smaller  being  called  minor,  the  larger  major. 

Intervals  that  are  one  semitone  less  than  the  minor  interval  of  the  same  numerical  name  ai« 
said  to  be  diminished  or  imperfect ;  thus  cs — ev  is  a  diminished  third,  being  one  semitone  less  than 
the  minor  third  0 — eb.  Intervals  that  are  one  semitone  larger  than  the  major  intervals  of  the 
same  numerical  name,  are  called  suptrfiwus  or  a%iifgm,enled.  Thus  0^  being  a  nyajorffth^  ^"^^j^ 
Sk  svpevfiwms  ffihm 
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SnperfluotiB  and  diminished  interralB  may  occur  imder  each  numerical  name  except  the 
prime,  of  which  there  is  no  diminished  speciesy  the  intervals  o — cjt  and  &— cb  being  both  termed 
9upeijlu(m»  primes. 

Intervals  that  are  more  than  one  semitone  larger  than  the  major,  or  smaller  than  the  minor, 
are  termed  respectivelyciou^y  supetfiuous  anddmtbly  diminUhed;  e.g,y  c —  x  eb  is  a  doMy  dimir 
nithed  third,  and  cv — ^  is  a  doubly  tuperfiuoiu  fifth. 

The  above  simple  method  of  distinguishing  intervals  is  not  the  one  usually  followed  in  the 
case  of  XhA  fourth  koiI  fifth.  Thus  the  four^/-&,  consisting  of  thrte  t<met,  which,  according  to 
the  above  method,  is  caJled  major,  is  by  some  writers  called  svpenfiuous,  and  by  others  pluperfect 
or  tritone,  the  smaller  species,  e.ff.,  cf  (two-and-arhalf  tones)  being  called  perfect  by  some,  and  by 
others,  oddly  enough,  the  major  fourth. 

Similarly  with  the  fifths,  the  fifth  bf — containing  two  tones  and  two  semitones — and  called 
by  the  above  method  the  TtUiiOT  fifth,  is  more  frequently  known  as  the  imperfect  or  diminithed 
fifth;  the  other  species  of  diatonic  fifth,  e.^.,  c^ — containing  three  tones  and  one  semitone — 
being  called  the  perfect  fifth. 

These  various  designations  of  the  diatonic  fourths  and  fifths  have  arisen  from  an  endeavour 
to  express  by  its  name  something  more  than  the  mere  the  of  these  intervals,  as,  for  example, 
their  harmonic  character.  The  larger  species  of  fifth  o^,  and  the  smaller  species  of  fourth  e-f, 
are  known,  according  to  an  old  and  nearly  obsolete  classification  of  intervals  into  concords  and 
discords,  as  two  of  the  perfect  concords.  The  term  perfect  being  given  to  them,  the  other 
secondary  terms  were  rendeared  necessary  in  order  to  distinguish  the  remaining  species  of  the 
same  intervals  in  the  diatonic  series.  It  will  be  shown,  however,  further  on,  that  these  so-called 
perfect  fifths  and  fourths  are  not  in  practice  made  absolutely  perfect,  so  that  the  application  of 
the  term,  and  consequently  of  the  oUiers  which  it  renders  necessary^  cannot  be  maintained  on 
the  score  of  correctness,  and  as  they  serve  greatly  to  perplex  the  learner,  by  throwing  an  air  of 
mystery  and  profundity  about  what  is  after  all  only  a  very  simple  and  non-essenti^  technical 
detaO,  it  would  be  well  if  they  were  abolished.  All  that  is  really  required  in  a  system  of  names 
is  that  it  shall  enable  us  to  distinguish  one  interval  from  another.  The  terms  major  and  minor, 
as  we  have  used  them,  together  with  the  other  terms  superfluous  and  diminished,  enable  us  to 
do  this,  and  as  they  apply  with  equal  appropriateness  to  intervals  of  every  degree,  they  supply 
a  series  of  secondary  names  that  is  at  once  uniform  and  easily  understood. 

In  naming  an  interval  the  rule  is  to  name  the  lower  sound  first,  and  to  reckon  upwards.  If 
the  opposite  plan  is  adopted,  it  is  customary  to  add  the  term  under  or  downwards;  e.g.,  a  is 
said  to  be  the  under  third  from  c,  or  the  third  from  c  downwards^  the  third  from  c  being  ordi- 
narily understood  to  signify  the  note  e. 

Inversion.  When  the  lower  sound  of  an  interval  is  raised,  or  its  upper  sound  is  lowered  to 
the  extent  of  an  octave,  the  interval  is  said  to  be  inverted,  and  the  reseating  interval  is  called  the 
invenion  of  the  original  one. 

By  inversion,  primes  become  octaves. 
„  seconds      „       sevenths. 

„  thirds        „       sixths. 

„  fourths      „       fifths. 

Moreover,  by  inversion,  major  intervals  become  minor. 
„  minor  ,,  major. 

„  superfluous       „  diminished. 

„  diminished       „  superfluous. 

Equivoeal  Intervals.  A  comparison  of  the  tonal  extent  of  different  intervals  shows  that  one  and 
the  same  tonal  distance  may  occur  under  two  or  more  names.  All  such  intervals  are  said  to  be 
equivocal.  Thus  the  tonal  distance  of  one  semitone  at  one  time  appears  as  a  supaifiuous  prime 
c — cjjL  at  another  as  a  minor  second  e^d  b.  This  equivocalness  of  intervals  arises  from  the  peculiar 
diaracter  of  musical  notation.  It  is  by  no  means,  however,  a  defect  of  that  notation,  for  by  it 
the  scale  to  which  an  interval  belongs  is  more  easily  determined,  and  by  the  ready  means  it 
affords  in  harmony  of  making  transitions  from  one  scale  to  another  it  is  the  souroe  of  many  very 
pleasing  harmonic  effects,  which  probably  might  not  have  been  discovered  but  for  the  exist- 
ence of  this  equivocalness. 

The  particular  instance  quoted  above,  viz.,  ^~~^jf  ^"^^  c^db,  has  given  rise  to  the  introduction  of 
two  technical  terms  into  the  language  of  intervals  whidi  require  notice.  The  superfluous  prime 
c— ejL  inasmudi  as  it  cannot  be  represented  without  the  use  of  a  chromatic  sign,  is  called  the 
chromatic  semitone,  whereas  the  minor  second  e— <£b,  as  it  oocuxs  in  some  diatonic  series  (e.g.,  in 
scales  of  Db,  £b,  Ab,  &c.),  is  odled  the  diatonic  semitone. 

Intervals  vuxthemaHoaUy  considered.    In  the  foregoing  treatment  of  our  lobject  the  semitone 
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is  considered  the  smaL^d.^  musical  interval,  the  octaye  being  divided  into  twelve  such  intervaLs^ 
and  the  major  scale  series  consisting  of  seven  sounds  succeeding  each  other  by  the  well-known 
order  of 

Tone,  Tone,  Semitone,  Tone,  Tone,  Tone,  Semitone^ 

the  tones  being  in  each  case  exactly  double  the  size  of  the  semitones. 

This  is  in  fact  a  correct  description  of  the  system  of  soirnds  in  use  amongst  practical  mosi- 
dans,  and  for  practical  purposes  simply  we  might  stop  here.  But  when  the  scientific  basis  of 
the  scale  is  examined,  it  is  found  that  this  relation  of  the  intervals  does  not  exactly  coincide 
with  the  natural  relation. 

All  sounds  are  produced  by  the  vibrations  of  bodies,  and  as  by  varying  the  rate  of  vibration, 
or,  which  is  the  same  thing,  the  length  of  the  vibrating  body,  sounds  are  altered  in  pitch,  it  will 
be  seen  at  a  glance  that  the  figures  expressing  the  rate  of  vibration,  or  the  length  of  the  soxmd- 
producing  body,  afford  a  convenient  mode  of  expressing  the  relation  of  sounds  more  exact  and 
intelligible  than  the  ordinary  and  somewhat  vague  notation  employed  in  music. 

It  is  found  from  the  monochord  (see  Monockard),  that  whatever  sound  is  produced  when  the 
whole  string  is  made  to  vibrate,  the  octave  of  that  sound  is  produced  when  half  the  length  of  the 
string  only  is  made  to  vibrate.     Hence  a  note  is  said  to  be  related  to  its  octave  in  the  ratio  1:4. 

Again,  if  two-thirdt  of  the  string  be  made  to  vibrate  the  fifth,  the  major — or  so-called  perfect 
fifth— is  produced.    So  that  a  key-note  is  related  to  its  fifth  by  the  ratio  I  :  |. 

In  the  same  way  the  fourth — ^the  minor  or  so-called  perfect  fourth — ^is  found  to  be  produced 
by  three-fourths  of  the  string.    A  key-note  is  to  its  fourth  sound  therefore  as  I :  f . 

Still  further,  the  major  ^rd  is  foimd  to  be  produced  by  four^fifths  of  the  string,  hence  its 
relationship  to  the  key-note  is  represented  by  the  ratio  ^ :  i. 

By  combining  the  above  ratios,  the  lengths  of  string  required  to  produce  the  remaining  sounds 
of  the  scale  may  be  obtained,  llius  the  sixth  being  a  major  third  above  the  fourth,  is  found  by 
the  proportion  asi:|^::-|  =  -^  =  |=  the  sixth  major. 

The  seventh  being  a  major  third  above  the  fifth,  is  found  by  similarly  combining  the  ratios 
f  and  ^  =  tV. 

The  second  being  a  minor  (perfect)  fourth  below  the  fifth,  may  be  found  by  combining  the 
ratios  ^ :  i :  :  |  =  ^. 

In  this  way  a  fractional  expression  is  obtained  for  all  the  sounds  of  the  scale,  viz.  : — 


Do 

Be 

Mi 

Fa 

Sol 

La 

Si 

Do 

I 

i 

t 

i 

1 

i 

A 

i 

The  fractions  represent  not  only  the  proportionate  lengths  of  string  required  to  produce  the 
various  sounds,  but  also  the  relative  speed  of  the  vibrations.  Thus  for  the  fifth  of  the  ecale  the 
three  vibrations  should  take  place  in  the  time  of  two  of  those  of  the  key-note.  For  the  fourtii, 
four  vibrations  should  take  place  in  the  time  of  three  of  the  key-note,  and  so  on.  If  we  call 
the  note  produced  by  512  vibrations  per  second  G,  the  numbers  of  vibrations  of  the  notes  of  the 
scale  commencing  with  C,  will  be  as  follows  : — 

ODEFGABC 

512         576       640         680         768         856       960        1024 

These  numbers  have  the  ratios  indicated  above.  If  it  be  asked  what  notes  of  the  scale  will 
chord  most  completely  when  sounded  simultaneously,  we  have  but  to  select  those  represented 
by  the  simplest  ratio,  as,  for  example,  1st  C  and  0'  or  Do  and  Do,  2nd  C  and  G,  or  Do  and 
Sol ;  3d  C  and  F  or  Do  and  Fa,  and  so  on. 

Let  us  now  see  how  the  system  of  scale  used  in  the  musical  art  adapts  itself  to  the  natural 
scale.  First  let  us  compare  with  it  the  series  of  equal  semitones  by  reducing  the  above  frao" 
tions  to  whole  numbers  having  the  same  ratios,  and  placing  them  side  by  side  with  similar 
numbers  corresponding  to  the  series  of  mean  semitones.  This  may  be  done  by  representing  the 
length  of  string  which  will  produce  the  first  by  360,  then  the  other  lengths  will  be — 

Do  Be  Mi  Fa  Sol  La  Si  Do 

360  320  288  270  240  216  192  180 

The  interval  360-180  may  be  divided  into  12  equal  parts  such  that  the  ratio  of  any  two  ia 
constant  thus : — Let  x  be  the  fraction  which  must  multiply  each  number  to  give  that  of  the  semi- 
tone above.  When  the  operation  is  repeated  12  times,  the  360  is  reduced  to  180,  therefore 
360  X  x^'  =  180.  From  this  we  obtain  x  =  '943875,  360  x  -9438  =  339795»  *^  number 
multiplied  by  '9438  gives  320724,  and  so  on.  The  table  of  mean  semitones  is  therefore  aa 
follows  :-^ 
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Mean  Semitones. 

Len^a  of  String  for  the 
Mean  Semitonei. 

Length!  of  String  for  the 
Natural  Notes. 

Key-note  . 

•                 360*000 

360  s=s  Key-note. 

I  St.  Semitone    < 

33979S 

2nd.      „ 

320724 

320  =  Second. 

3d. 

302723 

4th.       „ 

285732 

!        288  =  Third. 

5th.       „ 

269*695 

270  =  Fourth. 

6th.       „ 

254-558              ^        . 

7th.      „ 

240771 

240  =  Fifth. 

8th.       „ 

226786 

9th.       „ 

214057 

216  «■  Sixth. 

lOth.              ,y                                    • 

202*043 

r 

I  ith.     „ 

»               •               < 

190703 

192  =  Seventh. 

12th.  or  Octave, 

T^ xVf^  a±. Al_ 

-     •       4.-                    J. 

iSo'ooo 

•a            _            J            M  J.1-  _          _  1              1               * 

180  =  Octave. 

By  thiB  it  appears  the  intermediate  sonnds  of  the  natoral  scale  are  produced  by  strings  a  trifle 
shorter  than  those  which  produce  the  nearest  approximating  sounds  on  the  series  of  mean  semi- 
tones, and  that  consequently  the  latter  are  a  trifle  more  or  less  lou>er  in  pitch. 

These  differences  appear  still  more  obvious  when  the  intervals  of  the  natural  scale  are  ex- 
pressed in  mean  semitojies  reckoned  from  the  key-note  to  each.    Thus — 


Intervals  in  Mean 
Semitone. 

Consecntlyo 
Intervals. 

Key-note  from  key-note, 
Second,           „                 < 

•        0*0000 
20391 

1 

=  20391. 

Third, 

n 

38631 

} 

=  1*8240. 

Fourth, 

n                   « 

.        4-9804 

' 

-  rii73- 

Fifth, 

n                    < 

7-0195 

) 

=  2*0391. 

Sixth, 

n 

8-8436 

, 

=«  1-8241. 

Seventh, 

n                   < 

.       10-8827 

' 

=  20391. 

Eighth, 

n 

\                 • 

12-0000 

} 

=  11173- 

This  shows  that  the  gradations  of  the  natural  scale,  measured  in  mean  semitones,  are  of 
three  different  sizes,  viz. :-~ 

2X)39i,    I  -8340,  and  I  '1 173. 

These  are  called  respectively  the  ma^^  ^^^^  ^^  minor  tone  and  the  limma.  The  difference 
between  the  major  and  minor  tone  is  '2151  of  a  mean  semitone,  and  is  called  a  comma.  The 
order  of  the  intervals  of  the  natural  scale  is,  therefore,  as  follows  when  t  s  major  tone,  t^  the 
minor  tone,  and  0  the  limma : — 


0 


E  F 

0 


B  G 

0 


Suppose  an  instrument  like  the  pianoforte,  harp,  or  organ  were  provided  with  strings  tuned 
for  one  such  scale,  say  the  scale  of  C.  Then  let  it  be  required  to  play  over  the  scale  upon  any 
one  of  its  sounds,  say  upon  its  dominant  G.  We  should  find  that  the  first  interval  g-a  is  a  <, 
whereas  it  should  be  a  t^  For  the  A  of  the  key  of  6,  therefore,  a  string  would  be  required  one 
comma  higher  than  the  A  of  the  key  of  0.  By  pursuing  this  experiment  it  would  be  found  that 
in  order  to  supply  the  musician  with  a  similarly  perfect  scale  upon  every  sound  he  employs,  an 
almost  infinite  number  of  strings  would  be  required.  This  would  render  the  mechanism  of 
keyed  instruments  so  complex,  that  if  it  were  possible  to  arrive  at  absolute  perfection  in  their 
construction  and  tuning,  it  would  be  next  to  impossible  to  play  upon  them.  Again  the  human 
ear  is  not  capable  of  distinguishing  such  infinitesimal  differences  in  the  pitch  of  sounds  as  those 
existing  between  the  sounds  of  the  natural  scale  and  those  of  the  more  artificial  one  obtained 
from  the  series  of  mean  semitones.  Hence  it  is  that  practical  musicians  content  themselves 
with  the  latter  simple  division  of  the  octave  on  each  sound  of  which  an  equal  scale  may  be 
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based.  For  though  none  of  these  scales  are  absolutely  perfect,  mathematically  considered,  the 
imperfections  are  too  slight  either  to  affect  the  melody  of  their  intervals  or  the  agreeableness  of 
their  harmonic  combinations. 

MUSICAL  SCALE.     See  OamtU. 

MUSTAICD,  OIL  OF.    See  Allyl  AlccM. 

N 

NADIR,    f Arabic.)    The  point  of  the  celestial  sphere  vertically  beneath  the  observer. 

NAPHTHA.  (Persian  ;  Arabic,  Naftk,  Nafaika,  to  boil.)  Tlus  word  is  applied  to  many 
liquids  somewhat  similar  in  physical  properties,  but  diffenng  chemically.  It  was  originally 
used  to  designate  inflammable  liquids  issuing  from  the  earth  in  certain  countries,  but  it  has 
since  been  allowed  to  include  most  of  the  lighter  and  more  volatile  inflammable  liquids  obtained 
by  destructive  distillation  or  from  mineral  oils.  Coal  naphtha  consists  in  a  great  measure  of 
commercial  benzol  and  its  homologues.  Mineral  naphtha  or  petroleum  oil  is  a  complicated  mix- 
ture of  hydrocarbons,  consisting  ahnost  entirely  of  the  series  of  alcoholic  hydrides.  Wood  naph- 
tha IB  a  name  sometimes  given  to  impure  methylic  alcohol. 

NAPHTHALINE.  An  organic  substance  obtained  as  a  by-product  in  the  manufacture  of 
coal-gas  and  the  distillation  of  naphtha.  It  is  in  the  form  of  brilliant  white  crystalline  scales, 
having  a  strong  odour,  resembling  that  of  coal-gas ;  it  is  insoluble  in  water,  but  readily  so  in 
alcohol,  ether,  and  most  oils.  Composition  C^oHg.  Specific  gravity  1*153  when  solid ;  0*977$ 
when  melted.'  It  readily  sublimes  and  condenses  in  rhombic  plates ;  it  melts  at  175°  F., 
and  boils  at  424°  F.,  although  it  volatilises  slowly  at  the  ordinary  temperature.  Naphtha- 
line is  a  substance  which  has  attracted  the  attention  of  chemists  for  many  years,  as  it  is  obtained 
in  enormous  quantities,  and  is  for  the  most  part  thrown  away.  Becently,  attempts  have  been 
made  to  utilise  it  in  the  numufacture  of  colouring  matters,  and  some  of  its  compounds  and 
derivatives  appear  likely  to  be  of  commercial  importance  in  this  respect.  Its  derivatives  and 
products  of  decomposition  are  exceedingly  numerous  and  complicated,  and  they  have  been  the 
subject  of  examination  by  many  eminent  chemists.  A  mere  list  of  the  names  of  these  sub- 
stances would  fill  several  pages. 

NAPHTHYLAMINE.  An  organic  base  prepared  from  naphthaline.  It  consists  of  fine 
yellowish  white  crystalline  needles,  and  has  a  most  disgusting  odour.  Composition  C^qH^N. 
It  forms  well  defined  crystalline  salts,  with  acids,  and  some  of  its.compoTmds  and  products 
of  decomposition  are  likely  to  be  of  great  commercial  value  as  colouring  matter.  By  acting  on 
its  hydrochlorate  with  nitrite  and  hydrate  of  potassium,  a  compound  is  produced  which  has  been 
call^  azodinaphthyldiaminef  which  czystallises  in  splendid  needles,  having  a  bright  green  met- 
allic reflection.  It  melts  to  a  blood-red  liquid,  and  colours  boiling  water  yellow.  Acids  colour 
the  solutions  deep  violet,  forming  salts  which  crystallise  with  very  brilliant  colours.  This  base 
and  its  compounds,  or  derivatives,  are  met  with  in  commerce  under  various  names  as  colouring 
matters. 

NARCOTINE.  An  alkaloid  contained  in  opium  to  the  extent  of  6  or  8  per  cent ;  it  crys- 
tallises in  colourless  transparent  prisms,  insoluble  in  cold  water,  and  only  sligntly  so  in  hot ;  it 
is  dissolved  by  alcohol  and  ether,  although  not  freely.  Formula  C2tH2sN07.  It  is  a  strong 
narcotic,  although  not  so  powerful  as  morphia.  Narcotine  was  the  subject  of  some  elaborate 
investigations  by  Br.  Matthiessen,  who  xoade  some  important  diBCOveries  respecting  its  000- 
Btitution. 

NATH.     (Arabic.)    The  star  8  of  the  constellation  Taurus. 

NAUTICAL  ALMANAC.     See  EphemerU, 

NAUTICAL  ASTRONOMY.  This  term  has  been  used  to  describe  tho3e  parts  of  astronomy 
which  bear  in  an  especial  manner  on  navigation,  as  the  rules  for  determining  longitude  and 
latitude,  and  the  like. 

NEBULA.  (Cloudlets.)  The  name  given  by  astronomers  to  those  celestial  objects  which 
present  a  cloudy  appearance.  There  is  some  difference  of  opinion  as  to  the  exact  use  of  the 
term,  some  astronomers  limiting  the  name  nebula  to  those  celestial  objects  which  cannot  be  or 
have  not  been  resolved  into  discrete  stars,  while  others  include  under  the  name  all  objects 
which,  under  any  telescopic  power,  whether  great  or  small,  present  a  nebulous  aspect.  Accord- 
ing to  this  latter  usage,  all  star  clusters  not  resolvable  (even  in  part)  by  the  naked  eye,  would 
be  classed  as  nebulse.  As  the  question  of  the  real  resolvability  of  a  group  ia  not  easily  deter- 
minable, it  is  perhaps  better  that  the  word  nebula  should  be  kept  as  a  convenient  genenJ  term, 
applicable  according  to  the  latter  of  the  above  usages. 

The  ancients  recognised  only  five  nebulous  patches  on  the  heavens.    It  was  not  until  after 
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the  invention  of  the  telescope  that  astronomers  began  to  notice  the  existence  of  many  objects 
of  this  class  in  the  sidereal  depths  ;  and,  indeed,  even  then,  many  years  elapsed  before  the  real 
importance  of  the  search  for  nebulse  was  recognised.  When  Messier  began  to  form  the  Ust  of 
103  nebulae  with  which  his  name  is  associated^  more  southern  than  northern  nebulse  were  known, 
the  labours  of  Lacaille  having  resulted  in  the  discovery  of  several  of  these  objects  in  the 
southern  heavens.  But  even  Messier's  list  must  be  regai^ded  as  utterly  meagre  when  brought 
into  comparison  with  the  series  of  discoveries  effected  by  Sir  WilUaon  HerscheL  He  sent  in 
list  after  list  of  nebulse  to  the  Royal  Society,  the  objects  in  each  Ust  being  counted  by  hundreds. 
So  that  at  the  close  of  his  labours  in  this  department  of  astronomy  about  2500  nebulas  had  been 
added  to  the  catalogue  of  known  objects.  His  son,  Sir  John  Herschel,  proved  a  worthy  sue- 
cessor  in  these  arduous  labours.  After  undertaking  a  complete  revision  of  his  father's  obser- 
vations, during  the  course  of  which  he  discovered  500  new  nebulas,  he  proceeded  to  the  South 
Cape  and  commenced  the  survey  of  the  southern  heavens.  During  this  survey  he  discovered 
about  1 700  southern  nebulsB,  and  reobeerved  many  others.  Besides  the  nebulas  discovered  by 
these  two  eminent  astronomers,  a  few  hundreds  have  been  detected  by  other  observers.  The 
noble  catalogue  formed  by  Sir  John  Herschel  includes  yearly  all  that  have  been  detected,  the 
few  which  remain  uncatalogued  bringing  up  the  total  perhaps  to  5600  or  5700  objects  of  this 
class.  So  that  if  all  the  discovered  nebulas  could  be  seen  at  once,  they  would  be  spread  over  the 
heavens  about  as  richly  as  the  stars  visible  to  the  naked  eye. 

Claanficaiian  of  the  Ndmke, — Sir  John  Herschel  thus  presents  his  father's  classification  of  the 
nebuhe : — 

1st.  Clusters  of  stars  in  which  the  stars  are  clearly  distinguishable,  these  clusters  being  again 
divided  into  globtilar  and  irregular  dusters. 

2d.  Kesolvable  nebulas,  or  such  as  excite  a  suspicion  that  they  consist  of  stars,  and  which  any 
Increase  of  the  optical  power  of  the  telescope  employed  may  beexpected  to  resolve  into  distinct  stars. 

3d.  Nebulas,  properly  so  called,  in  which  there  is  no  appearance  whatever  of  stars ;  which 
again  have  been  subdivided  into  subordiuate  classes,  aooording  to  their  brightness  and  size. 

4th.  Planetary  nebulas. 

5th.  Stellar  nebulas ;  and 

6th.  Nebulous  stars. 

ZHstribution  of  the  Nebulas, — Sir  William  Herschel  noticed,  during  the  progress  of  his  survey, 
that  the  nebulas  are  not  distributed  at  random  over  the  heavens,  but  exhibit  a  "  marked  prefer- 
ence for  a  certain  district,  extending  over  the  northern  pole  of  the  Gralactio  circle,  and  occupy- 
ing the  constellations  Leo,  Leo  Minor, 'the  body,  tail,  and  hind  legs  oi  Ursa  Major,  Canes 
Venatici,  Coma  Berenices,  the  preceding  leg  of  Bootes,  and  the  head,  wings,  and  shoulder  of 
Virgo."  "  In  this  region,"  adds  Sir  John  Herschel,  "  occupying  but  about  one-eighth  of  the 
whole  surface  of  the  sphere,  one-third  of  the  entire  nebulous  contents  of  the  heavens  are  con- 
gregated. On  the  other  hand,  they  are  very  sparingly  scattered  over  the  constellations  Aries, 
Taurus ;  the  head  and  shoulders  of  Orion,  JPerseus,  Camelopardalis,  Draco,  Hercules,  tho  nor- 
thern part  of  Serpentarius,  the  tail  of  Serpens,  that  of  Aquila^  and  the  whole  of  Lyra."  In  the 
southern  heavens  a  somewhat  more  uniform  arrangement  exists,  except  where  the  nebulas  oon- 
gr^;ate  within  the  limits  of  the  Magellanic  Clouds,  where  an  even  greater  richness  of  distribu- 
tion prevails  than  in  Viigo  on  the  northern,  heavens. 

Sir  John  Herschel  was  the  first  to  suggest  the  exhibition  of  the  minntifls  of  nebular  distriba* 
tion  by  means  of  a  process  of  isographic  charting,  and  he  invented  a  plan  of  charting  for  the 
purpose.  The  present  writer  distributing  the  nebulas  over  such  a  chart,  in  accordance  with  their 
actual  distribution  over  the  heavens,  has  been  led  to  recognise  the  existence  of  streams  of  nebulas 
over  parts  of  the  southern  heavens  corresponding  to  the  two  remarkable  star  streams  compared 
by  the  ancients  to  the  river  Eridanus,  and  to  a  stream  of  water  from  the  can  of  Aquarius.  In 
the  charts  exhibiting  this  feature,  only  the  nebulas  indnded  in  Sir  John  Herschers  earlier 
lists  were  introduced.  But  Mr.  Cleveland  Abbe  having  arranged,  in  a  suitable  manner,  the 
nebulas  belonging  to  Sir  John  Hersohel's  more  complete  list,  separating  the  objects  dassed  by 
Sir  William  Herschel  as  nebulse,  properly  so  called,  from  clusters,  &c.,  the  present  writer 
availed  himself  of  the  opportunity  to  form  new  charts,  not  only  on  the  polar  isographic  projec- 
tion of  Sir  John  Herschd's,  but  on  two  equatorial  isogn^thio  projections.  It  was  interesting  to 
notice  how  oompletdy  the  evidence  given  by  the  diart  formed  from  this  full  list  corresponded 
with  the  evidence  given  by  the  former  chart — MowOdy  NoUca  of  tk€  Aitronamical  Socklty^ 
Tol.  xxix. 

The  general  conduBions  resulting  from  these  charts  are  that — 

1.  The  nebula)  show  a  marked  avoidance  of  the  galactic  sone. 

2.  The  northern  nebobB  fonn  a  somewhat  irregular  gioap,  with  but  faint  indicatiofia  of  ftream 
fannfttioiu 
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3.  The  nebuls  in  the  southern  heftvens  show  a  tendency  to  gather  into  streams  with  rich  ex- 
tremities— ^the  very  converse  of  the  northern  arrangement^  the  borders  of  the  great  northern 
cluster  being  sparsely  strewn  with  nebulae. 

4.  The  southern  streams  of  nebula)  converge  upon  the  Magellanic  douds. 

These  laws  apply  to  the  "  nebula  properly  so^salled  "  of  Sir  William  Herschel.  Clusters,  on 
the  other  hand,  as  also  planetary  nebuLe,  and  irregular  nebulas  (presently  to  be  further  con- 
sidered)  show  a  preference  for  the  Milky  Way  as  marked  almost  as  the  avoidaTice  of  this  zone  in 
the  case  of  irresolvable  nebulae.  And,  further,  it  is  noteworthy  that  taking  the  nebulae  in 
classes  according  to  their  resolvability,  we  find,  with  gradually  diminishing  resolvabiUty,  a 
gradually  diminishing  preference  for  the  Milky  Way,  then  neutral  dispersion,  and  finally  a 
gradually  increasing  avoidance  of  that  zone. 

It  is  difficult  to  explain  these  relations  on  any  theory  which  does  pot  include  the  nebulae  of 
all  orders  as  part  and  parcel  of  the  sidereal  system.  Sir  William  Herschel,  indeed,  was  long 
since  led  to  speak  indirectly  in  favour  of  such  an  association,  when  he  remarked  that  any  theoiy 
of  the  universe  to  be  complete  must  take  into  account  the  withdrawal  of  the  nebulae  from  the 
galactic  zone.  In  thus  implying  his  belief  that  that  withdrawal  is  not  accidental,  he  was  in 
effect  implying  a  real  association  between  the  sidereal  and  nebular  systems. 

Irregular  and  Globular  Clusters  of  Start.  These  objects  differ  much  in  character.  Amongst 
the  irregular  clusters  we  find  many  degrees  of  richness.  But  they  are  for  the  most  part  less 
condensed  than  globular  clusters ;  and  they  fail  especially  to  show  marked  signs  of  central  con- 
densation. *'  Sir  WUliam  Herschel,"  says  his  son,  *'  regards  them  as  globular  clusters  in  a  less 
advanced  stage  of  condensation,  conceiving  all  such  groups  as  approaching  by  their  mutual  at- 
traction to  a  globular  figure,  and  assembling  themselves  together  from  all  the  surroundiug 
region,  under  laws  of  which  we  have,  it  is  true,  no  other  proof  than  the  observance  of  a  grada- 
tion by  which  their  characters  shade  into  one  another,  bo  that  it  is  impossible  to  say  where  one 
species  ends  or  the  other  begins." 

JResolvaUe  Nebula,  These  objects  differ  from  clusters  in  having  generally  no  visible  outlying 
branches.  These  appendages  we  are  not  to  consider  as  necessarily  non-existent,  even  where  the 
most  powerful  telescope  fails  to  reveal  them.  As  Sir  John  Herschel  justly  remarks,  "  It  is 
under  the  appearance  of  objects  of  this  character  that  all  the  greater  globular  clusters  exhibit 
themselves  in  telescopes  of  insufficient  optical  power  to  show  them  well ;  and  the  conclusion  is 
obvious,  that  those  which  the  most  powerful  can  barely  render  resolvable,  and  even  those 
which,  with  such  powers  as  are  usually  applied  show  no  sign  of  being  composed  of  stars,  would 
be  completely  resolved  by  a  further  increase  of  optical  power.  In  fact  this  probability  has 
almost  been  converted  into  a  certainty  by  the  magnificent  reflecting  telescope  constructed  by 
Lord  Bosse,  which  has  resolved  or  rendered  resolvable  multitudes  of  nebulae  which  had 
resisted  all  inferior  powers."  Most  of  the  resolvable  nebulae  are  circular  in  form,  and  it  is  a 
most  striking  circumstance  that  nearly  all  oval  nebulae  are  much  more  difficult  to  resolve  than 
circular  ones,  so  that  most  of  the  irreaolvabU  nebvlcB  next  to  be  considered  exhibit  this  peculiarity 
of  figure. 

Irresolvable  NebuJUz,  These  objects  form  the  most  remarkable  of  aU  the  orders  of  nebulae. 
They  include  three  principal  varieties  of  form,  eUiptic^  spiral^  and  irregular.  But  the  irregular 
nebulse,  though  forming  a  sub-division  of  the  irresolvable  nebulae,  require  to  be  classed  separately 
on  account  of  the  striking  peculiarities  which  distinguish  them  from  other  irresolvable  objects. 
The  oval  nebulae  are  of  all  orders  of  ellipticity,  down  to  a  spindle-shaped  or  even  linear  figure. 
They  all  exhibit  a  greater  or  less  degree  of  condensation  towards  the  centre  ;  and  it  is  further 
noteworthy  that  '*  the  internal  strata  approach  more  nearly  than  the  external  to  the  spherical 
form.'*  Annular  nebulae  are  "  among  the  rarest  objects  in  the  heavens."  They  consist  of  a 
ring  of  light,  having  a  dark  centre.  A  remarkable  object  of  this  class  lies  about  midway  be- 
tween the  stars  /9  and  7  Lyrae.  The  ring  is  slightly  elliptical ;  and  in  telescopes  of  great  power 
the  dark  space  within  the  ring  is  seen  to  be  in  reality  filled  with  a  very  faint  light.  Other 
ring  nebulae  have  a  very  elongated  figure,  the  vacuity  appearing  so  narrow  as  to  resemble  a  dark 
line. 

Planetary  NebuLce.  These  are  among  the  most  remarkable  objects  in  the  heavens.  They 
present  a  disc  of  faint  light,  the  outline  of  the  disc  being  sometimes  defined  with  singular  cleaz^ 
ness,  at  others  slightly  softened  off.  The  light  of  the  disc  is  sometimes  uniform,  while  in  other 
cases  a  peculiar  imiform  mottling  or  curdling  can  be'  recognised.  There  are  but  few  of  these 
objects  in  the  heavens,  only  about  25  having  been  yet  d&overed ;  and  of  these  three-fourths 
are  in  the  southern  heavens.  Sir  John  Herschel  remarks  on  the  blue  colour  of  some  of  these 
objects,  a  peculiarity  accounted  for  by  the  appearance  of  the  spectra  of  those  planetary  nebulae 
which  have  hitherto  been  submitted  to  spectroscopic  analysis.  Sir  John  Herschel  remarks  re- 
specting one  of  the  largest  of  the  planetary  nebulae  (situated  not  far  from  the  star  /3  Ursso 
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Majoris)  that  "its  apparent  diameter  is  2'  40^,  which,  Bupposing  it  placed  at  a  distance  from  iib 
not  more  than  that  of  the  star  61  Cjgni,  would  imply  a  linear  diameter  seven  times  greater 
than  that  of  the  orbit  of  Neptune.  The  light  of  this  stupendous  globe,"  he  adds,  **  is  p^ectly 
equable  (except  just  at  the  edge,  where  it  is  slightly  softened)  and  of  considerable  brightness. 
Such  an  appearance  would  not  be  presented  by  a  globular  space  uniformly  filled  with  stars  or 
luminous  matter,  which  structare  would  necessarily  give  rise  to  an  apparent  increase  of  bright- 
ness towards  the  centre  in  proportion  to  the  thickness  traversed  by  the  visual  ray.  We  mighty 
therefore,  be  inclined  to  conclude  its  real  constitution  to  be  either  that  of  a  hollow  spherical 
shell  or  of  a  flat  disc,  presented  to  us  (by  a  highly  improbable  coincidence)  in  a  plane  precisely 
perpendicular  to  the  visual  ray."  The  researches  made  with  the  great  Bosse  telescope  gives  to 
the  planetary  nebuls  an  aspect  altogether  different  from  the  motded  or  uniform  discs  seen  by 
the  Herschels.  The  whole  surface  of  the  disc  is  traversed  by  strange  branches  and  sprays  of 
faint  light,  giving  to  the  disc  in  one  instance  an  appearance  somewhat  resembling  the  face  of 
some  uncouth  monster. 

DovJble  Ndndce.  Such  objects  are  occasionally  to  be  met  with.  In  fact  Sir  John  Herschel 
remarks  that  ^*  all  the  varieties  of  double  stars,  as  to  distance,  position,  and  relative  bright- 
ness, have  their  counterparts  in  double  nebulse ;  besides  which,  the  varieties  of  form,  and 
gradation  of  light  in  the  latter  afford  room  for  combinations  peculiar  to  this  class  of  objects." 
He  expresses  his  opinion  that  the  components  of  these  double  systems  are  beyond  all  question 
physically  associated,  and  he  adds  (what  will  be  admitted  at  once  as  true,  if  only  the  nebulee 
are  indeed  to  be  regarded  as  external  galaxies),  that  "nothing  more  magni6cent  can  be  pre- 
sented to  our  consideration  than  such  combinations.  Their  stupendous  scale,  the  multitude  of 
individuals  they  involve,  the  perfect  symmetry  and  regularity  which  many  of  them  present,  the 
utter  disregard  of  complication  in  thus  heaping  together  system  upon  system,  and  construction 
upon  construction,  leave  us  lost  in  wonder  and  admiration  at  the  evidence  they  afford  of  infinite 
power  and  unfathomable  design." 

Spiral  Nebvlce.  These  objects  now  form  a  class  by  themselves.  Their  true  nature  was  not, 
in  the  first  instance,  recognised.  For  example,  the  nebula  51  Messier,  as  seen  by  Sir  William 
Herschel,  with  an  18-inch  reflector,  presented  the  appearance  of  a  large  bright  globular  nebula, 
very  unequally  bright  in  different  parts,  and  divided  along  about  two-fifths  of  its  circumference 
into  two  laminae,  "  one  of  which  appeared  as  if  turned  up  towards  the  eye  out  of  the  plane  of 
the  rest."  It  was  this  peculiar  appearance  which  led  Sir  William  Herschel  to  regard  this  par- 
ticular nebula  as  a  galaxy  resembling  the  sidereal  system,  to  which  system,  as  we  know,  his  re- 
searches had  led  him  to  assign  the  figure  of  a  cloven  disc.  But  in  the  great  telescope  of  Lord 
Bosse  the  aspect  of  the  object  is  wholly  altered.  What  had  appeared  as  an  upraised  lamina^ 
was  now  found  to  be  the  coil  of  an  enormous  spiral.  Lord  Bosse  detected  sevenJ  other  spirals, 
and  Mr.  Lassell  with  his  fine  four-feet  mirror  at  Malta  has  added  importanUy  to  the  list  of 
these  interesting  objects. 

NehtUous  Stan.  NebulsB  are  often  found  in  dose  association  with  stars.  We  may  find,  for 
example,  a  bright  star  centrally  situated  within  a  circular  nebula,  or  two  bright  stars  apparentiy 
associated  in  as  close  a  manner  with  a  double  nebula,  or  again,  a  pair  of  double  stars  severally 
associated  with  two  well-defined  nebulie  dose  enough  together  to  seem  to  form  a  pair.  It  is 
not  easy  to  regard  such  assodations  as  acddental,  and  accordingly  we  find  that  Sir  William 
Herschel  was  led  to  adopt  with  respect  to  nebulas  of  this  order,  a  theory  wholly  distinct  from 
that  by  means  of  which  he  explained  the  clustering  resolvable  and  irresolvable  nebulae.  He 
regarded  these  objects  as  in  reality  stars  in  process  of  formation,  the  nebulous  matter  gathering 
towards  a  centre,  and  the  whole  object  thus  presenting  the  appearance  of  an  unformed  sun  with 
nebulous  surroundings.  It  seems  difficult,  however,  in  the  present  state  of  our  knowledge  to 
accept  this  view  without  extending  the  law  of  association  to  other  objects,  in  fact  to  nearly  all 
tile  known  orders  of  nebulas,  stellur  or  gaseous. 

Irregular  Nebula.  These  are  perhaps  the  most  remarkable  objects  in  the  heavens.  They  are 
altogether  unlike  all  the  forms  of  nebula  yet  considered,  consisting  apparently  of  fantastic  con- 
volutions and  folds  of  nebulous  matter,  extending  without  any  visible  law  of  arrangement 
throughout  enormous  regions  of  space.  "  No  two  of  them  can  be  said  to  present  any  similarity 
of  figure  or  aspect,"  says  Sir  John  Herschel,  though  one  may  perhaps  make  an  exception  in 
favour  of  the  great  nebula  round  Eta  Argils  and  the  nebula  in  Dorado,  which  certainly  seem 
to  have  some  features  in  common.  With  the  exception  of  the  last-named  nebula,  all  the 
irregular  nebube  lie  in  or  near  the  Milky  Way,  that  which  lies  farthest  from  the  galaxy  being 
the  great  nebula  surrounding  the  sword  handle  of  Orion.  '*  But  this  very  situation,"  says  Sir 
John  Herschel,  **  may  be  adduced  as  a  corroboration  of  the  general  view  which  this  prindple  of 
localisation  sug^^ests.  For  the  place  in  question  is  rituated  in  the  prolongation  of  that  faint 
offset  of  the  StUlky  Way  which  has  been  traced  from  a  and  t  Persei  towards  Aldebaran  «id  the 
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Hyades,  and  also  in  the  zone  of  great  stars  whicli  seems  to  form  an  appendage  of  that 
stratum."  He  adds  that  it  would  seem  to  follow  from  this,  almost  as  a  matter  of  course,  that 
they  must  be  regarded  as  outlying,  very  distant,  and  as  it  were  detached  fragments  of  the  great 
stratum  of  the  galaxy.  Now  it  is  of  extreme  importance  to  notice  that  while,  on  the  one  hand, 
this  view,  that  the  irregular  nebulas  are  associated  with  the  galaxy,  presented  itself  to  so  skilfol 
an  astronomer  as  "almost  a  matter  of  course,"  the  results  of  spectroscopic  analysis  show  that 
the  idea  of  great  distance  associated  by  Sir  John  Herachel  with  these  nebulous  masses  is  not 
consistent  with  what  we  know  of  the  nature  of  their  structure.  We  are  certain  that  whether 
these  masses  are  more  distant  or  not  than  the  stellar  parts  of  the  galaxy,  this  zone  would  not,  as 
Sir  John  goes  on  to  suggest,  by  mere  increase  of  distance,  come  to  exhibit  the  same  charac- 
teristics as  the  irregular  nebulse.  For  the  galactic  masses  would  never  appear  as  gaseous  mnroon 
under  spectroscopic  research,  let  their  distance  be  increased  ever  so  much,  and  it  is  as  gaseous 
masses  that  the  irregular  nebulse  have  come  to  be  regarded.  It  seems,  indeed,  far  more  reason* 
able  to  suppose  with  Sir  William  Herschel  that  the  great  nebula  in  Orion  is  nearer  than  the 
stars  seen  in  the  same  field  of  view  with  it,  than  to  imagine  that  its  nebulous  aspect  is  due  to 
vastness  of  distance.  It  is,  indeed,  well  worthy  of  careful  notice  that  the  irregular  nebulae  are 
found  always  in  association  with  parts  of  the  neavens  where  lucid  stars  are  richly  distributed. 
So  that  it  seems  conceivable  thi^  we  recognise  in  these  regions,  owing  to  their  relative  proximity, 
the  existence  of  matter  which  in  reality  surrounds  also  many  of  the  more  distant  groups  of 
stars.  There  are  four  great  regions  of  irregular  nebulous  matter,  that  of  Orion,  that  of  Aiigo, 
that  of  Cygnus,  and  that  of  Sagittarius,  the  nebulae  belonging  to  the  two  former  regions  beSig 
the  more  remarkable,  though  all  four.groups  present  features  of  special  interest,  and  promise  to 
afford  the  thoughtful  astronomer  information  of  great  value  respecting  the  structure  of  the 
universe. 

The  great  nebula  which  nirrounds  the  star  17  Argds,  merits  a  separate  account,  as  it  exhibits 
ceA*tain  characteristics  whoUy  distinct  from  those  which,  so  far  as  has  yet  been  seen,  belong 
to  other  objects  of  the  same  class.  The  star  with  which  this  nebula  is  associated  is  one  of 
a  very  remarkable  character  (see  Stan^  Temporarily  and  the  nebula  itself  seems  no  less  variable 
than  the  star.  It  may  seem  unduly  speculative  to  assert  that  this  peculiarity,  that  the  meet 
remarkable  variable  star  in  the  heavens  thus  seems  to  be  associated  with  the  most  remarkable 
variable  nebula,  is  of  itself  a  proof  of  real  association.  There  are,  however,  other  signs  of 
association  which  seem  to  confirm  this  view.  We  follow  Sir  John  Herschel's  account  of  the 
position,  and  character  of  the  nebula.  ''  The  whole  is  situated,"  he  tells  us,  *^  in  a  veiy  rich  and 
brilliant  part  of  the  Milky  Way,  so  thickly  strewn  with  stars  that  in  the  area  occupied  by  tho 
nebula  not  less  than  1200  have  been  actually  counted."  Respecting  these  he  asserts  that  they 
have  obviously  no  connection  with  the  nebula,  a  view  which  may  be  regarded  as  fairly  open  to 
question  where  no  proof  in  its  favour  can  (from  the  nature  of  the  case)  be  offered.  Then  he 
proceeds,  "  It  is  not  easy  for  language  to  convey  a  full  impression  of  the  beauty  and  sublimity  of 
the  spectacle  which  this  nebula  offers,  as  it  enters  the  field  of  view  of  a  telescope  fixed  in  right 
ascension,  ushered  in  as  it  is  by  so  glorious  and  innumerable  a  procession  of  stars,  to  which  it 
forms  a  sort  of  dimax."  The  disooveiT  that  the  nebula  is  variable,  and  that  the  variation  is  of 
ft  very  marked  character,  opposes  itself  strikingly  to  Sir  John  Herschel's  conclusion  that  in 
'^  looking  at  the  Argo  nebula  we  see  through  and  beyond  the  Milky  Way,  far  out  into  space 
through  a  starless  region,  disconnecting  it  altogether  with  our  system."  The  scale  on  which 
the  nebula  is  constructed  is  increased  enormously  on  this  view,  and  the  variability  of  the 
nebulous  masses  becomes  a  proportionately  more  amazing  problem.  Thus  M.  Le  Sueur,  of  the 
Melbourne  Observatory,  in  announcing  his  discovery  that  the  nebula  is  really  variable,  expressed 
his  belief  that  it  lies  nearer  to  us  than  the  stars  seen  in  the  same  field  of  view.  More  recentiy, 
however,  finding  that  the  spectrum  of  the  star  Eta  Argts  exhibits  the  same  bright  lines  as  the 
nebula,  he  has  expressed  the  opinion  that  the  star  is  probably  in  some  way  associated  with  the 
nebtda,  a  view  which  the  present  writer  had  put  forward  two  years  before  for  other  reasons. 

Variable  arid  Temporary  Nebula,  Other  nebulae  besides  that  around  the  star  Eta  Argils  have 
been  found  to  be  variable.  Some  nebulae  have,  indeed,  vanished  altogether  from  view.  On 
October  1 1,  1852,  Mr.  Hind  discovered  a  nebula  in  Taurus,  which  had  not  before  been  seen ; 
and  d' Arrest  reK)b8erved  this  nebula  in  1855  and  1856.  But  in  October  3d,  186 1,  d'Arrest 
could  not  find  it.  '^  I  cannot  find  a  trace  of  it,"  he  says,  *' though  it  was  observed  once  and 
again  by  me  in  the  years  1855  and  1856,  and  its  place  four  times  determined."  At  the  close  of 
1861  the  nebula  could  just  be  seen  by  M.  Otto  Strnve,  with  the  great  refractor  of  the  Pulkowa 
Observatory,  and  in  March  1862  it  was  comparatively  a  bright  object.  Another  nebula  waa 
discovered  by  Mr.  Tuttle,  on  September  I,  1859,  which  was  so  brilliant  amd  remarkable  that 
d' Arrest  thinks  it  could  not  possibly  have  been  overlooked  by  the  Herschels  had  it  been  so 
conspicuous  when  they  swept  uie  heavens  with  their  great  reflectors.    In  the  Pleiades^  *'oer> 
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tainly  the  last  place  in  the  heaveiiB,"  says  Sir  John  Herachel,  **  in  which  the  discovery  of  a  new 
nebula  would  hftve  been  expected,"  a  lazge  bright  nebula  was  detected  by  Temped  on  October 
19,  1859.  Mr.  Hind  has  idso  often  suspected  nebulosity  about  some  of  the  outlying  stars  of  the 
Pleiades.  Mr.  Fogson  observed,  on  May  28,  i860,  that  in  the  place  occupied  j>reriou«/y  by  the 
bright  and  very  conspicuous  nebula  80  Messier,  a  star  of  the  seven-eighth  magnitude  had  made 
its  appearance.  On  the  9th  of  May  this  nebula  had  presented  its  ustuJ  aspect.  On  June  loth 
the  stellar  appearance  had  passed  away,  but  the  nebula  was  still  unusually  bright  and  con- 
densed F^fessor  Luther  and  M.  Auwers  had  also  noticed  the  change  as  early  as  May  21st, 
rating  the  stv  then  as  of  the  six-seventh  magnitude.  On  Jime  lotii  the  nebula  had  nearly 
vanished. 

Certainly  such  observations  as  these  lend  little  encouragement  to  the  theozy  that  the  nebule 
are  external  star-systems  resembling  our  own  sidereal  system  in  character. 

NEBULAR  HYPOTHESIS.  A  theory  by  which  Lapbice  endeavoured  to  account  for  the 
principal  features  of  the  solar  system,  as  due  to  a  regular  process  of  development  by  which  that 
system  has  reached  its  present  condition.  The  Newtonian  theory  accounts  for  certain  distino' 
tive  features  of  the  soliur  system,  but  leaves  others  unexplained.  We  can  by  means  of  the  law 
of  gravitation  interpret  &e  fact  that  the  planets  revolve  in  elliptic  orbits,  that  a  line  drawu 
from  any  planet  to  the  sun  traces  out  equal  areas  in  equal  times,  and  that  the  cubes  of  the 
mean  distances  of  the  planets  are  severally  proportional  to  the  squares  of  the  periodic  times. 
But  we  have  no  explanation,  under  the  Newtonian  hypothesis,  of  other  characteristic  peculiar- 
ities of  these  orbital  motions.  Gravity  tells  us  that  the  planetary  orbits,  if  nearly  circular  at 
one  time,  would  continue  so  for  an  indefinite  period,  but  not  how  it  has  come  to  pass  that  they 
are  nearly  circular.  Gravity  tells  us,  again,  that  the  planetary  orbits,  if  at  any  one  time  nearly 
approximating  to  a  single  pluie,  would  continue  to  exhibit  that  peculiarity  for  an  indefinitely  long 
period,  but  not  why  those  orMts  came  to  have  that  special  attribute.  Again,  gravity  does  not 
explain  why  all  the  planets  should  travel  in  one  direction  around  the  sun ;  nor  why  it  should  be 
a  general  diaracteristic  of  the  satellites'  motions  that  they  should  take  place  in  one  direction, 
and  that  direction  the  same  as  that  in  which  the  pUoiets  revolve  around  the  sun ;  nor, 
lastly,  does  gravity  explain  why  the  planets  should  rotate  on  their  axis  in  the  same  direction, 
and  that  dii^ection  still  identical  with  the  direction  of  the  planetaxy  revolutions.  Now,  unless 
we  are  to  assume  the  direct  action  of  a  First  Cause  as  operative  in  the  matter,  we  are  compelled 
by  the  laws  of  probability  to  recognise  the  fact  that  these  relations  indicate  the  operation  of 
law.  Whether  we  are  justified  in  regarding  any  phase  of  the  processes  of  nature  as  representing 
the  direct  action  of  the  Creator,  whether,  in  fact,  the  range  of  our  researches  can  be  expected 
to  indicate  to  us  the  time  when  (in  our  own  system  or  any  other)  such  a  cause  was  in  opera- 
tion, is  a  question  to  which  different  minds  will  give  different  answers.  But  even  those  most 
jealously  anxious  lest  anything  men  may  conclude  should  seem  to  detract  from  a  just  estimate 
of  the  Almighty's  attributes,  will  admit  the  possibility  that  the  action  of  a  First  Cause  is  not 
neceasarily  to  be  associated  with  the  formation  of  the  solar  system,  but  may,  for  anything  we 
can  tell  to  the  contrary,  belong  to  an  antecedent  epoch  infinitely  remote.  Thus  free  to  consider 
at  least  the  possibility  that  the  observed  peculiarities  of  the  solar  system  may  be  due  to  the 
nature  of  the  processes  by  which  it  was  developed  from  some  former  condition,  let  us  consider 
how  far  Laplace's  hypothesis  on  the  subject  serves  to  account  for  the  observed  relations. 

According  to  the  nebular  hypothesis  the  solar  system  originally  consisted  of  a  vast  rotating 
nebulous  globe  extending  far  out  in  space  beyond  the  orbit  even  of  distant  Neptune.  This 
rotating  globe,  parting  with  its  heat,  contracted  gradually  from  its  original  dimensions.  As 
this  process  of  contraction  proceeded  the  rotatory  motion  increased,  and  at  length  became  so 
great  that  the  outermost  parts  were  no  longer  retained  by  their  gravitation  towanls  the  centre. 
Thus  a  Eone  or  ring  of  nebulous  matter  was  thrown  off ;  then  as  the  globe  continued  to  con- 
tract another  zone  was  formed  in  a  similar  manner ;  and  so  the  process  continued,  a  succession 
of  zones  or  rings  being  formed  in  the  equatorial  plane  of  the  rotating  globe.  **  These  zones," 
says  M.  Fontecoulant,  in  expounding  the  views  of  Laplace,  **  must  have  begun  by  circulating 
round  the  sun  in  the  form  of  concentric  rings,  the  most  volatile  molecules  of  which  formed  the 
outer  part  and  the  most  condensed  the  inner.  If  all  the  nebulous  molecules  of  which  these 
rings  are  composed  had  continued  to  cool  without  disuniting,  they  would  have  ended  by  forming 
a  liquid  or  soUd  ring.  But  the  regular  constitution  which  all  parts  of  the  ling  would  require 
for  this  to  happen,  and  which  they  mutt  also  have  retain^  while  cooling,  would  make  thia 
result  extremely  rare."  Generally  a  ring  would  break  into  several  parts,  wldch  would  continue 
to  droulate  round  the  sun  with  almost  equal  velocity.  '^  At  the  same  time  in  consequence  of 
their  separation  they  would  acquire  a  rotatory  motion  round  their  respective  oentres  of  gravity ; 
and  as  the  molecules  of  the  outer  part  of  the  ring,  that  is,  those  farthest  from  the  sun,  would 
have  the  greatest  velocity,  the  resuItiDg  zotatoiy  motion  would  neoeisarily  be  in  the  sama 


NEB  898  NEB 

direction  as  the  orbital  motion."  The  theory  then  goes  on  to  show  how  in  the  majority  of 
instances  the  fragments  of  a  broken  ring  would  ooal«K)e  into  a  single  planet ;  how  it  might 
happen  that  the  several  fragments  would  continue  to  travel  independently  roimd  the  sun  as  in 
the  zone  of  asteroids  ;  while  the  rings  of  Saturn  are  regarded,  according  to  this  theory,  as  the 
solitary  instance  in  which  a  ring  (in  this  case  belonging  to  a  subordinate  contracting  nebulous 
mass)  has  not  broken  at  all'  into  fragments,  but  owing  to  the  nice  adjustment  of  all  its  parts  has 
remained  to  attest  the  nature  of  the  processes  by  which  in  long  past  ages  the  sohur  system 
wrought  its  way  to  its  present  condition.  It  wHl  easily  be  seen  how  the  contraction  of  the 
several  nebulous  masses  which  were  the  embryos  of  the  planets  might  result  in  the  formation  of 
systems  resembling  the  parent  system,  as  in  the  case  of  the  exterior  planets,  or  in  the  formation 
of  such  orbs  as  circle  within  the  zone  of  asteroids,  amongst  which  the  earth  alone  baa  a 
dependent  satellite. 

Ingenious  as  this  hypothesis  is,  it  yet  presents  several  difficulties  which  cannot  be  overlooked. 
It  accounts  well  for  the  features  of  regularity  presented  by  the  solar  system — ^too  well,  indeed ; 
since  it  would  lead  us  to  expect  a  greater  degree  of  regularity  than  we  actually  find.  It  is 
difficult  to  see  how,  under  such  a  process,  there  should  result  those  departures  &om  exact 
circularity,  or  from  exact  coincidence  of  orbital  motion  with  the  plane  of  the  ecliptic,  which  we 
actually  recognise  within  the  solar  system.  And  if  there  is  one  region  where,  according  to 
Laplace's  theory,  we  ought  to  find  more  perfect  symmetry  than  elsewhere,  it  is  precisely  in  that 
zone  of  asteroids,  amongst  the  members  of  which  we  find  the  greatest  departures  both  from  the 
ecliptic  plane  and  from  circularity  of  orbital  motion. 

Yet,  further,  the  theory  of  Laplace  would  lead  us  to  expect  a  difference  of  elementary  consti- 
tution between  the  planets  travelling  at  great  distances  from  the  sun  and  those  nearest  to  him. 
It  was  indeed  urged  by  him  that  the  actual  difference  as  respects  specific  gravity  between  the 
planets  exterior  to  the  zone  of  asteroids,  and  those  travelling  within  that  zone,  was  in  accord- 
ance with,  and  might  be  regarded  as  tending  to  establish,  his  hypothesis.  But  there  is  no 
regular  sequence  in  the  specific  gravities  of  the  planets,  whether  of  the  outer  or  of  the  inner 
family,  and  his  theory  requires  such  a  sequence.  We  now  know  also,  from  what  the  spectro- 
scope has  taught  us  about  the  sun  and  planets,  that  the  elementary  constitution  of  all  the  mem- 
bers of  the  solar  system  is  probably  identical. 

Yet  further,  the  retrograde  motions  of  the  satellites  of  Uranus,  and  the  assumed  retrograde 
rotation  of  that  planet,  seem  to  oppose  themselves  very  strongly  to  our  belief  in  an  hypothesis 
which  suggests  no  possible  origin  of  any  motions  opposed  to  the  direction  of  rotation  of  the  ori- 
ginal nebulous  globe. 

While  these  considerations  tend  to  render  the  hypothesis  of  Laplace  as  presented  by  him  at 
least  doubtftd,  if  not  absolutely  untenable,  they  yet  are  not  of  such  a  nature  as  to  preclude  the 
belief  that  the  solar  system  has  reached  its  present  condition  by  a  process  of  development. 

A  mode  of  inquiry  which  does  not  seem  to  have  suggested  itself  to  Laplaoe,  and  which,  in 
any  case,  he  would  have  had  no  means  of  applying  effectually,  seems  to  promise  a  more  com* 
plete  interpretation  of  the  characteristics  of  the  solar  system,  than  the  hypothesis  he  endeavoured 
to  establish.  There  are  processes  still  at  work  within  the  solar  system  which  seem  strikingly 
associated  with  the  genesis  itself  of  that  system.  The  sun,  the  earth,  and  all  the  planets  are 
imdoubtedly  groming,  though  their  present  rate  of  growth  may  be  indefinitely  small  compared 
with  the  rate  at  which  (on  any  reasonable  hypothesis  of  development)  they  must  be  supposed  to 
have  first  assumed  independent  existence.  We  know  that  meteoric  masses  are  falling  in  enor* 
mous  numbers  upon  the  earth,  and  that  they  must  fall  in  numbers  inconceivably  greater  upon 
the  sun,  while  the  very  nature  of  the  meteoric  orbits  proves,  beyond  all  possibility  of  question, 
that  other  planets,  with  all  their  dependent  satellites,  the  zone  of  asteroids — ^nay,  even  the  rings 
of  Saturn — must  receive  in  greater  or  less  degree  these  contributions  from  interplanetary,  and  also 
(remembering  the  wide  range  of  the  sun's  influence,  and  his  proper  motion  within  the  sidereal 
system)  even  from  interstellar  space. 

Now,  the  mere  fact  that  at  present  the  sun,  and  the  family  circling  round  him,  enormously 
outweigh  the  combined  mass  of  all  the  meteoric  systems  within  the  limits  of  the  sun^s  attrac- 
tion, by  no  means  proves  that,  in  long  past  ages,  ^e  direct  reverse  may  not  have  been  the  case. 
One  may  well  conceive  that  of  old  the  solar  system  presented,  not  a  central  sun,  but  a  tendency 
to  central  aggregation  within  a  group  of  widely  extended  meteoric  systems— not  subordinata 
orbs  like  the  planets,  but  a  tendency  to  subordinate  aggregations.  Looking  yet  further  back, 
and  conceiving  the  solar  system  in  its  embryonic  condition  to  have  presented  myriads  of  mil- 
lions of  meteoric  systems,  travelling  in  all  possible  directions,  and  in  orbits  having  every 
degree  of  eccentricity  under  the  influence  of  the  laws  of  gravity  (as  they  would  affect  a  system 
of  that  order),  we  can  readily  see  how  a  general  preponderance  of  motions  in  one  direction  and 
about  one  plane,  though  it  might  be  masked  at  &st,  would  in  the  long  run  assert  its  influence. 
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Collisiona  contmnally  occurring  amongst  the  members  of  the  meteoric  systems,  would  tend  to 
eliminate  the  more  eccentric  and  inclined  motions,  while  the  motions  in  a  direction  opposed 
to  the  general  set  of  the  system,  would  also  in  the  long  run  disappear,  at  least  in  regions  of 
aggregation. 

Now,  in  considering  the  ultimate  condition  towards  which  these  processes  would  tend,  we 
must  not  lose  sight  of  the  circumstance  that,  so  soon  as  a  well  marked  central  aggregation  was 
formed,  its  neighbourhood  would  be  the  scene  of  all  the  most  rapid  motions  within  the  complex 
scheme  of  systems.  This  aggregation  was  the  embryon  sun  of  the  scheme,  and  in  its  neigh- 
bourhood were  the  perihelia  of  all  the  systems,  precisely  as  now  the  relatively  puny  meteoric 
systems  still  remaining  have  their  perihelia  mostly  within  the  orbit  of  the  earth.  Hence  near 
the  central  aggregation  subordinate  aggregations  would  form  with  difficulty,  and  even  when 
formed  they  would  grow  slowly,  because  of  their  small  power  to  influence  meteoric  systems  tra- 
velling swiftly  past  them.  It  could  only  be  at  a  considerable  distance  from  the  central  aggre- 
gation that  the  meteoric  motions  would  be  so  far  reduced  as  to  favour  the  formation  and  growth 
of  subordinate  aggregations. 

We  see  in  these  considerations  a  general  explanation  of  the  orders  of  magnitude  observed 
among  the  primary  members  of  the  solar  system.  We  see  why  the  bodies  near  the  sun  are  rela- 
tively small,  while  those  farther  from  him  are  relatively  important.  Taking  the  orbit  of  Jupiter 
as  the  region  where  the  quantity  of  material  and  the  general  rate  of  meteoric  motion  were  such 
as  to  favour  to  a  maximum  degree  the  formation  of  a  subordinate  svstem,  we  see  that  between 
this  great  secondary  aggregation  and  the  central  one,  all  the  subordinate  aggregations  would  be 
relatively  minute,  and  would  attain  their  fullest  development  in  the  mid-region  ;  and,  accord- 
ingly, we  see  Venus  and  the  earth  more  important  than  Mercury,  on  the  one  hand,  or  Mars 
and  the  zone  of  asteroids  on  the  other.  Outside  the  orbit  of  Jupiter  we  should  expect  to  find 
massive  orbs,  with  complex  subordinate  systems,  because  the  formation  of  subordinate  aggrega- 
tions would  be  favoured  by  increase  of  distance  from  the  sun.  But  the  quantity  of  material 
wt>uld  diminish  continually  towards  the  outskirts  of  the  system,  so  that  the  inferiority  of  Saturn, 
and  still  more  that  of  the  distant  planets  Uranus  and  Neptune,  to  the  giant  bulk  of  Jupiter,  re- 
ceives an  explanation. 

Further,  we  might  look,  according  to  this  hypothesis,  for  a  closer  degree  of  association  be- 
tween the  equators  of  the  planets  and  the  planes  of  motion  of  the  satellites,  with  the  medial 
plane  of  the  system,  according  as  the  bulk  of  a  planet  rendered  it  probable  that  among  the 
meteoric  systems  which  had  formed  it  there  was  a  great  preponderance  of  motions  belonging  to 
the  general  set  of  the  scheme.  Accordingly,  we  find  that,  among  the  minor  planets  which 
travel  within  the  zone  of  asteroids,  the  inclination  of  the  rotation-plane  is  greater  in  the  case  of 
Mars  than  in  that  of  the  earth  (the  inclinations  of  Mercury  and  Venus  being  unknown) ;  while 
proceeding  to  the  family  of  major  planets,  we  find  the  inclination  of  Jupiter^s  equator  very 
small  indeed  (only  34  degrees),  that  of  Satum*s  considerable,  and  the  inclination  of  ihe  equator 
of  Uranus  absolutely  abnormal,  if  one  can  judge  (as  is  probable)  from  the  motions  of  his  satel- 
lites. Neptune^s  satellite  seems  also  to  revolve  in  a  retrograde  manner,  but  as  yet  observation 
has  not  certainly  determined  the  relations  of  this  distant  systeuL 

It  is  noteworthy  of  this  hypothesis  that,  according  to  it,  all  the  planets  and  satellites  would 
be  constituted  of  the  same  elementary  materials ;  but  the  larger  planets  would  be  originally 
formed  by  bodies  coming  into  collision  with  far  greater  force  than  those  forming  the  smaller 
planets.  Hence  the  larger  planets  would  be  raised  to  a  far  more  intense  degree  of  heat.  Their 
specific  gravity  might  on  this  account  be  expected  to  be  smaller  than  that  of  the  minor  planets. 
On  the  other  hand,  the  satellites,  and  such  very  small  members  of  the  system  as  the  asteroids, 
would  be  formed  by  bodies  coming  into  collision  with  velodties  relatively  so  minute  that  com- 
plete fusion  might  not  be  expected  to  result  in  all  cases,  and  a  low  mean  specific  gravity  (as 
observed  in  the  case  of  our  own  moon  and  the  satellites  of  Jupiter)  might  result  from  the  exist- 
ence of  vast  cavities  in  the  interior  of  these  bodies. 

NEBULAR  SPECTRA  Mr.  Huggins  has  discovered  {PhU,  Tram.^  1868,  p.  529)  that 
the  irresolvable  nebulae  show  spectra,  consisting  of  three  or  four  isolated  bright  lines,  much 
nearer  together  than  those  in  the  cometary  spectra.  From  an  examination  of  about  seventy 
nebulae,  Mr.  Huggins  finds  that  nearly  one-third  give  spectra  of  this  character,  showing  that 
they  are  gaseous,  the  light  of  the  remaining  being  spread  out  by  the  prism  into  a  spectrum 
which  is  apparently  continuous.  Of  the  bright  lines,  one  appears  to  be  due  to  hydro- 
gen, and  another  to  nitrogen,  whilst  the  middle  line  has  not  yet  been  identified.  (See 
Sj)€ctrum.) 

NEEDLE,  MAGNETIC.  Primarily  applied  to  a  magnetised  sewing  or  knitting  needle ;  but 
any  straight  magnet  is  called  a  magnetic  needle  according  to  the  present  usage  of  the  term.  The 
term  is  not  unfrequently  employed  to  designate  magnetic  ban  ol  many  pounds  weight. 
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NEGATIVE  AXIS  OF  CRYSTALS.  See  Potiiive  Axis  of  Crystals;  CrysUdSy  OpHe 
Axis  of. 

NEGATIVE  CONDUCTOR.  The  part  of  an  electric  mAchine  at  which  negative  electri- 
city is  collected.  In  am  ordinary  friction  electric-machine  it  condsts  of  a  braes  cylinder,  to 
wUch  the  rubbers  are  attached.    (See  Electric  Machine.) 

NEGATIVE  EYE-PIECE.  This  is  the  form  of  eye-piece  most  used  for  telescopes  and  micro- 
scopes. It  consists  of  a  field-glass  and  an  eye-glass,  each  plano-convex,  the  plane  surfaces  being 
turned  towards  the  eye,  and  the  distance  between  them  being  half  the  sum  of  their  focal 
lengths.  The  focal  length  of  the  field-glass  is  three  times  that  of  the  eye-glass.  The  focus  of 
this  eye-piece  is  between  the  two  glasses,  and  it  is  therefore  not  so  well  i^apted  for  use  with 
micrometers  as  the  positive  eye-piece.  (See  Positive  Eye-piece;  Micrometer  Eye-piece;  Eye- 
piece.) 

NEKKAIL    (Arabic.)    The  star  /3  of  the  constellation  Bootes. 

NEPTUNE.  (Neptuntis.)  In  astronomy,  the  most  distant  of  all  the  known  planets,  and 
eighth  in  order  of  distance  from  the  sun.  Neptune  travels  at  a  mean  distance  of  no  less  than 
2,745,998,000  miles  from  the  sun,  his  greatest  distance  being  2,771,190,000,  his  least 
2,720,806,000.  Since  the  earth's  mean  ^stance  from  the  sun  is  91,430,000  miles,  it  fol- 
lows  that  the  distance  of  Neptune  from  the  earth  varies  from  about  2,863,000,000  to  about 
2,629,000,000  miles.  The  eccentricity  of  Ids  orbit  is  small,  amounting  only  to  0*008720.  The 
inclination  of  the  orbit  to  the  plane  of  the  ecliptic  is  i**  4/.  Neptune  is  somewhat  larger  than 
Uranus,  his  diameter  being  estimated  to  be  about  37,300  miles,  though,  in  the  case  of  a  planet 
which  is  always  at  so  enormous  a  distance  from  the  earth,  no  confident  reliance  can  be  placed 
on  such  measurements.  The  volume  of  Neptune  exceeds  that  of  the  earth  about  105  times, 
but  his  density  being  only  0'i6  (the  earth^s  as  i),  bis  mass  exceeds  the  earth  only  about  16} 
times.     We  know  nothing  about  his  rotation  upon  his  axis  or  the  position  of  his  axis. 

The  discovery  of  Neptune  must  be  regarded  as  one  of  the  greatest  triumphs  yet  achieved  by 
the  Newtonian  astronomy.  The  planet  Uranus  was  found  to  be  following  a  path  not  strictly 
accordant  with  that  assigned  to  it  by  astronomers,  insonmch  that  Bouvard,  to  whom  astronomy 
owes  the  calculation  of  excellent  tables  of  Jupiter,  Saturn,  and  Uranus,  was  led  to  express  his 
belief  that  some  external  planet  disturbs  the  motions  of  Uranus.  The  French  astronomer 
Leverrier  was  led  to  examine  this  subject  at  length.  He  considered  all  the  various  explana- 
tions available,  and  finally  arrived  at  the  conclusion  that  some  planet  external  to  Uranus  must, 
as  Bouvard  had  suggested,  be  in  question.  In  the  meantime,  Adams,  of  Cambridge,  had  boldly 
adopted  this  solution  of  the  question,  and  commenced  the  arduous  labour  of  calculating,  from 
the  observed  perturbations  of  Uranus,  the  position  of  the  disturbing  planet.  Leverrier  and 
Adams  worked  simultaneously  at  the  solution  of  this  noble  problem,  but  Adams  retained  the 
start  which  his  bold  guess  had  given  him,  completed  his  labours  first,  described  his  results  in 
a  letter  to  Mr.  Airy,  and  afforded  fuU  means  for  the  complete  solution  of  the  problem  and  the 
detection  of  the  planet.  Nay,  the  planet  actually  was  observed  by  Challis  as  a  consequence  of 
the  instructions  he  received,  though  he  was  led  to  postpone  the  requisite  examination  of  his 
results  in  favour  of  other  observations  which  happened  to  engage  his  attention.  A  month  after 
the  Cambridge  Observatory  had  been  set  upon  the  track  of  the  planet— to  wit,  on  August  31, 
1846 — Leverrier  published  his  results,  and  pointed  out  the  place  where  the  planet  was  to  be 
looked  for.  The  Berlin  astronomers  received  information  on  the  matter  on  September  23d, 
1846,  and  on  the  same  evening  detected  the  planet.  It  is  customary  to  ascribe  their  success  to 
the  accuracy  of  the  Berlin  star  maps,  while  the  failure  of  our  English  observers  is  attributed  to 
the  want  of  accurate  maps.  The  real  fact  is,  that  the  Berlin  observers  were  impressed  with  a 
full  sense  of  the  importance  of  the  communication  which  had  reached  them,  uid,  as  they  recog- 
nised the  planet  by  its  aspect,  would  in  all  probability  have  succeeded  in  their  search  even 
though  they  had  had  no  maps  to  guide  them,  seeing  that  the  motion  of  the  planet  would,  in  a 
day  at  the  outside,  have  proved  its  planetary  nature.  By  unfortunate  negligence  on  our  part,  was 
a  discovery  which  would  have  adorned  throughout  all  ages  the  fame  of  English  afitronomyy 
Buffered  to  pass  into  the  hands  of  Continental  astronomers,  or  to  remain  as  a  subject  of  conten- 
tion and  ill-feeling  whensoever  the  just  claims  of  our  distinguished  countrymen  should  be 
asserted. 

It  is  important  to  notice  that  in  nearly  every  treatise  on  popular  astronomy  in  which  the 
perturbations  of  Uranus  by  Neptune  are  considered,  a  mistake  is  made  involving  a  perfect 
misapprehension  of  the  principles  of  planetary  perturbation.  A  figure  is  introduc^  intended 
to  exhibit  the  perturbing  action  of  Neptune  over  an  interval  indudmg  the  passage  of  Uranus 
from  superior  to  inferior  conjunction  with  Neptune  ;  and  over  the  whole  of  this  passage  Nep- 
tune's attraction  is  represented  as  accelerating  the  motion  of  Uranus.  The  reverse  is  the  case 
so  far  as  a  large  portion  of  this  arc  is  ooncenied.    N^tune  attracts  the  son  as  well  as  Uranos  ; 


NEW 


401 


NIC 


Bor,  in  this  case,  does  the  ezoess  of  the  son's  mass  oyer  that  of  Uxanus  affect  the  question.  It 
18  only  the  excess  or  defect  of  Neptone's  action  on  Uranus  which  perturbs  that  planet. 

We  know  very  little  of  the  physical  habitudes  of  Neptune,  even  the  most  powerful  telescopes 
being  ineffectual  to  exhibit  any  signs  either  of  belts  or  of  the  rotation  of  the  planet  npon 
its  axis.  It  has  been  supposed  thett  *the  planet  rotates  in  a  direction  contrary  to  that  ob- 
served among  the  other  planets,  though  the  only  evidence  on  this  point  has  been  derived  from 
the  motion  of  the  satellite  of  Neptune,  and  uie  nature  even  of  this  motion  has  not  been 
satisfactorily  established. 

NE  WCOMEN'S  ENGINE.    See  Steam  Engine. 

NEWTONIAN  SYSTEM.  The  name  given  to  the  modem  system  of  physical  astronomy 
as  distinguished  from  the  modem  system  of  formal  astronomy,  which  is  usually  called  the 
Ccpemican  System,  but  is  more  coirectW  named  the  KepUrian  System, 

NEWTONIAN  TELESCOPE.  This  is  an  improvement  by  Sir  Isaac  Newton  on  the 
Gregorian  Beflecting  Telescope.  The  concave  speculum  is  not  perforated.  It  reflects 
the  light  from  an  object  upon  a  plane  speculum  inclined  45**  to  the  axis  of  the  instrument. 
This  reflects  the  rays  to  the  side  of  the  tube,  where  a  hole  is  cut  to  receive  the  eye-piece. 
(See  Tducope,) 

NEWTON'S  RINGS.  When  a  convex  lens  of  vezy  long  focus  is  pressed  against  a  plane 
surface  of  glass  the  thin  film  of  air  enclosed  between  the  two  surfaces  reflects  light  in  a  series  of 
rings  coloured  by  interference.  (See  /n^/srence;  Thin  Films,  CdUmrs  of,)  These  colours 
were  first  examined  by  Sir  Isaac  Newton,  and  are  hence  called  Newton's  rings.  The  order  of 
colour  follows  that  given  under  the  heading  Newton*  s  Scale  €ff  Cdowrs,  The  Siickness  requisite 
to  produce  a  certain  colour  varies  with  the  refractive  index  of  the  substance.  Thus,  supposing 
a  tnicknesH  of  14  millionths  of  an' inch  of  air  were  required  to  produce  blue,  tins  colour  will  be 
given  by  a  thickness  of  lo^  millionths  of  an  inch  of  water  and  9  millionths  of  an  inch  of  glsss, 
the  necessary  thickness  diminishing  as  the  refractive  index  increases. 

NEWTON'S  SCALE  OF  COLOURS.  A  series  of  colours  produced  when  light  is  reflected 
from  an  excessively  thin  film,  gradually  increasing  in  thickness.  The  scale»  commencing  with 
the  least  thickness,  at  which  the  film  reflects  no  light  at  all,  but  appears  black,  is  as  foUowi^ 
the  thicknesses  (for  air)  being  given  in  millionths  of  an  inch  : — 
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(See  InUrferenee  0/  lAghi) 

NICKEL.  A  metallic  element,  bearing  great  similarity  to  cobalt,  and  intimately  associated 
with  it  in  nature.  Atomic  weight  59.  Symbol  Nl.  It  was  discovered  by  Cronstedt  in  175 1, 
and  its  name  is  derived  from  the  German  Kupfemikel,  or  false  copper,  a  term  applied  by  uie 
miners  to  the  arsenide  of  nickd,  a  brass-coloured  substance  which  they  mistook  for  copper 
pyrites.  The  methods  of  separating  nickel  from  arsenic  and  cobalt  are  complicated,  and  are 
effected  in  what  is  called  the  wet  way,  that  is  to  say,  by  solution  in  liquids  and  predpitation. 
A  pure  compound  having  been  thus  obtained,  it  is  reduced  by  heating  in  a  furnace  with  cbar- 
coaL  or  by  nkluction  by  carbonio  oxide.  After  fusion,  pure  nickel  ii  silver  white,  ductile,  and 
malleable ;  it  melts  at  about  the  same  temperature  as  iron,  and,  according  to  Beville,  it  surpasses 
iron  in  tenacity ;  its  specific  gravity  is  8*279.  ^^  ^  magnetic  at  ord&iary  temperatures,  bat 
loses  thiaproperty  at  the  temperature  of  an  oil  bath.  Its  principal  use  in  the  arts  is  in  the  mann- 
facture  ox  German  silver,  an  alloy  of  nickel  and  copper.  (See  Alloys,)  Nickel  forms  two  oxldee^ 
the  jp^foUmde  NiO,  and  the  peroxids  NigCV  The  protoxide  is  a  dense  grayish  green  powder, 
which  disMlves  in  adds  foimiDg  satts,    Tho  ^rUochiaridt  of  nickel  forms  golden  yellow  scales^ 
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whiofa  dxBsolve  in  water  to  a  fine  green  colour.  The  pfrincipol  snlpbide  of  nickel  is  the  pratond' 
phide  NiS.  In  the  native  state  it  has  a  brass  yellow  metallic  lurtre.  The  hydrated  protoml- 
phide  is  a  dark  brown  insoluble  powder.  For  the  different  salts  of  nickel,  see  the  reapectiFe 
adds. 

NICOL  PRISM.  A  prism  of  Icdand  spar  00  constracted  that  only  one  polarised  ray  can 
pass  through  it.  It  is  named  after  the  disooyerer.  A  rhomb  of  Iceland  spar  is  carefnlly  sawn 
into  two  parts  along  a  plane  perpendicolar  to  the  plane  of  the  laiger  diagonal  of  the  base,  and 
paaring  through  the  obtuse  angled  comers.  The  two  halves  are  then  reunited  by  means  of 
Canada  balsam  in  exactly  the  same  position  in  which  they  were  before  being  cut.  The  prin- 
ciple of  its  action  is  this,  the  refractive  index  of  Canada  balsam  (1*549)  is  less  than  the  ordinaiy 
index  of  Iceland  spar  (1*654),  but  greater  than  its  extraordinary  index  (1*483).  A  ray  of  oom- 
mon  light  entering  the  Nicol  prism  at  one  end,  is  divided  into  two  oppositely  polarised  rays,  the 
ordinary  and  the  extraordinary.  When  these  rays  meet  the  Canada  balsam  cement,  the  ordi- 
naiy ray  undergoes  total  reflection  from  this  surface,  and  is  sent  out  of  the  field  at  the  side^ 
whilst  the  extraordinary  ray  passes  through  alone.  The  emergent  light  is  therefore  polarised 
in  one  direction  only.  The  Nicol  prism  may  be  used  either  as  a  poIariBer  or  analyser.  When 
employed  in  delicate  optical  measurements  an  anomaly  is  frequently  remarked  :  the  arimuths 
of  extinction  do  not  occur  at  a  distance  of  180°.  The  error  can  amount  to  several  tenths  of 
a  minute.  This  error  would  be  fatal  to  the  use  of  the  NicoVs  prism  if  the  cause  could  not  be 
discovered,  diminished,  and  remedied.  M.  Comu  first  pointed  oat  this  cause,  and  he  has  given 
the  following  explanation: — The  axis  of  rotation  of  the  prism,  or  rather  that  of  the  instnunent 
which  carries  it,  does  not  coincide  with  the  plane  of  the  principal  section,  hence  the  ray  which 
traverses  it  takes  different  directions  in  the  prism,  accoitiing  to  the  azimuth,  and  the  polarisa- 
tion to  which  it  is  subject  is  not  parallel  to  the  plane  of  the  optical  symmetry  of  the  crystaL 
When  the  lines  of  entry  and  emergence  of  the  prism  are  quite  parallel,  it  can  be  regulated  by 
trial ;  in  general,  the  error  will  be  only  alternated  and  not  annulled,  but  it  may  be  eliminated 
in  proceeding  by  crossed  observations.  In  fact,  it  is  ea^  to  demonstrate  by  a  very  simple  cal- 
culation, and  by  direct  observation,  that  the  error  e  of  the  normal  azimuth  is  given  by  the 
•formula 

€  =  A  (3  +  a) ; 

A  and  e  being  the  constants,  s  the  observed  azimuth,  it  is  eacfy  to  deduce  that  the  mean  of  the 
reading  of  the  azimuths,  which  should  strictly  differ  by  I  So*",  gives,  after  the  subtraction  of 
90%  the  real  azimuth.  The  error  is  eliminated  of  its  own  accoiti,  if  we  choose  for  the  measure- 
ments of  the  azimuths  the  mean  of  two  positions  of  axtinction,  whether  for  the  analyser  or  for 
the  polariser.     (See  Polarisation  Plane), 

NICOTINE.  The  active  principal  of  tobacco.  It  is  a  colourless  transparent  oil,  intensely 
poisonous,  and  of  a  burning  taste  even  when  very  dilute  ;  it  has  a  strong  alkaline  reaction,  and 
forms  salts  with  adds.  It  boils  at  482*  F.  Tobacco  contains  it  in  ^portions  varying  from  2 
to  8  per  cent,  Havannah  tobacco  containing  the  smallest  amount. 

NIMBUS.    Bee  Cloud, 

NIOBIUM.    See  Columlnum, 

NITRATES.  Combinations  of  nitric  add  with  bases  are  called  nitrates.  For  the  most  part 
they  crystallise  readily,  they  are  all  soluble  in  water,  and  are  generally  neutral  to  test  paper. 
When  iieated  they  readily  decompose,  evolving  for  the  most  part  a  mixture  of  oxygen  and 
oxides  of  nitrogen ;  heated  with  combustibb  IxKlies  they  deflagrate  violently,  and  sometimes 
explode.  The  following  are  the  most  important  nitrates.  NitnUe  of  Barium.  White  trans- 
parent crystals,  having  a  spedfic  gravity  of  3*1848.  Formula  Ba2N03.  It  is  prepared  by  die- 
solving  the  native  carbonate  of  baryta  in  dilute  nitric  add,  and  crystallising.  It  forms  regular 
octahedrons.  When  heated  the  crystals  melt,  and  at  a  red  heat  decompose,  leaving  a  residue  of 
pure  baryta.  It  is  tolerably  soluble  in  water,  but  difficultly  so  in  nitric  add.  It  is  used  in 
the  arts  for  pyrotechnic  purposes,  as  it  produces  an  intense  green  flame  when  deflagrated  with 
combustible  substances.  Nitrate  of  Calcium.  A  salt  which  is  formed  naturally  in  many  parts 
of  the  world,  and  artificially  in  some  countries,  by  imitating  the  conditions  of  nature.  When 
heaps  of  deeompodng  animal  and  vegetable  matter,  mixed  with  clay,  chalk,  ashes,  Ac.,  and 
moistened  with  urine,  soapHsuds,  &c.,  are  exposed  to  the  air  for  some  years,  decomposition  takes 
place,  and  the  nitrogenous  matters  oxidise  to  nitric  add,  which,  uniting  with  the  caldum  of  the 
chalk,  forms  nitrate  of  caldum.  The  solution  from  the  lixiviated  mass  is  mixed  with  a  potasdum 
salt  to  decompose  the  caldum  salt,  and  evaporated  down,  when  nitrate  of  potasnum  crystallises  out. 
These  beds  are  called  artifidal  nitre  beds  or  saltpetre  plantations^  and  are  largely  employed  on  the 
Continent.  The  same  conditions  which  favour  the  formation  of  nitrate  of  oiddum  in  tiiese  hoaps 
are  frequently  present  in  mortar  and  plaster,  and  the  nitrate  of  caldum  then  effloresces  from  the 
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Buface  of  the  wall,  catuing  rapid  disintegration.  This  is  called  the  saltpetre  rot.  Nitrate  of 
calcium  in  the  pure  state  forms  six-sided  prismatic  crystals,  very  soluble  in  water,  and 
decomposing  when  heated  to  redness.  NiinUe  of  Copper.  The  only  nitrate  of  importance  is 
the  normal  nitrate  (CuaNOg)  which  is  obtained  by  dissolving  the  metal,  its  oxide  or  carbonate  in 
nitric  acid.  On  evaporating  the  solution  the  salt  is  deposited  in  blue  ciystals,  containing  water 
of  hydration  ;  they  are  very  soluble  in  water.  Nitrates  of  Iron,  Iron  forms  several  nitrates. 
The  most  importuit  are  the  normal /«mc  nUnUe  and  the  ferrouM  nitrate.  The  former  has  the 
composition  Fe3N08. 1 8H)0.  It  crystallises  in  oblique  rhombic  prisms  of  a  faint  lavender 
blue  tint,  very  soluble  in  water.  The  ferrous  nitrate  (FezNOg)  crystallises  in  four-sided 
prisms  of  a  faint  greenish  colour,  and  very  soluble  in  water.  An  impure  mixture  of  these  two 
nitrates  is  used  in  dyeing  under  the  name  of  iron  mordant.  Nitrate  of  Lead,  The  normal  sa't 
has  the  composition  PbgONgOg,  it  crystallises  in  large  white  octahedrons,  soluble  in  about  eight 
times  their  weight  of  cold  water,  and  in  much  less  of  hot  water.  There  are  also  many  basic 
nitrates  of  lead,  but  they  are  unimportant.  Nitrates  of  Mercury,  Mercury  forms  two  normal 
nitrates  and  many  basic  nitrates  ;  the  former  need  only  be  described.  The  mercuric  nitrate 
(Hg2N03H20)  crystallises  in  bulky  deliquescent  rhombs,  easily  decomposed  into  basic  salts  on 
ad£tion  of  water.  The  mereurous  nitrate  (Hg,2N03.HgO)  is  the  one  usually  met  with ;  it  is 
formed  by  digesting  excess  of  metallic  mercury  with  cold  nitric  add  ;  it  separates  in  colourless 
monoclinic  crystals  which  are  decomposed  by  much  water  into  a  basic  salt.  For  test  purposes 
mereurous  nitrate  is  always  dissolved  in  very  dilute  nitric  add,  a  little  metallic  mercury  being 
added  at  the  same  time.  Nitrate  of  PotaMium^  called  also  nitre  and  saltpetre  (KNOj).  A  white 
inodorous  salt  of  a  cooling  bitter  taste,  crystallising  in  long  six-sided  prisms  which  are  anhy- 
drous and  very  soluble  in  water,  and  readily  crystallised  therefrom.  Nitrate  of  potassium  melts 
below  a  red-heat  without  farther  change,  solidifying  on  cooling  to  a  hard  white  mass  known  in 
commerce  as  sal-pruneUcB.  At  a  red-heat  oxygen  is  given  off,  nitrate  of  potassium  being  left, 
and  if  the  heat  la  continued  nitrogen  is  evolved  with  the  oxygen.  When  heated  with  combusti- 
ble substances  deflagration  takes  place  ;  on  this  property  its  use  in  the  manufacture  of  gun- 
powder and  pyrotechnic  mixtures  depends.  Nitrate  of  potassium  is  found  as  a  natural  product 
in  manv  parts  of  the  world,  where  its  formation  is  still  gdng  on.  The  conditions  necessary  for 
its  production  have  been  described  above  {Nitrate  of  Ccdcium),  They  are  frequently  imitated 
artificially,  the  essential  requisites  appearing  to  be  an  abtmdant  supply  of  ammonia  (from  the 
oxidation  of  which  the  nitric  add  comes),  the  presence  of  earthy  and  alkaline  bases,  free  access 
of  air  and  a  mean  temperature  not  lower  than  from  65**  to  75"  F.  If  potash  salts  are  present  in 
the  substances  used  in  malnng  the  beds,  crude  nitrate  of  potassium  is  at  once  obtained  by  lixivia- 
tion  and  crystallising,  but  i£  lime  compounds  are  in  excess,  nitrate  of  cakdnm,  as  before  explained, 
is  produced.  The  prindpal  impurity  of  crude  saltpetre  is  chloride  of  sodium,  which  is  separated 
by  peculiar  methods  of  crystallisation.  Nitrate  of  potasdum  is  also  prepared  in  enormous 
quantities  by  decomposing  nitrate  of  sodium  with  carbonate  of  potasdum  or  caustic  potash, 
when  a  double  decompodtion  takes  place,  and  nitrate  of  potasdum  is  separated  by  crysti^lising. 
Nitrate  of  Silver  ( AgNOg),  known  also  as  lunar  causticy  lapis  infemalis,  A  salt  crystallising  in 
colourless  trimetric  crystals  very  soluble  in  cold  water.  When  mix^  with  organic  matter  and 
exposed  to  light  (see  Actinism)  reduction  of  silver  to  the  metallic  state  takes  place.  This 
property  b  tc3cen  advantage  of  in  photography.  Nitrate  of  silver  forms  insoluble  compounds 
with  many  kinds  of  animal  matter,  and  is  then  gradually  reduced  to  the  state  of  metaX  with 
oxidation  of  the  organic  substance  ;  on  this  account  nitrate  of  silver  is  used  as  a  caustic,  as  it 
rapidly  destroys  organisation  and  vitality  when  applied  to  the  moist  surface  of  the  body. 
Nttrate  of  Sodium,  odled  also  ChUi  saltpetre.  Cubic  nitre  (NaNOg).  A  salt  crystallising  in  ob- 
tuse rhombohedrons  which  closely  approach  cubes,  hence  the  name  cubic  nitre.  It  is  deliques- 
cent in  moist  air,  and  dissolves  readily  in  water  ;  it  behaves  with  heat  in  a  dmilar  manner  to 
nitrate  of  potassium.  Nitrate  of  sodium  is  found  in  enormous  masses  in  some  parts  of  South 
America,  beds  of  it  several  feet  thick  occurring  in  the  district  of  Tarapaca^  northern  Chili, 
where  the  dry  pampa  is  covered  with  it  for  a  space  of  forty  leagues  ;  its  principal  impurity  is 
chloride  of  sodium,  from  which  it  is  separated  only  with  difficulty.  Owing  to  the  low  price  of 
nitrate  of  sodium,  it  is  largdy  used  in  the  manufacture  of  saltpetre,  nitric  add,  and  sometimes 
it  is  employed  direct  for  inferior  varieties  of  gunpowder,  and  also  for  manure.  Nitrate  of  Stron- 
tium  (Sr2N0g).  A  colourless  salt  crystallising  in  octahedrons,  soluble  in  five  parts*of  cold  water ;  at 
a  red  heat  it  decomposes,  leaving  a  residue  of  caustic  strontia.  It  is  prepared  like  nitrate  of 
barium,  and  when  mixed  with  appropriate  combustibles  it  causes  them  to  bum  with  an  intensely 
red  flame,  forming  the  red  fire  of  the  theatres.  Nitrate  of  tine,  the  normal  salt  (Zn2NOg.3HgO), 
crystallises  in  colourless  fourdded  prisms,  deliquescent  in  the  air,  and  readily  soluble  in  water 
and  alcohol.  NUrate  of  Ethyl  (nitric  ether,  CgHgNOg).  A  colourless  liquid  insoluble  in  water, 
but  soluble  in  all  proportions  in  alcohol ;  it  has  a  very  sweet  taste  and  a  strong  peculiar  odour ; 
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it  is  imflammable  ;  its  specific  gravity  is  I  '1 12,  and  it  boils  at  85*^0.  (i85*F.)  Nitrates  of  other 
ethyl  radicals  exist,  but  at  present  they  an  nnimportsat,  and  a  mere  enumeration  of  them  would 
oocapy  far  more  space  than  their  importance  demands. 

NITRK    See  NUraia  ;  Nitrate  of  Potauium. 

NITRIC  ACID.  {AMoUe  Aeid  ;  Spirit  of  Nitre  ;  Aquaforiit. )  HNO,.  A  colourless  traosparait 
liquid  of  specific  gravity  1*52 ;  it  freexes  at — SS^C^  forming  amass  like  batter;  it  boils  at  86*0. 
(iSy^'F.) ;  fumes  in  the  air,  and  when  mixed  with  water  it  evolvee  an  i^ipreciable  amoimt  of 
heat.  Nitric  add  is  a  very  powerful  oxidising  agent ;  when  hot  and  undiluted  it  attacks  md 
destroys  nearly  ail  oiganic  bodies  with  copious  evolution  of  red  fumes  of  nitric  peroxide,  and 
when  somewhat  dilute  it  stains  nitrogenous  matter  a  bright  yellow  colour.  It  also  attadcs  and 
oxidises  most  of  the  elementary  bodies,  except  gold,  platinum,  and  a  few  of  the  rarer  metals ; 
the  compounds  produced  are  for  the  most  part  soluble  in  water ;  silicon,  tin,  antimony,  and 
tungsten  forming  however  insoluble  adds.  The  most  concentrated  add  has  so  powerful  an 
oxidising  action  on  carbon  that  it  is  competent  to  keep  up  the  combustion  of  a  lump  of  red-hot 
charcoal  plunged  into  it.  The  industrial  uses  of  nitric  add  are  very  various  and  important ;  a 
mixture  of  it  with  hydrodiloric  acid  forms  nitro-hydroehlorte  acid  (nitro-nutriatic  acid,  aqua- 
rtffid),  which  is  used  for  dissolving  gold  and  platinum.  With  many  kinds  of  organic  matter 
strong  nitric  add,  if  the  temperature  be  kept  down,  forms  what  are  called  nitro-substitntioa 
products,  one,  two,  or  three  atoms  of  hydrogen  being  removed  from  the  compound,  their 
place  being  occupied  by  an  equal  number  of  molecules  of  nitryl  (NO,).  Some  of  these  nitro- 
snbstitution  compounds  are  of  great  importance  in  the  arts,  thus  from  benxol  (C^ H«)  is  formed 
nitro-benzol  (C0Hg(NO.) )  which  is  used  in  the  manufacture  of  aniline  ;  with  phenol  or  carfadw 
add  (C^H^O)  is  formed  tri-nitaro-phenol,  arpierie  acid  (OJSJ'SOfUO) ;  from  cellalose  (oottoDy 
woody  fibre,  ftc,  CJH^fit),  we  get  tri^itro-cdbdoM  {C^EfCSOJi^O)  or  gum  coUo*. 

NITRIC  ETH£R.    See  NUrata,  Nitrate  of  Ethyk 

NITRO-BENZOL.    See^easof;  Nitric  Add, 

NITROGEN,  (nrpor,  nitre,  and  yttvaxa,  to  generate.  Axote,  a,  withouti  and  (wiy,  Ufe.)  An 
element  discovered  by  Rutherford  in  1772.  Atomic  wdght  14.  Symbol  N.  It  ii  a  perma- 
nent gas,  constituting  about  f our*fifths  of  the  volume  of  the  atmosphere.  It  is  oolourlns,  un- 
oondensible,  tasteless,  inodorous,  and  neutral  to  vegetable  colours.  It  dissolves  in  oold  water  to 
the  extent  of  i\  per  cent.  It  is  incombustible,  and  does  not  support  respiratioi^  although  not 
irtespirable.  It  is  not  poisonons,  but  kills  from  the  absence  of  oxygen.  It  acts  in  the  atmoe- 
phere  prindpaUr  as  a  diluent  to  restrain  the  too  energetic  action  of  the  oxygen.  (See  At- 
flio^Jlere.)  In  the  free  state,  nitrogen  exhibits  no  marked  prc^)erties,  although  it  enters  into  the 
oompontion  of  the  strongest  adds,  the  most  deadly  poisons,  the  most  brilliant  colours,  the  nrast 
valuable  medicines,  and  the  most  destructive  explosives,  appearing  to  give  energy  by  its  pre- 
sence, ud  affording  a  strange  contrast  to  its  absence  of  chuacter  in  the  free  state.  Nitrogen 
is  generally  procured  from  the  atmosphere  by  burning  a  piece  of  phosphorus  under  a  beU  jar 
standing  over  water.  The  phosphorus  unites  with  the  oxygen,  forming  phosphoric  add,  'mtaxh. 
is  readily  soluble  in  water,  leaving  the  nitrogen  behind.  There  are  many  other  ways  of  forminff 
nitrogen,  but  these  need  not  be  detailed  here.  Nitrogen  forms  the  first  term  of  the  triad 
group  of  elements,  the  others  being  phosphorus,  arsenic,  antimony,  bismuth,  and  vanadium. 
Nitrogen  unites  direct  with  the  met&  titanium,  tantalum,  and  tungsten.  These  are  said  even 
to  btmi  in  it,  and,  under  some  drcumstances,  it  unites  direct  with  hydrogen,  oxj^gen,  and 
carbon. 

NITROGEN,  IODIDE  OF.    See  Iodine. 

NITROGEN,  SPECTRUM  OF.  The  spectrmn  of  nitrogen  in  a  Gdssler's  tube  is  somfr- 
what  complicated.  When  not  ignited  mndi  beyond  its  point  of  incandescence,  a  series  of  bands 
is  seen  tolerably  equidistant,  sharp  at  one  ride,  and  shading  off  towards  the  violet  end.  If  tiie 
temperature  is  increased  by  introducing  a  Leyden  jar  into  the  circuit,  the  spectrum  dianges 
altogether,  and  is  now  composed  of  fine  bright  lines.  Plticker  has  called  these  spectra  of  tiie 
Urtt  order  and  spectra  of  the  uc(md  order.  The  diange  takes  place  quite  suddenly,  and  is  attri- 
buted to  the  change  of  allotropic  oondition  of  the  gas.  Other  gases  besides  nitrogen  are  found 
to  exhibit  similar  phenomena. 

NITRO-GLTOERIN.  A  light,  yellow,  oHy  liquid,  of  specific  gravity  1*6,  prepared  by 
acting  on  glycerin  with  strong  nitric  add,  by  wluch  means  three  of  the  hydrogen  atoms  are 
removed  and  replaced  by  three  molecules  of  nitric  peroxide.  Its  composition  is  CgUB(NOf)fOs. 
Nitro-glycerin  is  a  most  powerful  explodve  agent,  detonating  when  struck  with  a  hammer,  or 
when  exposed  to  the  detonation  of  fulminating  mercury,  ftc.  When  cautiously  heated,  it  de- 
composes VFithout  explosion.  Exposed  to  a  low  temperature,  nitroglycerin  freeiEes  to  a  crystal- 
line mass,  and  a  s%ht  blow  wUl  sometimes  cause  the  whole  to  explode  with  terrific  vioJeooe. 

NITRO-HYDROCHLORIC  ACID.    See  NitrU  Acid. 
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NITBO-MUMATIC  ACID.    See  Nitric  Acid, 

NITKaSUBSTITUTION  COMPOUNDS.    See  NUric  Add, 

NOBILrS  FJGUBES.  Nobili  found  that,  if  a  drop  of  acetate  of  copper  be  placed  on  a 
sUver  plate,  and  if  the  point  of  a  small  rod,  or  wire  of  zinc  be  brought  down  upon  the  plate  in 
the  middle  of  the  drop,  the  copper  which  is  liberated  attaches  itself  to  the  silver,  forming  rings 
around  the  point  of  tiie  zinc,  alternately  light  and  dark.  To  these  aro  given  the  name  of 
NobU^i  Rings  or  Figuret.  A  similar  effect  may  also  be  produced  in  the  foUowing  way : — Let 
finely-powdered  litharge  be  boiled  for  some  time  in  solution  of  caustic  potash.  An  alkaline 
solution  of  the  lead  oxide  is  thus  obtained.  A  silver  plate  is  immersed  in  this  liquid,  and  is 
connected  with  the  positive  electrode  of  a  moderately  powerful  battery  (8  or  lo  cells  of  Bun- 
sen).  To  the  negative  electrode  is  attached  a  platinum  wiro,  which  is  passed  through  a  glass 
tube,  fused  in  and  cut  off,  so  that  only  the  point  is  visible,  and  this  is  brought  near  to  the  nlver 
plate.  On  doing  so,  binoxide  of  lead  is  deposited  on  the  plate  around  the  point  in  concentric 
rings,  owing  to  a  seoondaiy  action  of  the  following  nature : — Some  oxide  of  lead  is  decomposed, 
and  the  lead  which  is  set  tree  round  the  negative  electrode,  combines,  with  the  oxygen  set  free 
at  the  positive  electrode,  to  form  binoxide,  which  attaches  itself  to  the  plate.  These  rings  are 
found  in  layers,  whose  thickness  decreases  from  the  middle,  and  they  display  theref oro  New- 
ion^s  pismatic  colours. 

NODE.  (Nodua,  a  knot.)  In  astronomy,  the  points  of  intersection  of  any  great  drole  on 
the  celestial  sphere  with  any  other  aro  called  the  nodes  of  the  former  drole  on  the  latter.  The 
point  at  which  the  former  cirole  passes  from  north  to  south  of  the  latter  is  called  the  atcending 
node;  its  sign  is  Q  .  QThe  opposite  node  is  called  the  descending  node ;  its  sign  is  fS-  The  line 
joining  the  two  nodes  is  called  the  nodal  line. 

The  ecliptic  is  usually  the  cirole  of  roference,  so  that  when  the  nodes  of  a  planet  are  spoken 
of  without  further  distinction,  the  nodes  of  that  planet's  orbit  on  the  ecliptic  aro  understood  to 
be  rof  erred  to. 

NODES  AND  SEGMENTS  IN  PIPES.  If  the  air  in  a.tnbe,  open  at  both  ends,  be  set  in 
vit»ration  in  such  a  way  as  to  produce  a  musical  note,  when  the  fundianental  note  is  sounded, 
the  centre  of  the  tube  is  alternately  the  region  of  maximum  compression  and  maximum  rarofac- 
tion ;  it  is,  in  f act^  a  node  or  region  of  rest.  The  two  ends  of  the  tube  are  the  centres  of  ventral 
B^^ments,  and  there  the  air  is  in  the  state  of  the  most  violent  agitation.  The  length  of  the  pipe 
is  half  the  length  of  the  travelling  wave.  If  the  pipe  be  closed  at  one  end,  uid  its  fundamental 
note  be  sounded,  the  closed  end  of  the  pipe  being  at  rest  must  be  in  contact  with  a  node,  the 
other  and  open  end  being  as  before  the  centre  of  a  ventral  s^ment.  It  follows  that  the  dosed 
pipe  will  give  a  note  an  octave  bdow  an  open  one  of  the  same  length ;  or,  in  order  that  an 
open  and  a  dosed  pipe  may  give  the  same  notes,  the  dosed  one  must  be  half  as  long  as  the  open 
one.    (Compare  Organ  Pipes.) 

NODES  AND  SEGMENTS  IN  STRINGS.  A  stretdied  string  or  wire,  when  gently 
plucked  in  the  middle,  wiU  give  rise  to  its  fimdamental  note,  accompanied  by  the  feeble  higher 
octave.  (See  Colour  of  Tone.)  If  a  feather  be  placed  on  the  centre  of  the  string,  and  a  point  } 
from  one  end  be  plucked,  the  string  will  vibrate  in  two  segments,  and  possess  three  nodes,  one 
at  each  end,  and  one  in  the  middle.  If  the  feather  be  placed  ^  from  one  end,  and  the  point  ^ 
from  that  end  be  plucked,  the  string  will  vibrate  in  three  segments,  and  have  four  nodes,  and 
so  on.  The  higher  octaves  of  the  fundamental  note  are  produced  when  the  feather  is  placed 
(i)  in  the  middle,  (2)  at  4  the  length,  (3)  at  i  the  length,  and  so  on.  If  we  examine  such  a 
string,  we  find  that,  when  one  segment  is  rising,  the  neighbouring  two  aro  falling,  and  vice 
vena;  and  that  the  points  between  the  segments  are  nearly  at  rest.  If  a  stretdied  s&ing  when 
vibrating  as  a  whole  gives  rise  to  a  certain  note,  it  will,  when  divided  into  n  segments,  give  rise 
to  n  notes,  the  pitch  of  each  of  which  is  n  times  that  of  the  original  note.  There  must  evi- 
dentiy  be  in  all  cases  n+ 1  nodes  if  there  are  n  segments.  The  fonnation  of  nodes  can  be  weU 
studied  by  hanging  from  the  ceiling  a  long  India-rubber  tube  filled  with  sand.  Such  a  tube^  by 
agitating  the  free  end,  can  be  made  to  vibrate  in  a  great  variety  of  segments. 

NOMENCLATUKB  OF  COLOUBS.  There  is  no  very  accurate  system  of  nomendatore 
of  colours  in  general  use.  The  most  accurate  plan  for  sdentific  purposes  is  to  refer  to  a  portion 
of  the  solar  spectrum  by  giving  the  distance  between  any  two  of  the  lines.  For  compound 
colours  not  in  the  spectrum,  such  as  pink  or  brown,  definite  portions  of  two  spectra  may  be 
BupeiTMsed.  For  lass  accurate  work,  ChevreuTe  Ckromatie  Oirde  (which  see)  may  be  found 
useful  In  ordinary  language,  red,  yellow,  and  blue  are  called  primary  colours.  COTftbinationB 
of  these  give  secondary  colours ;  red  and  yellow  give  orange ;  yellow  and  blue  give  green ; 
Uue  and  red  give  purple.  Combinations  of  seoondaiy  colours  give  tertiary  colours :  thus 
purple  and  orange  give  msset ;  orange  and  green  give  dtrine ;  and  green  and  purple  give 
olive.    Most  colours,  however,  have  some  arbitiaKj  namey  ladi  as  Magenta^  Fhosphine,  Hum- 
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boldt ;  or  they  are  namad  after  natural  subetanoes,  thus :  Faflchine,  emerald  green,  canazj 
mellow  ftc 

NON-CONDUCTOR  OF  ELECTRICITY.  A  body  which  does  not  allow  electricity  to  paaa 
over  its  aurf ace.  Glass  or  vulcanite,  for  example,  are  non-conductors.  (See  also  CondncU^  and 
IfUvJUUor.)      

NON-ELECTRIC.  A  term  formerly  used  to  designate  a  class  of  bodies  which  it  was  sup- 
posed  could  not  be  electrified  by  friction.  The  metals,  for  example,  came  under  this  category. 
jBut  it  is  now  well  known  that  the  reason  why  these  bodies  were  apparently  not  electrifiable 
was,  that  in  performing  the  experiment  no  precaution  was  taken  to  prevent  tne  electricity  from 
passing  away  from  them  as  it  was  produced.  After  the  discovery  of  a  difference  between 
bodies  as  to  the  power  of  conducting  electricity,  it  appeared  at  once  that  all  those  subetanoea 
which  had  formerly  been  called  "  non-electrics  "  are  conductors  of  electricity,  and  that  by  proper 
means  they  can  be  electrified  as  easily  as  those  which  were  called  eUctria.  The  distinction  ia 
therefore  now  broken  down,  though  the  terms  are  still  to  a  certain  extent  in  use. 

NORMA.     (The  Square  Rule.)    A  southern  o6nstellation  formed  by  Lacaalle. 

NORMAL  SOLAR  SPECTRUM.  In  the  spectrum,  as  seen  by  prismatic  disperaion,  some 
parts  are  more  expanded  than  others.  (See  Dispersion,  Irrationality  of.)  A  normal  solar  spec- 
trum ia  one  in  which  the  fixed  lines  are  mapped  according  to  their  wave-lengths,  calculated 
from  observations  made  with  diffraction  spectra.  (See  A.  J.  Angstrom  on  the  Normal  Solar 
Spectrum.    Upsala,  1868.    Also  Rosooe's  Spectrum  Analysis,  page  225.) 

NOVEMBER  METEORS.    See  Meteors,  Luminous, 

KCBECULiB.  (Little  Clouds. )  Two  veiy  remarkable  objects  on  the  southern  heaveDS, 
long  known  to  sailors  as  the  Magellanic  Clouds.  They  resemble  in  general  appearance  detached 
portions  of  the  Milky  Way,  but  on  telescopic  scrutiny  are  found  to  dMer  from  tiie  Milky  Way  in 
this,  that  whereas  the  galaxy  shows  few  irresolvable  nebulae,  the  Nubeculse  exhibit  great  num- 
bers of  all  orders  of  nebulae.  This  is  especially  the  case  with  the  Nubecula  Major,  within 
which  Sir  John  Herschel  counted  no  less  than  278  nebulae,  besides  noting  50  or  60  outliers. 
He  has  pointed  out  that  the  existence  of  nebulae  of  all  orders,  with  stars  from  the  9th  to  lower 
orden,  within  a  region  which  must  be  regarded  as  roaghly  spherical  in  form,  should  teach  us  to 
look  with  caution  on  the  theory  that  nebulas  necessaruy  Ue  at  inordinate  distances  beyond  tfae 
fixed  stars. 

NUCLEUS.    (A  kernel.)    In  astronomy  the  bright  or  condensed  part  of  a  comet. 

NUCLEUS.  When  a  bit  of  bread  is  thrown  into  a  glass  of  champagne  or  of  soda  water,  it 
immediately  becomes  covered  with  bubbles  of  gas  which  escape  with  effervescence,  the  bread 
being  really  effective  as  a  nucleus  in  separating  gas.  So  also  if  a  solid  that  has  been  exposed 
to  the  air,  or  handled,  be  put  into  the  soda  water  or  champagne,  it  will  be  immediately  covered 
witii  gas.  If  a  similar  solid  be  put  into  a  liquid  at  or  near  t^e  boiling  point,  it  will  produce  a 
burst  of  steam  or  vapour,  and  so  act  for  a  time  as  a  nucleus.  Milk,  at  a  certain  temperature, 
suddenly  boils  over  from  the  presence  of  fatty  nuclear  particles  suddenly  liberating  steam  at 
every  part  of  tiie  liquid.  Again,  if  a  similar  body  be  put  into  a  supersaturated  saline  sdutioD, 
it  will  produce  immediate  crystalliBation. 

It  had  long  been  observed  that,  under  certain  conditions,  bodies  become  inactive,  or  cease  to 
act  as  nuclei,  as  when  a  glass  rod  had  been  passed  through  flame,  or  boiled  and  dried  out  of 
contact  with  air.  It  was  supposed  that  the  body  thus  treated  had  undergone  a  molecular 
change,  or  that  the  action  of  nuclei  was  catalytic  (see  Catalysis),  or  that  the  air  exerted  some 
mysterious  influence,  and  so  on.  Thus,  it  was  supposed  that  a  nucleus  put  into  soda  water 
or  a  boiling  solution  acted  by  oanying  down  air  into  which  the  gas  or  the  steam  could  expand, 
and  so  escape. 

This  subject  has  been  investigated  by  Mr.  Tomlinson,  who  has  greatly  extended  and  multi- 
plied the  phenomena,  and  included  them  in  a  coherent  theoiy,  of  which  we  propose  to  give 
8ome  account.  Those  who  desire  further  information  are  referred  to  Mr.  Tomlinson's  papers 
in  the  PhiL  Trans,  for  1868,  p.  659  ;  to  the  Proceedings  of  the  Royal  Society,  vols,  xvi  403  ; 
zvil  240 ;  xviii  533.  See  also  Phil.  Mag.  for  Aug.  1867  and  the  subsequent  volumes,  and  the 
last  5  or  6  volumes  of  the  Chemical  News. 

Mr.  Tomlinson  considers  the  contradictoiy  action  as  to  the  behaviour  of  nude!,  noticed  by 
former  observers,  to  become  clear  by  attending  to  this  fact,  namely,  whether  the  solid  nudei 
were  or  were  not  chemically  dean  as  to  surface  at  the  moment  of  contact  with  the  solution  in 
which  they  were  placed. 

A  nucleus  is  defined  as  a  body  that  has  a  different,  generally  a  stronger,  attraction  for  thti 
gas,  or  the  salt,  or  the  vapour  of  a  solutioxi,  than  for  the  liquid  which  holds  it  in  solution. 

A  substance  is  chemicaUy  dean  or  cathartsed  (see  Catha/nrnj^  whose  surface  is  entirely  free 
from  any  substance  foreign  to  its  own  oompontioa. 
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Reference  is  here  made  to  surface  only.  A  glass  rod  may  be  chemically  dean,  even  though 
a  particle  of  carbon  or  of  ferric  oxide  be  inclosed  and  shnt  off  deep  withhi  it»  but  not  so  if  the 
piuticle  reach  and  form  part  of  the  f urface  itself.  So  also  a  piece  of  wax  or  stearine  may  be 
full  of  dirty  particles ;  but  if  a  bit  of  the  wax  or  stearine  be  melted  into  a  globule,  and  so 
dropped  into  a  supersaturated  saline  solution,  it  may  not  act  as  a  nucleus,  because  the  surface 
may  consist  of  pure  wax  or  stearine. 

Catharuation  is  the  act  of  cleaning  the  surface  of  such  alien  matter,  and  the  surface  00 
cleaned  is  said  to  be  cathari$ed. 

As  eveiything  exposed  to  the  air  or  the  touch  takes  more  or  less  a  deposit  or  film  of  foreign 
matter,  substances  may  be  conveniently  classed  as  cathMited  or  tmcatharited,  according  as  they 
have  been  cleansed  or  not.. 

And  it  is  not,  perhaps,  taking  too  much  license  with  language  to  extend  the  term  catharitedf 
denoting,  as  it  does,  the  condition  of  pure  surface,  to  those  substances  whose  surface  has  not 
required  the  process.  Thus,  a  flint  stone  in  the  rough  has  an  imcathaiised  surface,  but  spilt  it^ 
and  the  inner  surface  of  the  pieces  will  for  a  time  be  dean. 

Befening  to  the  definition  of  nudeus  above  given,  substances,  with  reference  to  this  defini- 
tion, may  be  divided  into  nvdear  substances  and  nonrnucUar. 

The  nodear  are  those  that  may  per  u  become  nudei.  The  non-nudear  are  those  that  have 
not  that  quality. 

The  nudear  substances  would  seem  to  be  vezy  few,  the  larger  number  of  natural  substances 
ranking  under  the  other  division. 

Under  nadear  substances  are  those  vapours  and  oily  and  other  liquids  that  form  thin  films 
on  the  surfaces  of  liquids  and  solids ;  and,  generally,  all  substances  in  the  form  of  films,  and 
only  in  that  fonn.  Thus,  a  stick  of  tallow,  chemidiilly  clean,  will  not  act,  but  a  film  of  it  will 
act  powerfully. 

If  a  drop  of  a  liquid  be  placed  on  the  surface  of  another  liquid,  it  will  do  one  of  three  things 
(apart  from  chemical  action) — (i)  it  will  diffuse  through  the  liquid,  and  in  general,  not  act  as 
a  nudeus ;  or  (2)  it  will  spread  out  into  »  film ;  or  (3)  remain  in  a  lenticular  shape.  It  becomes 
a  film  or  a  lens  according  to  the  general  proposition,  that  if  on  the  surface  of  the  liquid  A, 
whose  surface-tension  is  a,  we  deposit  a  drop  of  the  liquid  B,  whose  surfaoe-tensi<»,  b,  is  less 
than  Of  the  drop  will  spread  into  a  film  ;  but  if,  on  the  contrary,  6  be  greater  than  a,  or  only  a 
little  less,  the  drop  will  remain  In  the-form  of  a  lens.  Hence  if  B  spread  on  A,  A  will  not 
spread  on  the  surface  of  B. 

This  general  proposition  may  not  always  apply  in  the  case  of  supersaturated  salme  solutions^ 
on  account  of  the  tuperfidal  viscosUy,  or  the  greater  or  leas  difficulty  of  the  superficial  molecules 
to  be  displaced. 

A  glass  rod  drawn  through  the  hand  becomes  covered  with  a  thin  film,  or  the  same  rod  by 
exposure  to  the  air  contracts  a  film  by  the  condensation  ef  floating  vapours,  dust,  &a,  and  in 
either  case  is  brought  into  the  nudear  condition. 

A  second  dass  of  nuclear  bodies  are  permanently  porous  substances,  such  as  charcoal,  ooke, 
pumice,  kc.  The  action  of  these  is  chieSly  confined  to  vapourous  solutions,  and  if  catharised 
having  no  power  of  separating  salts  from  their  supersaturated  solutions. 

Under  the  non-nuclear,  forming  by  far  the  larger  dass  of  substances,  are  glass,  the  metals^ 
&c.,  while  their  surfaces  are  chemically  dean. 

Among  the  non-nudear  substances  will  be  found  air ;  for  its  ascribed  nudear  character  is  due^ 
not  to  itself,  but  to  the  nudear  partides  of  which  it  is  the  vehicle.  If  air  be  filtered  through 
cotton-wool  it  loses  its  apparent  nudear  character ;  so  also  if  heated. 

When  a  catharised  body  is  placed  in  a  supersaturated  solution,  such  solution  adheres  to  it  as 
a  whole ;  but  if  sudi  body  be  non-catharised,  the  gas  or  vapour  or  salt  of  the  solution  adheres  to 
it  more  strongly  than  the  liquid  portion,  and  hence  there  is  a  separation.  An  active  or  non- 
catharised  soriace  is  one  contaminated  with  a  film  of  foreign  matter,  whidi  fihny  condition  is 
necessaiy  to  that  dose  adhesion  which  brings  about  the  nudear  action ;  for  it  can  be  shown 
that  an  oil,  for  example,  is  non-nudear  in  the  form  of  a  lens  or  globule,  but  powerfully  nuclear 
in  the  form  of  a  film. 

Some  liquids  (absolute  alcohol,  for  example)  form  films,  and  act  as  nudei  by  separating  water 
instead  of  salt  from  supersaturated  solutions. 

Other  liquids  (glycerin,  for  example)  diffuse  through  the  solutions  without  acting  as  nudei. 

Fatty  oils  may  slowly  saponif v,  or  oil  of  bitter  almonds  form  benzoic  add  in  contact  with 
superBaturated  solutions  of  Glauber's  salt  without  actinff  asnudeL 

The  solutions  (say  of  Glaubor's  salt)  are  prepared  with  I,  2,  or  3  parts  of  the  salt  to  i  part  of 
water ;  they  are  boiled,  filtered  into  dean  AmIdb,  and  covered  with  watch-glasses.  When  cold, 
the  watdk-glMB  being  lifted  of^  »  drop  of  oil  is  deposited  on  the  surfaoe  of  the  sapenatuxmted 
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solntioiL  In  an  experiment  described,  a  drop  of  pale  iieal-oil  fonned  a  well-ehaped  film,  with  a 
displaj  of  iridescent  rings,  and  immediately  from  the  lower  snrfaoe  of  the  film  there  fell  Uargo 
flat  prisms  with  dihedral  summits  of  the  lo  atom  sodic  sulphate.  The  prisms  were  an  inch  or 
an  inch  and  a  half  in  length,  and  three-eighths  of  an  inch  across.  The  crystallisation  proceeded 
from  ereiy  part  of  the  lower  surface  of  the  film,  and  as  one  set  of  crystals  fell  off,  another  set 
was  formed,  until  the  whole  solution  became  a  mass  of  fine  crystals  in  a  small  quantity  of  liquid, 
an  effect  quite  different  from  the  usual  crystaUisation  which  takes  place  when  a  supersaturated 
solution  of  Glauber^B  salt  is  subjected  to  the  action  of  a  nucleus  at  one  or  two  points  in  its  sur- 
face, as  when  motes  of  dust  enter  from  the  air,  or  the  surface  is  touched  with  a  nuclear  point. 
In  such  case  small  crystalline  needles  direrge  from  the  point  and  proceed  rapidly  in  well-packed 
Imes  to  the  bottom,  the  whole  being  too  crowded  and  too  rapid  to  aJlow  of  the  formation  of 
r^galar  crystals. 

Similar  experiments  were  made  on  solutions  of  Glauber's  salt  of  different  strengths,  with 
drops  of  ether,  absolute  alcohol,  naphtha,  benzole,  the  oils  of  turpentine,  cajuput,  and  other 
vclatQe  oils,  sperm,  herring,  olive,  liiuMed,  castor,  and  other  fixed  cdls  of  animal  and  yegetable 
origin,  with  this  general  rmlt,  that  whenever  the  liquid  drop  spread  out  into  a  film,  it  acted  as 
ft  powerful  nucleus  ;  but  when  the  oil  formed  a  lens  there  was  no  separation  of  salt,  even  when 
tile  flasks  were  shaken  so  as  to  break  up  the  lens  into  small  globules.  If,  however,  a  sudden 
jerk  were  given  to  the  flask  so  as  to  flatten  some  of  the  globules  against  its  sides  into  films,  the 
whole  solution  instantly  became  solid.  A  similar  effect  was  produced  by  introducing  a  clean 
inactive  solid  for  the  purpose  of  flattening  a  portion  of  oil  against  the  side  of  the  flask. 

Stefrine  from  sheep's  tallow  that  had  been  exposed  to  the  air  produced  immediate  crystalli- 
sation,  but  by  boiling  the  solution  and  covering  the  flasks,  the  stearine,  now  catharised,  had  lost 
its  nuclear  character  on  the  cold  solution.  Similar  observations  were  made  with  the  fixed  oils 
that  form  lenses  or  globules  in  the  solution.  So  also  volatile  oik  containing  products  of  oxida- 
tion, dust,  &C.,  are  nadear,  but  when  catharised  by  being  redistilled  they  are  inactive  in  the 
globular  state,  active  in  the  form  of  films. 

Supersaturated  solutions  of  potash  alum,  ammonia  alum,  sodic  acetate,  and  magneaa  sulphate 
were  also  operated  on  with  results  similar  to  those  obtained  with  solutions  of  Glauber's  salt. 

When  a  uquid  forms  a  film  on  the  surface  of  a  supersaturated  solution,  the  surface-tension  of 
the  solution  is  so  far  diminished  as  to  bring  the  Mm  into  contact  with  the  solution,  when  that 
differential  kind  of  action  takes  place  whereby  the  salt  of  the  solution  adhering  more  strongly 
to  the  film  than  the  water  of  the  solution,  the  action  of  separation  and  crystallisation,  thus  onoe 
begun,  IB  propagated  throughout.  A  similar  action  takes  place  with  solid  bodies  that  have 
contracted  filmy  nuclei  by  being  touched  or  drawn  through  the  hand,  or  merely  exposed  to  the 
air ;  they  are  active  or  nuclear  by  virtue  of  the  films  of  matter  which  more  or  less  oover 
them. 

On  the  other  hand,  when  a  drop  of  oil  (or  many  drops)  is  placed  on  the  surface  of  a  super- 
saturated saline  solution,  and  it  assumes  the  lenticular  form,  or  even  flattens  into  a  disc,  such 
lens  or  disc  is  separated  from  actual  contact  with  the  solution  by  surface-tension.  That 
the  adhesion  is  very  different  from  that  of  a  film  may  be  shown  by  pouring  a  quantity  of  re* 
cenUy  distilled  turpentine,  for  example,  on  the  surface  of  chemically  clean  water,  and  scraping 
upon  it  some  fragments  of  camphor ;  these  will  be  immediately  covered  with  a  solution  of 
camphor  in  the  oil,  which  solution  will  form  iridescent  films,  and  sail  about  with  the  camphor, 
vigorously  displacing  the  turpentine,  and  cutting  it  up  into  smaller  discs  and  lenses.  So  in  the 
case  of  supersaturated  saline  solutions,  the  oil-lens  is  not  sufficiently  in  contact  with  the  sur&oe 
of  the  solution  to  allow  of  the  exertion  of  that  differential  kind  of  action  whereby  salt  is  sqia- 
rated.  Even  when,  by  shaking,  the  oil  is  broken  up  into  globules,  and  these  are  submeiged, 
they  are  still  so  far  separated  from  the  solution  by  surface-tension  as  to  prevent  actual 
contact. 

It  is  remarkable  that  if  care  be  taken  to  maintahi  the  oondition  of  chemical  cleanliness,  cry»> 
tals  do  not  act  as  nuclei  to  their  own  supersaturated  solutions,  because  the  solution  adheres  to 
them  as  a  whole,  and  we  have  seen  that  in  order  for  a  nucleus  to  act  it  must  adhere  more 
strongly  to  the  saline  portion  than  to  thto  aqueous  portion  of  the  solution,  or  vice  vend. 

So  also  if  a  highly  supersaturated  solution  in  a  dean  vessel,  protected  from  the  dust  and 
motes  of  the  air,  be  reduced  in  temperature  from  o*  F.  to  — lo*,  the  solotion  solidifies  into  aa 
unstable  hydrate,  and  in  raising  it  to  32*  it  again  liquefies  without  any  regular  ciystalllsationy 
such  as  takes  place  in  the  presence  of  a  nudeua.     (See  SupenahnraUonJ) 

NUTATION.  {NvtaiWf  a  nodding.)  The  name  ff^jen  to  a  small  gmtixm.  of  the  earth's 
axis  around  the  mean  position  due  to  precession.  With  reference  to  uiis  mean  position  the 
motion  of  nutation  takes  place  in  about  19  years  in  a  small  ellipse,  having  a  major  axis  of  18*5* 
and  a  n^or  axis  of  1374'' ;  bat  as  the  predesaioiial  motion  la  oontinnaDy  canying  the  axis  oik- 
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wards  in  a  much  larger  circle  (see  Precesnon),  the  actual  motion  is  along  a  waved  circular  line. 
The  major  axis  of  the  small  ellipse  being  towards  the  pole  of  the  ecliptic,  the  effect  of  nutation 
80  far  as  the  obliquity  of  the  echptio  is  concerned,  is  to  cause  it  to  oscillate  9*25"  on  each  side 
of  its  mean  value,  while  as  far  as  the  position  of  the  nodes  of  the  earth's  equator  are  concerned, 
nutation  causes  these  nodes  to  be  alternately  in  advance,  or  behind  their  mean  place  due  to 
precession  by  6'S'f.  For  the  cause  of  nutation  see  Precession,  Bradley  discovered  and  explained 
the  notation  of  the  earth's  axis,  not  long  after  he  had  discovered  the  phenomenon  called  the 
aberration  of  the  fixed  stars.  ^^ 

NUTRITION,  ANIMAL  AND  VEGETABLE.  See  Artttnal  NiOrUion;  VegeUiUe 
Nutritum, 

NUX  VOMICA.    See  Sttychnme. 


OBJECT  GLASS.  The  lens  or  combination  of  lenses  which  in  a  telescope  or  microscope 
forms  the  imi^e  of  an  object  in  its  focus,  which  image  is  afterwards  viewed  by  means  of  an  eye- 
piece.   (See  Tdescope;  Microscope.) 

OBLIQUITY  OF  THE  ECLIPTIC.  The  angle  at  which  the  earth's  equator  is  inclined 
to  the  plane  of  the  ecliptic.  (See  Ediiptie.)  This  angle  is  not  constant,  but  within  historic 
ages  has  been  continually  diminishing.  Astronomers  recognised  this  change  long  before  its 
cause  was  known.  It  is  now  known  to  be  part  of  an  oscillatory  process  of  change,  taking  place 
in  a  very  long  cycle  and  within  somewhat  narrow  limits  of  change,  the  greatest  variation  on 
either  side  of  the  mean  value  of  the  obliquity  being  but  i^  21'.  It  must  be  remembered  that 
this  change  is  not  due  to  a  change  in  the  inclination  of  the  earth's  equator  to  a  fixed  plane  in  the 
solar  system,  but  is  a  real  change  in  the  position  of  the  earth's  path  round  the  sun,  and  there- 
fore in  the  position  of  the  ecliptic  upon  the  celestial  sphere.  OThe  following  values  suffice  to 
indicate  the  nature  of  the  change.  In  a.d.  i  100  the  obliquity  was  23**  48'  43" ;  in  t^e  year 
1870  it  has  a  mean  value  of  23*  2/  22'3'' ;  in  the  year  1900  it  will  have  a  mean  value  of 
23"  27'  8(y. 

OBSCURE  HEAT.  The  heat  which  is  manifest  beyond  the  red  end  of  the  spectrum,  when 
a  beam  from  the  sun  or  other  luminous  source  is  decomposed  by  a  prism,  is  thus  called  ;  also 
all  heat  which  is  unaccompanied  by  light — ^the  heat,  for  instance,  radiated  from  a  vessel  filled 
with  boiling  water.  The  heat  rays  of  the  spectrum  beyond  the  red  are  also  known  as  vtUvrred 
rays,  dark  heat  rays,  invisible  heat  rays.  By  separating  the  light  rays  proceeding  from  a 
luminous  source  from  the  heat  ravs  (by  filtering  the  beam  through  a  solution  of  io^e  in  bi« 
sulphide  of  carbon),  T^ndall  found  the  following  relationship  between  the  luminous  and  obscure 
rays  from  different  sources  : — 

1.  In  the  case  of  the  most  brilliant  portion  of  a  gas  flame,  if  the  total  radiation,  luminous  and 
obscure,  be  divided  into  25  eqtial  parts,  24  parts  consiBt  of  obscure  rays  and  I  of  luminous  rays. 

2.  If  the  total  radiation  from  a  white  hot  platinum  wire  be  divided  into  24  parts,  23  parts 
consist  of  obscure  rays  and  I  of  luminous  rays. 

3.  If  the  total  radiation  from  the  Toltaio  are  taken  between  carbon  points,  and  produced  by 
a  battery  of  fifty  cells  of  Grove's  arrangement^  be  divided  into  10  parts,  9  parts  consist  of 
obscure  rays  and  i  of  luminous  rays. 

The  following  table  shows  the  results  obtained  by  Tyndall  with  various  sources,  both  obscure 
and  luminous,  by  filtering  through  a  solution  of  iodine  in  burulphide  of  carbon,  which  entirely 
prevents  the  passage  of  luminous  xays,  while  it  allows  the  obscure  heat  rays  to  pass  through  it 
without  absorption : — 

Kasuiion  jbox  Vabious  Soxtbois  through  ▲  SoLvnoH  or  Iodini  nr  Bibulfhidh 

ovCabbov. 

Proportion  of  Proportion  of 

Somes.                                   LununoQs  nja  Obwiire  beat  nam 

Absorbed.  Tnuismitted. 

Darkspiraly                                             o  100 

Lampblabk  at  212*  X%                              O  loo 

Red-tkot  spiral,                                          o  lOO 

Hydrogen  flame^                                       O  loo 

•                          Ouflame^                                                   3  97 

Gas  flame,                                                  4  96 

White  hot  spinly                                      4*6  95*4 

Electric  lights                                           lO  90 
(See  also  Oaloraoenes,) 
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OBSEBYATOBT.    A  building  intended  for  aystenuBtic  obsenrationi  of  natnnl  phenomena 
(See  Observatory,  Attronomieal,  Ac.) 

OBSERVATOBY,  ASTRONOMICAL.  The  observation  of  celestial  pbenomena  is  now 
carried  out  in  a  systematic  manner  in  nearly  all  civilised  countries.  The  buildings  erected  for 
this  purpose  have  to  be  constructed  with  special  reference  to  certain  reqtusites.  They  must 
not  only  be  stable,  but  the  principal  instruments  used  for  observing  the  stars  must  be  fm  from 
all  contact  even  with  the  finnly  built  walls  of  the  observatory.  These  instruments  are  there- 
fore mounted  on  stone  pillan  sunk  in  the  solid  ground,  and  isolated  from  the  floors  of  tha 
rooms  in  which  the  observers  work.  In  addition  to  these  precautions,  it  is  found  necessary  to 
observe  with  extreme  care  changes  which  take  place  in  the  position  of  the  support,  owing  to 
changes  of  temperature,  humidity,  and  so  on.  It  would  be  wholly  impossible,  of  course,  to 
describe  in  such  a  work  as  this  the  various  methods  by  which  these  and  other  requirements  are 
secured ;  but  it  is  necessary  that  the  reader  should  thoroughly  understand  that  those  who  woik 
in  our  observatories  are  continually  engaged  in  making  sudi  precautions  more  effectual,  and  are 
also  continually  on  the  watch  to  detect  new  forms  of  disturbance  to  which  (in  however  slight  a 
degree)  their  instruments  may  be  exposed. 

The  telescopes  made  use  of  in  astronomical  observatories  are  of  two  classes,  mtridumal  instru- 
ments, or  those  which  can  only  be  used  to  observe  objects  on  the  meridian,  and  extra  meridUmal 
instruments,  by  which  objects  in  other  parts  of  the  heavens  can  be  observed.  To  the  former 
class  belong  the  trannl  iiutrument,  trantU  circle,  and  mural  circle  ;  to  the  latter  the  equatorial 
inttrument  and  the  altitude  and  euimuth  VMU^ment.  The  subordinate  instruments  and  appli- 
ances are  too  numerous  for  special  mention.  (See  Loonus'  Practical  Attronomy,  and  Pearsoa'a 
Introduction  to  Practical  Astronomy.) 

The  principal  public  observatories  at  present  in  existence  are  those  of  Greenwich,  Pazis, 
Poulkova,  and  Cambridge,  U.S.  ;  but  there  are  many  others.  The  number  of  private  observa- 
tories is  not  only  large,  but  conthiually  increasing. 

OBSERYATORY,  MAGNETIC.  The  aim  of  magnetic  observatories  is  to  record  the 
variations  of  the  terrestrial  magnetic  elements — that  is,  of  the  magnetic  declination,  inclination, 
and  intensity,  for  the  purpose  of  deducing  the  laws  according  to  which  these  variations  take 
place.  The  first  regular  and  systematic  observation  was  carried  on  at  Gottingen  by  Gauas^ 
and  a  band  of  private  observers  headed  by  him ;  but  the  establishment  of  the  present  national 
observatories  is  very  much  due  to  the  influence  of  Humboldt.  He,  in  1819,  applied  to  the 
Russian  Grovemment,  and  obtained  the  institution  of  numerous  magnetic  establishments,  and 
shortly  after,  with  the  aid  of  the  Royal  Society  and  the  British  Association,  succeeded  in  in- 
ducing the  British  Government  to  take  part  in  the  work,  and  to  set  up  observatories  in  Green- 
wich and  Dublin,  and  in  Toronto,  Yan  Diemen's  Land,  at  the  Cape  of  Good  Hope,  and  St. 
Helena.  Systematic  and  synchronous  observations  were  made  and  recorded,  and  from  these  have 
been  deduced  all  that  we  know  of  the  laws  of  the  phenomena  of  terrestrial  magnetisuL  Some 
of  the  observatories  originally  established,  having  done  their  work,  are,  for  the  present  at  leasts 
disused,  but  there  are  still  some  of  them  in  constant  employment,  and  new  ones  have  lately 
been  established  at  various  places  throughout  the  United  Kingdom.  At  present,  observations 
are  made  at  Greenwich  and  Dublin,  at  Kew,  Glasgow,  Armagh  and  all  the  other  diief  meteoro- 
logical establishments. 

We  have  described,  under  Magnetwn,  Terrestrial,  and  under  the  special  designations,  the  instru- 
ments used  in  determining  the  various  elements  and  the  methods  of  doing  so.  We  refer  the 
reader  to  those  articles,  merely  explaining  here  how  photogn^hy  is  applied  to  obtain  constant 
self -reffistration  of  the  changes.  To  the  magnets  used  in  ti&e  various  instruments  are  attadied 
(as  is  described,  see  Gauss*  s  Magnetometer)  small  light  mirrors  which  turn  with  them.  Opposite 
to  the  mirror  ub  placed  a  paraf&n  lamp,  which  lets  fall  through  a  small  hole  a  beam  upon  the 
mirror.  The  beam  is  reflected  by  the  mirror,  and  sent  through  a  narrow  tube  into  a  dosed 
box  wherein  a  cylinder  is  slowly  turned  by  clock-work  in  front  of  the  tube,  and  on  the  surface 
of  the  cylinder  is  a  slip  of  photographically  sensitized  paper.  The  spot  of  l%ht  falling  upon  the 
paper  darkens  it  at  the  point  where  it  falls,  and  a  register  is  thus  taken  of  the  position  of  the 
spot,  and  hence  of  the  deviation  of  the  mirror  and  magnet  from  their  normal  position.  Close 
to  the  moving  minor  another  small  fixed  mirror  is  supported,  which  also  throws  a  spot  of  light 
through  the  tube  on  to  the  turning  cylinder  ;  and  tiie  position  of  this  mirror  is  arranged  so 
that,  when  the  magnet  stands  at  a  certain  position,  whicb  we  may  call  zero,  the  beams 
of  light  from  the  two  mirrors,  the  fixed  one  and  that  attached  to  the  magnet,  fall  upon 
the  same  point  of  the  cylinder.  Thus  as  the  cylinder  turns  it  will  be  seen  that  a  zero  line  is 
traced  out  upon  the  paper  by  the  spot  from  the  fixed  mirror ;  and  it  is  from  this  zero  line  that 
measurements,  upon  which  calculations  are  based,  are  made  to  the  curve  traced  out  by  the 
other  spot.  The  paper  of  the  cylinder  is  changed  once  in  twenty-four  hours,  that  on  which  the 
lines  have  been  tnoed  Lb  photog^phioally  ,/Sseed 


OBS  411  OHM 

Besides  these  8elf>regi8tered  records,  from  wMch  the  variatioiifl  in  the  magnetic  elements  are 
deduced,  observations  are  taken  at  regular  intervals  in  order  to  determine  the  absolute  values  of 
them  ;  and  this,  with  the  reduction  and  entry  of  the  values  obtained,  constitutes  the  chief  part 
of  the  magnetic  work  of  an  observatory.  All  the  magnetic  observatories  are  also  meteorological 
observatories,  and  the  state  of  the  weather,  temperature,  barometric  pressure,  appearance  of 
clouds,  occurrence  of  auroras,  electric  perturbations  at  the  various  hours,  are  noted  and  care- 
fully compared  with  the  magnetic  changes. 

We  refer  our  readers  for  more  detailed  information  to  the  memoirs  of  Professor  Lloyd  in 
connection  with  the  Dublin  Observatory  ;  to  those  of  Sabine  with  respect  to  the  foreign  sta- 
tions ;  and  to  the  Beports  of  British  Association  on  the  subject  of  Kew  Observatoxy,  from  1842 
onwards. 

OBSEBYATOBY,  METE0B0L06ICAL.  A  building  intended  for  the  conduct  of  obser* 
vations  on  the  state  of  the  atmosphere  and  weather  changes  generally.  The  principal  instm- 
ments  made  use  of  in  a  meteorological  observatory  are  the  barometer  for  measuring  the  weight 
of  the  air,  the  thermonuter  for  measuring  its  temperature,  the  hygrometer  for  measuring  its 
moistness,  the  pluviometer  or  rain-gauge  for  estimating  the  hourly,  didly,  or  monthly  rainfall,  the 
anemometer  for  measuring  the  force  of  the  wind,  and  the  deetrometer.  Lately  a  great  advance 
has  been  made  in  the  conduct  of  meteorological  observations  by  the  introduction  of  the  practice 
of  publishing  frequent  and  early  records  of  the  state  of  the  atmosphere  or  weather  at  different 
stations.  By  means  of  the  telegraph  it  thus  beeomes  possible  to  form  a  conception  of  the 
general  state  of  the  atmosphere  over  a  country,  or  even  a  continent,  in  place  of  having  mere 
isolated  records  of  the  phenomena  presented  at  a  single  station. 

OGGULTATION.  {OccuUaUo,  a  concealment.)  The  concealment  of  one  celestial  body  behind 
another.  The  term  is  commonly  limited  to  the  concealment  of  stars  by  the  moon,  and  of  Jupi- 
ter's satellites  by  the  disc  of  their  primary. 

Occultations  of  stars  by  the  moon  afford  important  information  respecting  the  lunar  motions. 
They  also  supply  an  effective  means  of  determining  the  moon's  apparent  diameter.  The  Astro- 
nomer-Boyal  has  been  led  by  examining  the  occultations  of  stars  to  the  conclusion  that  irradia- 
tion considerably  increases  the  moon's  apparent  diameter. 

QThe  present  writer  has  pointed  out  a  way  in  which  occultations  might  be  made  to  indicate 
the  apparent  diameters  of  the  fixed  stars. 

OCEAN  CUBBENTS,  INFLUENCE  OF,  ON  CLIMATE.     See  aimate. 

OCHBE.  {(oxfia,  pale  yellow.)  A  name  applied  to  several  metallic  oxides  in  a  native  pul- 
verulent condition,  when  of  a  brownish  yellow  colour.  It  Is,  however,  chiefly  applied  to  hydrated 
peroxide  of  iron  when  fit  for  use  as  a  pigment,  and  is  called  red  ochre,  yellow  ochre,  or  brown 
ochre,  according  to  colour.  Cobalt  ochre,  bismuth  ochre,  chrome  odure,  and  antimony  ochre 
are  also  terms  occasionally  used. 

OCTANS.  (The  Octant.)  One  of  LaciuUe's  southern  constellations.  The  south  pole  of  the 
heavens  falls  within  this  constellation,  but  no  conspicuous  star  lies  near  enough  to  that  pole  to 
be  called  the  southern  pole-star. 

OCTAVE.  {OctOf  eight.)  The  interval  or  relationship  of  two  musical  notes,  the  numbers  of 
vibrations  of  which  in  the  same  time  are  as  2  : 1.  One  note  is  an  octave  above  or  below  another 
when  the  number  of  vibrations  per  second  which  produce  the  first  is  half  or  double  of  the  num- 
ber of  vibrations  producing  the  second.  In  the  ordinary  or  diatonic  musical  scale  the  octave 
comprises  eight  notes,  hence  the  name.    (See  Musical  Interval.) 

OCULAB  SPECTBXTM.  When  the  eye  has  been  steadily  fixed  for  a  short  time  on  a 
bright-coloured  object,  and  is  then  suddenly  turned  away  from  it,  an  image  of  the  object  in  the 
complementary  colour  will  be  observed  to  be  temporarily  impressed  upon  the  retina.  This  image 
Is  called  the  ocular  spectrum.    (See  Accidental  Colourt.) 

OHMAB  ;  or,  OHM.  (From  Ohm,  the  propounder  of  the  law  known  by  his  name.)  A 
technical  name  for  a  certain  amount  of  electric  resistance.  It  is  equal  to  the  British  Associa- 
tion unit  of  resistance.  (See  Jtetittance,  UniU  of,  and  Unil»,  £lectrieal,)  Thus  practical  electri- 
cians talk  of  a  piece  of  cable  having  10  Ohmadi,  or  more  frequentiy  10  Ohms,  of  resistance, 
meaning  thereby  that  its  resistance  is  equal  to  that  of  10  B.  A.  units,  or  British  Association  units. 

OHM'S  LAW.  The  numoical  estimation  of  the  value  of  any  arrangement  for  the  genera- 
tion of  an  electric  current  is  a  matter  of  high  practical  importance,  and  the  means  of  doing 
this  is  fmnished  by  the  celebrated  Law  of  Ohm  given  in  1827.  The  problem  is  the  following : — 
Given  any  number  of  electromotors,  of  specified  kind  and  dimensions,  such  as  a  number  of  Bun* 
sen's  or  of  Banlell's  cells,  and  any  number  of  specified  conductors,  through  which  the  electric 
current  is  sent,  to  find  the  strength*  of  the  current,  that  is,  the  quantity  of  electricity  which 
flows  through  any  section  of  the  circuit  in  a  given  time,  and  the  law  of  Ohm  states  that  (Ae 

*  "latmdtj''  iCintauUij  it  is  caUsd  hj  Vkench  wdten,  and  nsoaUy  by  tEtaalaton  of  French  books. 
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9trenfftk  of  the  aarmt  ii  dirtcUf  ynporiiontd  to  the  whole  deetromoHve  force  i»  operation,  and 
vertdf  proportional  to  the  turn  of  the  rautanee$  in  the  draoL  Ohm  deduced  thia  law  inut 
theoretical  oonsidentioiis  ;  it  is  moat  strictly  in  aooordaooe  with  eiqierimeatal  reaiiltey  whidi 
demonstntes  the  jnetneaB  of  the  hypothesis  on  which  it  is  founded. 

To  make  use  of  this  Uw  to  best  adTsntage,  it  is  necessary  to  fix  upon  some  oonsiBtent  wad 
oonTenient  system  of  miits  by  whidi  the  quantities  mentioned  above  may  be  measnred,  andmax 
be  numerically  expressed.  This  is  done  by  the  system  drawn  np  by  the  committee  appointed 
by  the  British  Association  to  consider  the  standuds  of  electrical  resistance.  An  account  of  the 
units  in  which  electxical  measurements  are  made  will  be  found  under  Units,  EUetrieaL  Lei  ns 
consider  the  case  of  a  single  cell  of  a  battery  sending  a  current  through  a  wire  or  otiier  inter- 
polar.  Let  S  denote  the  strength  of  the  current^  £  1^  electromotiTe  force  of  the  ceD,  and  S 
the  whole  laistnoe.    Ohm's  Uw  states  that 

or,  if  we  choose  our  vnlii  aoghtL 

The  electromotive  force  depends  npon  the  nature  of  the  materials  used  in  the  batteiy  oelL 
Thus  the  electromotive  force  of  a  cell  of  Bunsen  differs  from  that  of  a  cell  of  DanieU.  Hie 
nature  of  the  cell  then  remaining  the  same,  if  we  diminiBh  the  resistance  we  increase  the  car> 
rent,  or  if  we  increase  the  resistance  we  diminish  the  current.  Now  the  resistance,  as  Ohm 
first  clearly  pointed  out,  consists  of  two  parts,  that  within  the  cell  or  other  electromotar,  and 
that  without.  Let  I  stand  for  the  resistance  of  the  liquid  within  the  cell,  and  w  for  the  resist- 
ance of  the  wire  or  other  interpokr ;  then 

B=I  +  «andS  =  -A. 

I  +w 

Let  us  now  conmder  the  case  when  several  electromotors  are  used  in  conjunction  to  pass  a 
current  through  a  given  interpolar  resistance  to;  and,  to  simplify  the  matter,  we  shall  assume 
what  is  generally  the  case  that  a  number  of  cells  of  the  same  kind  are  made  use  of,  and  we  shall 
call  the  electromotive  force  of  each  cell  £,  and  the  internal  resistance  of  each  Z,  as  before. 
According  to  Ohm's  law  the  strength  of  the  current  is  proportional  to  the  sum  of  all  the  electro- 
motive forces  divided  by  the  sum  of  all  the  resistances ;  hence,  if  s»  be  the  number  of  cells  used, 

nE 


S=^ 


ni  +  w 


If  the  interpolar  resistance  w  is  very  small  compared  with  I  the  internal  resistance  of  the  cell, 
which  would  be  the  case  if  the  electrodes  of  the  batteiy  or  cell  are  connected  by  a  short  thick 
copper  wire,  it  may  be  neglected,  and  we  get 

an  expression  the  same  as  that  for  a  single  cell ;  and  we  see  the  reason  of  the  fact  that  the  cur^ 
rent  in  such  a  case  is  not  increased  by  joining  a  number  of  cells  in  series,  that  is,  the  platinum  of 
the  first  to  the  sine  of  the  second,  and  so  on.  In  fact,  the  electromotive  force  does  almost  all 
its  work  in  sending  the  current  through  the  circuit  against  the  internal  resistance  of  the  ctHh, 
and  though  the  electromotive  force  is  increased  by  increasiDg  the  number  of  cells,  the  resistanos 
is  also  increased  in  the  same  proportion,  and  the  strength  of  the  current  remains  the  same.  On 
the  other  hand,  when  the  battery  is  used  to  send  a  current  through  a  very  great  interpolar  le- 
siBtance,  as  is  the  case  with  a  long  telegraph  line,  the  internal  resistance  of  the  cells  may  be 
neglected  in  compazison  with  the  external  resistance.    For  a  battery  of  n  cdls,  then  we  have 

to 

which  shows  that  the  strength  of  the  current,  as  long  as  that  is  the  esse,  increases  directly  with 
the  number  of  ceUs  used. 

Again,  suppose  we  alter  the  cells  by  making  the  plates  larger,  or,  what  is  the  same  thing; 
suppose  we  associate  a  number  of  cells,  so  that  all  their  zincs  are  joined  together,  and  likewise 
all  the  platinums.  In  this  case  we  do  not  obtain  a  system  whose  electromotive  force  is  greater 
than  that  of  a  single  cell,  but  by  increasing  the  size  of  tiie  plates  we  increase  the  section  of  the 
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cell,  and  thus  dimfaiBh  the  reaistaiice,  which  is  invenely  proportional  to  the  section  of  the  oon< 
dnctor.  The  same  is  the  case  when  we  join  a  nnmber  of  cells  as  we  have  described  them* 
Let  m  be  the  number  of  oeDs  nsed,  then 


I  +  law 


Thns,  if  10  is  small  compared  with  I,  we  increase  the  cturent  by  employing  a  laige  nnmber  of 
cells.  Yet  we  do  not  obtain  an  unlimited  increase  in  the  strength  of  tibe  current,  for  ulti- 
mately mw  in  the  denominator  becomes  great  oomparod  with  B,  ana  the  fraction  becomes 


B^ 
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Lastly,  Ohm's  law  shows  ns  how,  given  a  certain  nnmber  of  cells  and  a  certain  external 
lesistanoe,  to  anange  onr  batteir  so  as  to  produce  the  greatest  current.  With  a  number  of 
oeUs  we  may  make  a  number  of  different  combinations,  each  of  which  would  giro  a  different 
strmgih  of  current  when  applied  to  a  fixed  interpolar  resistance.  Thus  we  might  arrange  them 
all  in  a  series,  and  this  would  be  best,  as  we  have  seen,  when  the  interpolar  resistance  is  very 
great,  or  we  might  couple  the  zinc  to  zinc  and  platinum  to  platinum,  which  would  be  best  with 
an  extremely  small  interpolar  resiBtance ;  or  we  might  couple  sets  of  the  zinc  to  zinc  and 
platinum  to  platinum  and  arrange  these  sets  in  series.  Snppose  we  have  n  ceUs^  and  that  we 
divide  them  into  (  sets  having  s  cells  in  each,  so  that  n^is;  then,  according  to  the  principle 
we  have  laid  down,  the  equation 


S 


i  E 


nE 


tl  +  tw 


expresses  the  strength  of  the  current  in  terms  of  the  electromotive  force  E  and  the  resfstaaoe 
{  that  of  a  single  cell,  and  « that  of  the  interpolar  conductors.  It  is  easy  to  {sore  from  this 
that  S  is  a  TnaTlmnTn,  that  is  to  say,  that  the  greatest  cuzrent  is  obtained  when 

tl 


that  is,  when  the  whole  internal  reidstance  is  equal  to  the  external  redstaaoe.  For  example^ 
give  27  cdls  each  with  an  internal  resLstance  expressed  by  the  number  12,  it  is  required  to 
arrange  them  most  advantageously  to  send  a  current  through  a  interpolar  resistance  expressed  by 
the  number  36.  If  we  arrange  them  in  ajstems  of  3  each  and  make  the  9  systems  to  act  In 
aeries,  we  shall  have 
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9  X  12  +  3  X  36 

It  will  be  found  on  making  the  calculation  that  this  is  the  greatest  current  that  can  be  obtained 
under  the  conditions  given. 

OIL.  A  general  tezm  applied  to  an  immense  number  of  bodies  which  have  certain  physioal 
properties  in  common.  They  may  be  divided  into  two  great  classes,  fixed  oils  and  volatile 
or  essential  oils.  Oils  are  almost  all  liquid  at  the  ordinaiy  temperature,  are  more  or  less  visdd, 
and  insoluble  in  water.  They  are  inflammable  either  at  the  ordinaiy  temperature  or  when 
heated.  The  fixed  oils  are  not  volatile  without  decomposition.  Some  of  them  oxidise  when 
exposed  to  the  air  and  dry  to  a  caoutchouo-like  substance^  whilst  others  are  non-drying.  The 
essential  oils  are  of  a  peculiar  pungent  odour,  distil  without  decomposition,  and  axe  very  inflamm- 
able.   The  following  table  gives  £e  most  important  oils  :— 


Diyliig. 

Linseed  oiL 
Poppy  oiL 
Sunflower  oiL 
Wabiut  oil 
Tobacco  seed  oil* 
Cress  seed  oiL 


FniD  Oils. 

KoB-dxTiaf. 

Almond  oiL 
Beech  nut  oiL 
Castor  oiL 
Cotton  seed  ofl* 
Colza  oiL 


Non-drTlng: 

Earth  nut  oJL 
Oil  of  mustard. 
Bape  seed  oiL 
SenmeoiL 
OUveoiL 
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EsaiHTIAL  OiLB. 

OQ  of  ftnisa.  Oil  of  doTet.  Oil  of  nutmeg. 

Oil  of  bergunot.  Oil  of  Uyender.  Oil  of  onnge  peeL 

GBJeput  oil.  Oil  of  lemon*  Oil  of  peppennint. 

Oil  of  camway.  Oil  of  mint.  Oil  of  rooe. 

Oil  of  cMiiia.  Oil  of  myirli.  Oil  of  thyme, 

on  of  cedar.  Oil  of  neroli  Oil  of  tazpeutiiieu 

OIL  OF  BITTER  ALMONDS.    See  Almondg,  OU  ofBUUr. 

OIL  OF  TURPENTINE.    See  Turpentine,  OU  of, 

OIL  OF  VITRIOL.     See  Svi^ur,  Stdphurie  Add, 

OLEFIANT  GAS.  Known  also  as  ethylene,  hircar^rdted  kydroffen,  and  heavff  eaf^uretied 
hydrogen.  Is  a  colourless  gas,  odourless,  and  iirespirable.  Specific  gravity  0'9784.  Fonnula 
C,H4.  It  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  freely  so  in  ether.  In  chemical 
properties  it  acts  as  as  a  diatomic  radicid,  uniting  with  chlorine,  bromine,  oxygen,  sulphur,  ftc., 
and  forming  ethers  with  the  peroxides  of  various  acid  radicals.  With  the  elements  of  two 
atoms  of  peroxide  of  hydrogen  it  fonns  the  diatomic  alcohol  glycoL    (See  AlcokoU,  Series  of.) 

OLEIC  ACID.  A  fatty  acid  of  the  composition  C^s^u^t*  contained  in  tallow,  olive,  and 
other  oils ;  above  14°  C.  (57*  F.)  it  is  liquid ;  below  that,  it  is  a  white  aystalline  solid.  It  fcnns 
salts  with  bases ;  the  oleate  of  sodium  enters  into  the  composition  of  soap. 

OPACITY.  (Opacitas.)  That  quality  of  a  substance  which  causes  it  to  be  imperviona  to 
light.  The  term  is  sometimes  extended  to  the  whole  spectrum,  thus  we  speak  of  alum  as  being 
opaque  to  heat,  and  orange  glass  as  being  opaque  to  the  actinic  rays.  Opacity  is  the  opposite  to 
t.'ansparency. 

OPACITY  OF  TRANSPARENT  MEDIA  In  the  passage  from  one  medium  to  another 
of  a  different  refractive  index  light  is  always  reflected  ;  and  this  reflection  may  be  so  often  re- 
peated as  to  render  a  mixture  of  two  transparent  substances  practically  impervious  to  light* 
The  frequency  of  the  reflections  at  the  limiting  surfaces  of  air  and  water  renders /oam  opaque ; 
whilst  the  blackest  clouds  owe  their  gloom  to  this  repeated  reflection  which  diminishes  their 
transmitted  light. 

OPALESCENCE  OF  THE  ATMOSPHERE.  Professor  Roeooe  has  carried  out  an  elabo- 
rate  investigation  on  the  opalescence  of  the  atmosphere,  and  has  thrown  light  upon  the  vexed 
question  of  the  cause  of  the  blue  colour  of  the  heavens,  and  the  ruddy  tints  of  sunrise  and  sun- 
set. {Proceedings  of  the  Royal  Institution,  June  i,  1866).  Since  the  time  of  Leonardo  da 
Vind,  this  subject  has  been  a  favourite  ground  for  tiie  di^lay  of  meteorological  speculations. 
Da  Vind,  and,  afterwards,  Groethe,  believed  that  the  blueness  of  an  unclouded  sky  was  due  to 
the  passage  of  the  white  light  tlm>ugh  the  atmosphere  containing  finely  divided  particles. 
Newton  explained  the  blue  colour  of  the  heavens  by  the  existence  in  the  atmosphere  of  veiy 
minute  hollow  vesicles  of  water  upon  which,  as  on  a  soap  bubble,  the  colours  of  thin  plata 
become  perceptible  ;  and  according  as  the  thickness  of  the  walls  of  these  veddes  increased  so 
would  the  colour  change  from  blue  to  yellow,  orange  and  red  ;  and  thus  by  veiy  frequent  reflec- 
tions the  various  tints  from  sky-blue  to  sunset  r^  could  be  explained.  Founded  upon  this 
theory  Claudus  has  calculated  the  relative  intendties  of  direct  sunlight,  and  the  diffuse  reflected 
light  of  the  sky  for  varying  altitudes  of  the  sun.  Some  phydcists  have  assumed  that  the  air 
itself  has  a  blue  colour,  whilst  others  have  admitted  that  if  air  be  of  a  blue  colour  by  r^eeted 
light,  it  diould  appear  red  by  transmitted  light.  Others  again,  in  order  to  avoid  the  diflSculty 
of  explaining  the  great  variety  of  sunset  tints,  have  assumed  these  tints  to  be  an  ocular  decep- 
tion, caused  by  the  presence  of  clouds  which  recdve  and  repeat  the  colour.  Many  phydcists 
have  suggested  that  the  atmosphere  being  filled  with  small  partides  of  floating  solid  matter  acts 
like  an  opalescent  medium,  and  transmits  only  red  light ;  but  it  is  to  BrUcke  {Pogg,  Ann,,  voL 
IxxxviiL,  p.  363),  that  we  are  indebted  for  a  complete  statement  and  masterly  investigation  of 
this  view  of  the  subject.  Forbes  again  {**Onthe  Colour  of  Steam  under  certain  circumstanees^ 
and  on  the  Colours  of  the  Atmosphere,**  Edin,  Trans,  xiv.,  p.  371 ;  PhU,  Mag.  xiv.  xv.  3d  ser.) 
explains  the  phenomena  in  an  entirely  different  manner ;  for  he,  having  observed  that  under 
certain  circumstances  aqueous  vapour,  or  rather  water  in  finely  divided  particles,  is  able  to  ab- 
sorb the  blue  rays,  and  that  the  sun  looked  red  when  seen  through  a  particular  portion  of  a 
jet  of  escaping  steam,  attributes  the  sunset  red  solely  to  the  presence  of  water  in  this  peculiar 
state  of  division.  Dr.  Roscoe  (Phil,  Trans,  1865,  P-  ^5)>  ^^^  explained  the  prindples  of  a 
method  by  the  application  of  which  we  are  able  to  gain  some  knowleidge  of  the  distribution  of 
the  chemically  active  rays  on  the  earth's  surface  and  their  variation  from  time  to  time  (see 
Actinonuter  ;  Daylight,  Actinic  Intensity  of).    By  comparing  the  mean  intendties  for  the  summer 
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And  winter  solstices,  and  the  eqidnozes,  as  measured  at  Manchester,  it  has  been  shown  that  the 
increase  of  chemical  action  from  December  to  March  is  not  nearly  so  great  as  that  from  March 
to  June.    This  difference  cannot  be  attributed  to  the  common  absorption  exerted  by  the  atmos- 
phere, but  may  be  explained  as  being  the  necessary  consequence  of  a  peculiar  absorptive  action 
which  the  atmosphere  effects  upon  the  chemically  active  rays,  and  to  which  the  name  of  opales- 
cence may  be  given.    The  method  adopted  by  Dr.  Boscoe  consists  simply  in  determining  the 
chemical  intensity  of  the  total  daylight  (sunlight  and  diffused  light),  and  immediately  after- 
wards shading  off  the  sun's  direct  rays  by  means  of  a  small  disc  or  sphere  of  metal  whose  appa- 
rent diameter  is  only  slightly  greater  than  that  of  the  solar  disc,  seen  from  the  position  of  the 
sensitive  paper.    In  this  way  the  chemical  intensity  of  the  total  (direct  and  diffused)  light  is 
compared  with  that  given  off  by  the  whole  of  the  heavens  alone,  and  the  difference  gives  the 
chemical  intensity  of  the  direct  sunlight.     Experiment  soon  proved  that  the  relative  intensity 
of  the  actinic  light  coming  directly  from  the  sun  is  very  much  less  than  would  be  ordinarily 
supposed,  judging  from  the  intensity  of  the  visible  light ;  thus  at  Manchester  it  was  found  when 
the  sun  was  12**  j  above  the  horizon,  that  of  lOO  actinic  rays  falling  on  the  horizontal  surface 
less  than  5  were  due  to  the  direct  sunlight,  whilst  95  came  from  the  diffused  light  of  the  hea- 
vens, even  when  the  sky  was  unclouded ;  at  the  same  instant,  of  100  rays  of  visible  light  as 
affecting  the  eye,  60  came  directly  from  the  sun,  and  only  40  from  the  diffused  skylight.    The 
explanation  of  this  anomalous  result  is  thus  given  by  Dr.  Roscoe.    Let  us  take  a  very  slightly 
milky  liquid,  such  as  water  containing  ^th  grain  of  suspended  sulphur  in  the  gallon.     So  slight 
is  the  opiUescence  thus  produced  that  we  can  scarcely  detect  it,  nevertheless  this  minute  trace 
of  very  finely  divided  sulphur  is  sufficient  to  cut  off  the  chemically  active  rays.    We  have  here 
an  exact  imitation  of  the  condition  of  the  atmosphere  as  regards  the  actinic  rays.    We  see  that 
light  of  a  high  degree  of  refraiigibility  cannot  pass  through  the  water  containing  the  finely 
divided  sulphur,  because  it  is  reflected  back  again  by  the  particles  of  sulphur.    If  the  white 
beam  of  the  electric  lamp  be  passed  through  a  tube  3  feet  long  fitted  with  glass  plates  at  each 
end  and  filled  with  a  scarcely  visibly  opalescent  liquid,  all  the  blue,  green,  and  yellow  rays  will 
be  completely  out  off  and  the  emerging  beam  of  light  is  deep  red.    U  the  visible  light  is  dimin- 
ished to  one-third,  by  means  of  opalescent  sulphur  the  chemically  active  rays  are  all  together 
cut  off.     In  opal  glass  we  have  perhaps  a  still  better  illustration  of  the  action  of  minute  parti- 
cles on  rays  of  light.    The  opalescence  of  the  glass  is  caused  by  the  presence  of  very  minute 
particles  of  phosphate  of  lime  or  of  arsenious  add  which  are  dissenunated  throughout  the  mass. 
By  reflected  light  this  glass  appears  white,  or  bluish  white,  by  transmitted  light  it  appears 
orange.    If  we  place  a  bright  source  of  white  light  behind  the  glass  we  see  that  the  direct  rays 
are  red,  whilst  the  ceneral  diffused  light  reflected  from  the  particles  of  the  finely  divided  matter 
in  the  glass  is  blui£  white.    So,  too,  the  atmosphere  is  filled  with  particles  which  reflect  the 
blue  rays  and  transmit  the  red.    What  the  exact  nature  of  these  particles  may  be,  it  is  hard  to 
say.    We  know,  however,  that  the  air  is  alwavs  filled  with  minute  solid  bodies,  as  is  evidenced 
by  the  germs  which  are  coDStantly  present  and  cause  fermentetion  and  putrefactive  decomposi- 
tion.   We  see  it  also  in  the  fact  that  soda  can  always  be  detected  in  uie  atmosphere  by  spec- 
trum analysis.    We  notice  these  particles  as  motes  dancing  in  the  sunbeam,  or  in  those  grander 
paths  of  light  which  sometimes  shoot  up  into  the  sky  from  a  setting  sun.    The  phenomenon 
may,  perhaps,  be  caused  by  that  finely  divided  extra-terrestrial  meteoric  dust  which  is,  accord- 
ing to  many  physicists,  constantly  falling  through  the  atmosphere  to  the  earth's  surface.    These 
solid  particles  in  the  air  fnay  produce  the  above  effects,  and  certainly  could  produce  them  ;  but 
we  must  remember  that  smsJl  particles  of  water  are  also  able  to  transmit  only  red  rays,  and 
that,  as  Forbes  has  shown,  the  glorious  ruddy  tinte  of  the  setting  sun  are  doubtless  partly  caused 
by  aqueous  vapour.    The  following  tables  give  the  results  of  Q^ervations  by  Dr.  Wolkoffat, 
Heidelberg ;  by  Mr.  Baker  at  Kew ;  by  Mr.  Baxendell  at  Cheetham  Hill ;  by  Dr.  Boscoe  at 
Owen^s  College ;  and  by  Mr.  Thorpe;,  at  Para : — 
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OPALS,  OPTICAL  PHENOMENA  OF.  These  have  heeai  examined  by  Mr.  Crookea 
{Proeeedmgi  of  the  Royal  Society,  1869,  p.  448).  When  a  good  fiefy  opal  is  examined  in  day, 
son,  or  artificdal,  light,  it  appears  to  emit  Tivid  flashes  of  crimson,  green,  or  blue  light,  according 
to  the  angle  at  which  the  incident  light  falls,  and  the  relative  position  of  the  opal  and  the 
observer ;  for  the  direction  of  the  path  of  the  emitted  beam  bears  no  miiform  relation  to  the 
angle  of  the  incident  light.  Examined  more  closely,  the  flashes  of  light  are  seen  to  proceed 
from  planes  or  surfaces  of  irregular  dimensions  inside  the  stone,  at  different  depths  from  the 
surface,  and  at  all  angles  to  each  other.  Occasionally  a  plane,  emitting  light  of  one  oolonry 
overlaps  a  plane  emitting  light  of  another  colour,  the  two  colours  becoming  alternately  visible 
upon  slight  variations  of  the  angle  of  the  stone ;  and  sometimes  a  plane  will  be  observed  which 
emits  crimson  light  at  one  end,  changing  to  orange,  yellow,  green,  &c.,  until  the  other  end  of 
the  plane  shines  with  a  blue  light,  the  whole  forming  a  wonderfully  beautiful  solar  spectrum  in 
miniature.  The  colours  are  not  due  to  the  presence  of  any  pigment,  but  are  interference 
colours  caused  by  minute  strisB  or  fissures  lying  in  different  plimes.  By  turning  the  opal  round, 
and  observing  it  from  different  directions,  it  is  generallv  possible  to  get  a  position  in  which  it 
ahowB  no  colour  whatever.    Viewed  by  transmitted  lights  opals  appear  more  or  less  deficient  in 
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tranaparency,  and  haye  a  slight  greenish-yellow  or  reddish  tinge.  If  an  opal,  which  emits  a 
fine  lux>ad  crimson  light,  is  held  in  front  of  the  slit  of  a  spectroscope  or  spectrum-microscope  at 
the  proper  angle,  the  light  is  generally  seen  to  be  purely  homogeneous,  and  all  the  spectrum 
that  is  visible  is  a  brilliant  luminous  line  or  band,  varying  somewhat  in  width,  and  more  or  less 
irregular  in  outline,  but  very  sharp,  and  shining  brightly  on  a  perfectly  black  ground.  If  now 
the  source  of  light  is  moved,  so  as  to  shine  into  the  spectrum  apparatus  through  the  opal,  the 
above  appearance  is  reversed,  and  we  have  a  luminous  spectrum  with  a  jet  black  band  in  the 
red,  identical  in  position,  form  of  outline,  and  sharpness  with  the  luminous  band  previously  ob- 
served. If  instead  of  moving  the  first  source  of  light  (which  gave  the  reflected  luminous  line 
in  the  red),  another  source  of  light  be  used  for  obtaining  the  spectrum,  the  two  appearances  of  a 
coloured  Ime  on  a  black  ground,  and  a  black  line  on  a  coloured  ground,  may  be  obtained  simul- 
taneously,  and  they  will  be  seen  to  fit  accurately.  Those  parts  of  the  opal  which  emit  red  light 
are  therefore  seen  to  be  opaque  to  light  of  the  same  refrangibility  as  that  which  they  emit ;  and 
upon  examining,  in  the  same  manner,  other  opals  which  shme  with  f^reen,  yellow,  or  blue  light, 
the  same  appearances  are  observed,  showing  tiiat  this  rule  holds  good  in  these  cases  also.  It  is 
doubtless  a  general  law,  following  of  necessity  the  mode  of  production  of  the  flashes  of  colour. 

OPAQUE  BODIES,  INDICES  OF  REFRACTION  OF.  As  the  index  of  refraction  is 
the  tangent  of  the  angle  of  polarisation  (see  Pclarinng  AngU\  if  the  polarising  angle  is  known, 
the  index  of  refraction  can  be  calculated.  In  this  manner  it  is  possible  to  ascertain  the  indices 
of  refraction  of  many  opaque  bodies,  such  as  metals,  provided  the  maximimi  polarising  angle  of 
the  body  is  known.  Under  the  heading  Metallic  RefieeHon^  the  polarising  angle  of  several  such 
bodies  is  given,  and  from  these  data  the  following  table  may  be  calculate : — 


KameofSubrtance.  KiSSStiSi. 


Grain  tin. 
Mercury, 
Galena, 
Iron  pyrites, . 
Gray  cobalt,  . 
Speculum  metal,    . 
^timony,  melted . 


491 S 

4893 

4773 
4-511 

4-309 
4'oix 

3844 


NameofSobrt^ca.  B^^txL 


Steel,     . 

Bismuth,        .        • 

Pure  silver,    . 

Zinc, 

Tin  plate,  hammered, 

Jewellers*  gold,      •   . 


3732 
3689 
3-271 

3172 
2-879 

2-864 


OPERA-GLASS.  An  opera-glass  is  a  short  achromatic  telescope,  arranged  so  as  to  give  a 
low  magnifying  power  (two  or  tl^ee  diameters  at  most),  together  with  as  luge  a  field  and  as 
much  light  as  possible.  The  object-glass  is  of  the  ordinary  achromatic  construction,  but  the. 
eye-piece  consists  of  a  concave  achromatic  lens  placed  within  the  focus.  This  prevents  the  in- 
version  of  objects.  An  opera^lass  usually  consists  of  two  barrels  side  by  side,  one  for  each  eye, 
provided  with  rackwork  adjustment.  The  telescope  first  used  by  Galileo  was  of  this  construc- 
tion.    (See  QdLiUan  Tdacopt.) 

OPHIUCHUS.  {t4nt,  a  serpent,  and  $x^t  ^  hxM.  The  serpent-holder.)  One  of  Ptolemy's 
northern  constellations,  sometimes  called  Serpentarius.  It  is  represented  under  the  figure  of  a 
man  grasping  a  serpent.  This  constellation  is  of  great  extent,  and  contains  many  remarkable 
double  stars  and  other  telescopic  objects.    The  star  70  Ophiudii  is  a  well-known  binary. 

OPHTHALMOSCOPE.  (o^aXfu>f,  the  eye,  and  cncovew,  to  view.)  An  instrument  for  view- 
ing the  interior  of  the  eye.  Light  is  condensed  into  the  eye  by  means  of  a  concave  mirror, 
tlirough  a  small  hole  in  the  centre  of  which  the  observer  examines  the  eye  by  means  of  a  lens. 
This  is  the  simplest  form ;  but  ophthalmoscopes  are  now  made  much  more  complicated,  their 
efficiency  being  increased  by  numerous  adjustments. 

OPIUM.  The  dried  juice  of  the  capsules  of  the  white  poppy  {papaver  tomntferum).  It  is 
a  somewhat  hard,  brown,  resinous  mass,  of  a  peculiar  taste  and  odour.  It  is  a  very  complex 
substance,  of  the  highest  medicinal  value,  and  contains  several  alkaloids,  the  most  important  of 
which  are  morphine  and  narcoHne,  which  see. 

OPTIC  AXES  OF  CRYSTALS.  Crystals  which  possess  the  property  of  double  refraction 
(see  Double  Brfraction  of  CryttaU)  exert  it  in  different  degrees,  according  to  the  direction  in 
which  the  ray  of  light  passes  through  them,  llie  direction  along  which  there  is  no  double  re- 
fraction of  the  light  is  called  the  optic  axis  of  the  crystaL  Crrsttds  belonging  to  the  pyramidal 
and  rhombohednd  systems  have  only  one  optic  axis,  and  are  therefore  called  unioaeiaL 
Crystals  belongi^  to  the  prismatic,  oUique,  and  anorthic  systems,  have  two  optic  axes,  and  are 
caUed  biaxial,  Ae  axes  in  biaxial  crystals  may  be  at  any  inclination  to  one  another,  from  a 
few  degrees  to  90^  The  relative  position  of  the  axes  is  altered  by  temperature,  and  sometimes 
raries  according  to  the  coloured  light  by  which  they  are  examined. 

The  following  table  of  the  more  important  biaxial  crystals  gives  the  inclinations  of  their 
optic  axes  to  each  other.    (See  Brooke's  Natural  PhUotophy,  p.  686). 
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Pbivcifal  Axis,  FosinvB. 

Sulphate  of  Nickel,        . 
Biborate  of  soda^    ,        • 
Sulphate  of  baiyta^ 
Heulandite^ 

Sodio  sulphate  of  magnesiA 
Brazilian  topaz,  . 

Sulphate  of  strontia^  . 
Sulphate  of  lime,  .  • 
Nitrate  of  silver,  •  « 
Scottish  topaz, 
Sulphate  of  potash,  • 
Potaaaio  tartrate  of  soda^ 


46-49' 

49''  to  50" 

50V 

60V 

62'i6' 
65V 
67V 
80V 


PBoroiPAL  Axis,  Neqativx. 

Nitrate  of  potash,    .        ,        .  5*2(/ 

Carbonate  of  strontia^      •       •  &*$& 

Talc, 7*24' 

Carbonate  of  lead,    •        •        •  lo'SS' 

Mica,  some  varieties,        .        .  1^0 

Sulphate  of  magnesia,       •        .  ZT^ 

Carbonate  of  ammonia,     .        .  43'*24' 

Sulphate  of  zino^       •        .        .  44''28' 

Sugar,      .....  50V 

Phosphate  of  soda,   .        ,        .  55*'2o' 

Tartrate  of  potash,  .        .        .  7i''2o' 

Tartaric  add,  .        •        •        .  79V 


OPTICAL  PHENOMENA  OF  OPALS.    See  (>paZff,  Opical  Phenomena  of. 

OPTICAL  SACCHAROMETER    See  SaecharomOer,  Optical. 

OPTICS,  {orrucoff  or,  root  of  oraofuUf  future  of  dpcua,  to  see.)  Tlie  science  vhich  treats 
of  the  phenomena  of  light  with  reBpect  to  vision. 

ORBIT.  (Or6tto,  a  wheel-track.)  In  astronomy,  the  path  followed  by  any  celestial  body. 
(See  Planets  ;  Stars,  Double  ;  Lunar  Theory  ;  Keji^ian  System,  ftc. 

ORCEINS.  An  uncrystallisable  colouring  matter  contained  in  commercial  archil  It  is 
prepared  from  orcin  by  the  action  of  ammonia  and  atmospheric  oxvgen.  It  is  slightly  soluble 
in  water  and  very  soluble  in  alcohol,  forming  a  deep  scarlet  solution.  PormuLit  C7H7NO3. 
It  is  sometimes  known  as  lichen-vod. 

ORDINARY  AND  EXTRAORDINARY  RAY  OF  LIGHT.  When  a  ray  of  common 
light  passes  through  a  rhombohedron  of  calcspar,  it  is  divided  into  two  oppositely  polarised 
rays  ;  the  one  which  is  refracted  in  accordance  with  the  general  law  for  transparent  media,  is 
called  the  ordinary  ray,  whilst  that  which  is  refracted  so  .as  to  form  a  greater  angle  with  the 
axis  than  the  ordinaiy  ray  is  called  the  extraordinary  ray. 

ORE.  (Danish,  aart,  a  vein.)  Natural  compounds  of  metals  with  the  non-metallic  elements, 
chiefly  oxygen  or  sulphur,  are  called  ores  of  the  metals.  When  the  metals  occur  by  them- 
selves, or  alloyed  with  other  metals,  they  are  said  to  be  native.  Sometimes  the  mineral  in 
which  the  metal  or  other  valuable  substance  is  found  is  called  the  ore ;  thus  we  hear  of  diamond 
ore,  sulphur  ore,  &c.  In  such  cases,  the  term  matrix  would  be  more  appropriate.  Iron 
pyrites  (native  sulphide  of  iron),  which  is  so  largely  used  as  a  source  of  sulphur,  is  now  caUed 
sulphur  ore. 

ORGAN.  {BpTfOPOP,  an  instrument. )  In  music  a  collection  of  wind  instruments  so  attached 
to  a  key-board  that  they  may  be  played  by  the  fingers  of  a  single  performer.  The  organ  waa 
invented  at  an  early  period,  and  is  attributed  to  Ctesibius,  a  barber  of  Alexandria.  Yitruvius 
mentions  an  organ  which  was  blown  by  the  fall  of  water ;  St.  Jerome  describes  one  with  twelve 
pur  of  beUows,  which  could  be  heard  at  a  distance  of  a  thousand  paoes^  and  of  another  at 
Jerusalem,  which  could  be  heard  on  the  Mount  of  Olives. 

Large  organs  consist  of  several  rows  of  pipes,  with  the  same  series  of  notes  in  each.  When 
a  key  is  pressed  down  by  the  finger,  a  valve  opens  and  allows  air  from  the  bellows  to  pass 
through  an  aperture  in  the  sound-board  into  a  passage  communicating  with  the  pipes  in  eadi 
row  of  the  same  pitch.  By  means  of  stops  usruJly  placed  at  the  side  of  the  organ  key-board, 
and  attached  to  registers  or  slides  in  this  passage,  as  many  of  these  rows  as  are  required  may 
be  opened  so  as  to  play  when  the  air  is  driven  into  the  passage.  By  pushing  in  the  stops,  the 
Qorresponding  rows  are  dosed.  Organ  pipes  either  have  a  vibrating  metallic  tongue,  or  simply 
an  i^)erture  with  a  cross  lip  to  cut  the  air  and  set  it  in  vibration.  The  former  are  termed 
reed  pipes,  and  the  latter  flute  pipes.  The  pitch  of  a  reed  pipe  depends  on  the  length  and 
thickness  of  the  tongue,  the  shape  and  length  of  the  pipe  giving  the  quality  to  the  note ;  while 
the  pitch  of  a  flute  pipe  depends  on  its  length  only.  The  pipes  are  usually  made  either  o£ 
wood  or  of  pewter,  i.e,,  lead  mixed  with  a  small  proportion  of  tin.  The  wooden  pipes  are  usually 
aquare,  and  the  metallic  ones  cylindrical.  The  usual  compass  of  a  large  organ  is  4^  octaves 
played  from  the  key-board,  and  2^  octaves  in  the  pedal^organ  played  by  the  feet.  A  swdl 
organ  is  one  which  is  inclosed  in  a  box  with  shutters,  which  may  be  opened  or  dosed  so  as  to 
give  a  swelling  effect  to  the  sound. 

ORGAN  PIPES.  The  "  Pandean  Pipes"  form  an  instrument  which  illustrates  the 
simplest  form  of  the  wind  organ.  If  a  tube  dosed  at  one  end  be  hdd  with  its  dosed  end  down- 
wanls,  and  its  open  end  pressed  against  the  imder  lip,  and  if  air  be  forced  across  the  open  end, 
a  note  can  be  produced  which  is  shriller  the  shorter  the  tube.    The  Pandean  Pipes  are  a  series 
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o[  such  tubes  bound  together,  along  the  open  ends  of  which  the  month  ii  pmned  ;  tho  tubes 
vxej  fn  length  and  diameter,  and  are  of  auch  dimendoiu  that  the  notes  prodaced  form  a  gsmnt 
or  musical  scale.  In  the  organ  pipe  the  air  is  forced  into  a  sort  of  box  or  mouthpiece,  and 
escapes  therefrom  into  the  air  through  a  narrow  slit  at  the  top  of  the  hoi.  The  pips  fits  on  to 
the  ead  of  this  box.  The  side  of  the  pipe  near  the  ilit  is  depreesed  inwards,  and  slightly  cut 
any,  so  that  tba  sharp  edge  of  the  deptened  portion  ii  just  above  the  nlit  in  the  mouthpiece. 
When  air  is  forced  into  the  mouthpiece,  the  current  ts  i{^t'  upon  the  sharp  edge  of  the  pipe  ; 
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vibrations  produced  per  second  depends  upon  (l)  the  length  of  the  [dpe;  {i)  whether  it  Is  closed 
or  open  at  the  end  ;  (3}  upon  its  depth,  that  is,  the  distsnoe  from  the  &<mt  to  the  back,  eapp»- 
Ing  the  slit  to  be  in  ^e  front.  The  width  of  the  pipe  is  without  effect  upon  the  pitch  of  tlie 
note,  but  affecte  the  loudness.  If  we  euppose  the  pipe  to  give  its  fundamental  note,  the  length 
of  the  pipe,  If  cloeed  at  the  end,  must  be  J  of  the  wave-length  of  the  note.  (Eke  Wavt-ltn^h.) 
In  on  open  organ  idpe  the  length  of  the  pipe  is  (  the  wave-length.  By  diminishing  the  size  □( 
the  slit,  or  increoeiog  the  rapidity  of  the  air  current,  the  harmonics  of  these  notes  can  be  formed. 
It  follows  that  if  two  organ  pipes,  otherwise  alilie  and  treated  alike,  give  the  some  note— one 
being  cloeed  and  the  other  open — the  open  pipe  is  twice  sa  long  as  the  closed  one.  In  onler  to 
ascertain  experimentally  the  condition  of  the  air  as  to  the  poaitiDn  of  its  loops  and  nodes,  that 
ts,  points  of  rest  and  rc^ons  o(  greateet  amplitude  when  the  [dps  Is  sounding  its  fundamental 
note  or  its  harmonics,  a  little  tambourine  of  thin  sUS  p^>eT  may  be  raised  and  depreesed  a* 
the  pipe  is  sounded.  Thos,  in  a  closed  pipe,  the  agitation  is  found  to  be  greatest  at  the  mouth- 
piece, and  to  ili'mini«h  grodiially  to  the  dosed  end  where  there  is  a  node.  In  an  open  pipe  the 
end  of  the  tab«s  the  monthirfeM  and  the  centre,  are  found  to  be  loops  or  regions  of  greatest 
•mplitnde  of  vilnntico,  while  two  nodes  are  found  at  the  distanoe  of  ^  and  f  from  the  mouthueae. 
OBQANIC  FAMILIES,  SERIES  OF.    According  to  Dr.  Odling:— 

idU.  Honatomio  Aolds.  DlstomlD  Adds. 

K  0,  Formic;  — 


C,  H,  0  PtootUc. 
C.  H.,0  Batvlic, 
C,  H„0  Amylic 
C,  HijO  Hexylic. 

"   H„OAQthjlio. 

.  Ai,0  Octjlic. 
Cg  H,gO  Nonyllo, 


C„H„0  Ceijlio. 

^CijHaO  Melyllc 


0,  FrofdMiIo. 
},  Batyric 
3,  Valeric 
3,  Caproio. 
D,  (Ensnthlc 
0,  Thetla. 
3,Pela^ie. 
0,  Rutic. 
9,  Euadia. 
0,  Lanric 
0,  Codnia 
OiMyristlo. 
0,  Benio. 
3,  Palmitlo. 
?,  Afargaria. 
0,  Stearic 
0,  Balenio. 
3,  Aiachidie. 
3,Nudio. 
D,  Cerotio. 
3,Uelissii3, 


0,  PyrotarMo. 
Of  Adipic 
Of  Pimelic 
0,  Suberic 
0.  Anehotc 
O.SebMdo. 


.   fC,H,OAnillc  C,  H,  0,  Collie 

S       C,  H,  0  Benzylio,  C,  Hg  O,  Bontoio. 

I  i  C,  H„0  Xylylic  C,  H,  0,  Tohdc 

I      C,  Hi,0  Retylic.  C,  H„0,  Deltlc 

M    L  Ci,H,^0  Cymylic  C,oH„0,  Cuminic  — 

ORIENTAL  AMETHYST.    Bee  Aluminium. 
ORIENTAL  TOPAZ.    See  Alaninium. 

ORION.  One  of  Ptolemy's  eonstellaticns.  The  oeleitlal  eqnotot  divides  this  constellation 
Into  two  nearly  equal  portions.  It  is,  beyond  i^ueetion,  the  hneat  astarism  in  the  heavens. 
Independently  of  the  bright  orbs  which  render  it  an  object  of  admiration  to  all,  it  is  distin. 
guisbed  among  telnoi^iists  lor  tb*  suiprising  number  of  objects  of  interest  which  it  presoili  to 


ORP 


420 


OSM 


their  observation.  Its  two  leading  orbs,  Betelgeux  and  Bigel,  are  each  remarkable,  the  f onner 
as  one  of  the  most  perplexing  variables  in  the  heavens  (see  Stan,  VariaUe),  the  latter  as  a  fine 
doable.  The  oentnd  star  of  the  belt  (Epsilon)  is  involved  in  nebulosity,  and  recognised  as  a 
variable.  The  lowest  star  of  the  sword  (Iota)  is  also  involved  in  nebulosity.  But  more  inte- 
resting than  either  of  these  objects,  or  than  any  of  the  double,  triple,  and  multiple  stars  with 
which  the  constellation  abounds,  is  the  wonderful  nebula  which  surrounds  the  middle  star 
(Theta)  of  the  sword.  This  amaring  nebula  has,  perhaps,  attracted  more  attention  among  tel^ 
scopists  than  any  other  object  in  the  heavens.     (See  Nelmla.) 

OBPIMENT.    See  Ar»mic,  Svlpkida  of. 

ORRERY.  A  machine  for  showing  the  motions  of  the  planets^  satellites,  ftc.  As  Sir  John 
Herschel  has  well  remarked,  orreries  are  *'  veiy  childish  toys." 

OSCILLATION,  CENTRE  OF.  {OtcUlatio,  from  oteiUum,  a  swing.)  A  point  in  a  pen- 
dulum such  that,  if  all  the  weight  of  the  pendulum  were  concentrated  at  the  point,  and  the 
latter  rigidly  connected  with  the  centre  of  suspension  of  the  pendulum,  the  oscillations  would  be 
perfonned  in  the  same  time  as  before.  It  is  the  distance  of  the  centre  of  oscillation  from  tho 
centre  of  suspension  which  has  to  be  considered  as  the  leogth  of  the  pendulum  in  all  math»> 
matical  calculations.     (See  Pendvlum,) 

OSCILLATIONS,  COEXISTENCE  OF  SMALL.  The  motion  of  any  system  of  bodies 
may  always  be  supposed  to  be  made  up  of  a  number  of  simultaneous  oscillations  anakigoos  to 
those  of  a  simple  pendulum,  each  of  which  is  caUed  a  simple  oscillation.  We  can  determine 
the  motion  of  the  system  from  general  laws  if  we  know  the  conditions  under  which  it  exists  at 
some  particular  instant  of  time.  The  entire  motion  of  a  body  is  made  up  of  all  the  simple 
oscillations  of  which  its  particles  are  capable  under  the  existing  conditions.  When  the  periods 
of  the  simple  oscillations  are  commensurable,  the  whole  system  will  return  to  the  same  state  in 
an  interval  of  time  equal  to  the  least  common  multiple  of  these  periods.  (See  Lagrange's 
Miecmique  Antdytimie.) 

OSMIRIDIUM.    See  IridomiunL 

OSMIUM,  (oa/iih  odour.)  An  element  associated  with  platinum,  usually  oonaideied  to  be 
a  metal,  but  possessing  properties  which  have  led  many  persons  to  consider  it  a  metalloid. 
Symbol,  Os;  atomic  weight,  199;  specific  gravity,  21*4.  It  usually  occurs  alloyed  with 
iridium,  in  the  form  of  metallic-looking  white  grains,  called  osmiridium  or  indotnUne,  It  is 
the  most  infusible  of  all  metals,  as  it  does  not  melt  at  the  temperature  at  which  platinum  is  a 
gas.  In  the  densest  state  in  which  it  has  been  obtained  it  is  a  bluish  white,  rather  spongy, 
metallic  mass,  which  will  scratch  glass.  In  the  pulverulent  state  it  is  very  combustible^ 
forming  osmic  acid.  The  same  oxide  is  also  formed  when  the  compact  metal  is  heated  in  the 
air  to  redness.    The  only  compound  which  we  need  mention  is  the  tetroxide,  known  as 

Oimic  Acid,  (OsO^.)  This  Ib  a  beautiful  crystalline  substance  which  melts  to  a  colouriess 
liquid  below  the  boiling  point  of  water,  and  boils  and  volatilises  a  little  above  that  temperature. 
It  dissolves  in  water  and  also  in  alkalies,  but  it  does  not  appear  to  form  definite  compounds 
with  them. 

OSMOSE.  (w0/iof,  impulsion.)  A  word  used  to  express  the  phenomena  attending  the  pas- 
sage of  liquids  through  a  porous  $qitum  ;  it  includes  endoimo§e  and  exosmose,  terms  which  are 
now  seldom  used.  When  two  saline  solutions,  differing  in  strength  and  composition,  are  sepsr 
rated  by  a  poroas  diaphragm  or  aqttum  of  bladder,  parchment  paper,  or  porous  earthenware, 
they  mutually  pass  through  and  mix  with  each  other ;  but  they  pass  with  unequal  rapidities,  so 
that,  after  a  time,  the  height  of  the  liquid  on  each  side  is  different.  By  placing  pure  water  en 
one  side  of  the  septum,  and  the  saline  solution  on  the  other,  the  rate  of  osmose  can  be  ascer- 
tained for  any  particular  salt.  The  following  table  gives  the  osmose  of  one  per  cent,  solutions 
through  membrane,  each  degree  being  a  rise  or  fall  of  i  millimetre.    (Graham,  PhiL  Trans., 

1855,  p.  177.) 


Oxalic  add. 

Hydrochloric  acid  (o'l  per  cent.]^ 

Terchloride  of  gold. 

Stannic  chloride, 

Platinic  chloride. 

Chloride  of  magnesium, 

Chloride  of  sodium, 

Chloride  of  potassium, 

Nitrate  of  sodium,    . 

Nitrate  of  silver, 

Sulphate  of  potassium. 

Sulphate  of  magnesium, 


-148 

-  92 

-46 

-  30 

-  3 
+     2 

18 

22 

34 
21  to  60 


Chloride  of  calcium, 
Chloride  of  barium. 
Chloride  of  strontium. 
Chloride  of  cobalt,     . 
Chloride  of  manganese, 
Chloride  of  zinc. 
Chloride  of  nickel,    . 
Nitrate  of  lead, 
Nitrate  of  cadmium, 
Nitrate  of  uranium, 
Nitrate  of  copper, 


14  I  Chloride  of  copper. 


20 
21 
26 
26 

34 


125  to  21 1 

234  to  458 
204 

351 
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Stannous  chloride^ 
FeiTOTU  chloride, 
Merooric  chloride^ 
MercurouB  nitrate, 
Mercuric  nitrate^ 


+289  '  Ferric  acetate, 


435 
121 

356 
476 


Acetate  of  aluminium, 
Chloride  of  aluminium, 
Phosphate  of  sodium, 
Carbonate  of  potassium. 


.       +  194 

280  to  393 

540 

311 
436 


(See  also  JXalysU.) 

OXALIC  ACID.  A  white  crystalline  body  of  the  composition  C,H,04.2H30,  which  fre- 
quently occurs  in  the  vegetable  kingdom.  It  may  be  prepared  artificially  by  the  oxidation  of 
sugar,  saw-dust,  and  many  other  organic  substances.  At  about  the  boiling  point  of  water  it 
mdts,  and  at  a  higher  temperature  sublimes,  with  partial  decomposition.  It  dissolves  readily 
in  water,  forming  a  powerfully  add  solution ;  it  unites  with  bases  forming  neutral  and  add 
salts.  In  the  laboratory  it  is  used  as  a  test  for  caldom,  aa  this  oxalate  is  quite  insoluble  in 
water. 

Alkaline  oxalates  are  soluble,  but  most  others  are  insoluble,  or  difficultly  soluble.  With 
many  metallic  solutions  oxalic  add  acts  as  a  reducing  agent ;  under  its  iidfluence  gold  and 
platinum  are  reduced  to  the  metallic  state,  and  per  salts  of  mercury,  iron,  &c.,  are  reduced  to 
protosalts.  The  binoxalate  of  potassium  (C^HEOJ  is  frequently  used  in  the  arts.  It  is  called 
BoUoftorrd. 

OX  AMIDE.  A  light  white  powder  insoluble  in  cold  water  and  alcohol,  but  soluble  in 
boiling  water ;  neutral  to  test  paper.  It  is  obtained  as  a  predpitate  by  adding  ammonia  to 
oxalic  ether,  and  as  a  sublimate  by  the  dry  distillation  of  oxalate  of  ammonia.  Its  composition 
is  CiH^NgO,.    Oxamide  is  the  simplest  term  of  a  series  of  oxamides  containing  alcohol  radicals. 

OXIDATION.    See  Oxygen. 

OXIDE.    See  Oxygen, 

OXYCALCIUM  LIGHT.     See  Lime  Light. 

OXYCOAL-GAS  LIGHT.    See  Lime  Light. 

OXYGEN.    (^(^,  add ;  and  ycpdew,  to  produce.)    The  most  abundant  of  all  the  elements. 
It  is  a  permanent  gas,  and  exists  as  such  in  the  free  state  in  the  atmosphere,  being  there 
mechanically  mixed  with  nitrogen  and  small  quantities  of  other  bodies.  [See  Atmosphere.)  Oxygen, 
in  chemical  combination,  constitutes  more  than  one-half  of  the  earth's  crust,  and  is  present  in 
water  to  the  extent  of  dght-ninths  of  the  total  weight.    Oxygen  was  diacovered  by  Priestley 
in  1774.    Atomic  weight  16.    Symbol  O.    Spedfic  gravity  1*1056.    The  name  was  given  to  it 
under  the  impression  that  it  was  a  necessary  constituent  of  all  adds.    Oxygen  gas  may  be 
obtained  in  a  variety  of  different  ways ;  that  most  usually  adopted  in  laboratories  being  to  heat 
dilorate  of  potash  (mixed  with  a  little  binoxide  of  manganese)  to  redness  in  a  tube  or  retort^ 
when  the  gas  is  freely  evolved.    In  the  piire  state  oxygen  is  colourless,  transparent,  inodorous, 
and  very  slightiy  heavier  than  atmospheric  air.    Water  dissolves  it  to  the  extent  of  3  per  cent 
by  bulk.    The  chemical  affinities  of  oxygen  are  very  intense,  and  with  the  exception  of  fluorine^ 
it  will  enter  into  combination  with  every  element.     In  many  cases  the  act  of  combination  is 
attended  with  a  brilliant  exhibition  of  heat  and  light ;  the  combustion  of  phosphorus,  charcoal, 
or  iron  in  oxygen  constitutes  a  brilliant  lecture  experiment.     In  the  compact  solid  state  few 
metals  are  acted  upon  by  pure  dry  oxygen  at  the  common  temperature.     Even  sodium  remains 
bright  in  it,  but  moisture  promotes  combination,  and  in  some  instances  the  oxidation  gradually 
eats  through  the  whole  mass,  a  familiar  instance  of  which  is  seen  in  the  case  of  iron,  which^ 
when  freely  exposed  to  the  air,  is  gradually  eaten  away  and  converted  into  red  rust,  or  sea- 
quioxide  of  iron.    Oxygen  is  said  to  be  the  great  supporter  of  combustion,  and  is  itsdf  incom- 
bustible ;  but  these  expressions  are  only  relative,  for  a  jet  of  oxygen  gas  will  bum  in  an  atmos- 
phere of  hydrogen  or  coal  gas  just  as  readily  as  a  jet  of  the  latter  "vdll  bum  in  an  atmosphere 
of  oxygen.    It  intensiiies  the  combustion  of  anv  orainaiy  combustible  substance  in  a  very  high 
degree.    A  splinter  of  wood,  or  a  taper  which  has  been  ignited  and  then  blown  out  so  as  to 
leave  only  a  smouldering  red  spark  at  the  tip,  instantlv  bursts  into  flame  when  introduced  into 
oxygen  gas.    The  chemical  action  of  the  atmosphere  is  chiefly  due  to  the  oxygen  which  it  oon- 
tahis.    (See  Atmotphere.)    The  combinations  of  oxygen  are  called  oxidet  generally,  special  names 
and  terminations  being  given  for  the  sake  of  distinction.    Its  combinations  with  the  metals  are 
for  the  most  part  formea  on  the  type  of  one  or  more  atoms  of  water  (H^O),  and  are  called 
hydrates  when  containing  hydrogen.    Thus,  oxide  of  potassium  K^O  corresponds  to  H,0,  and 
the  intermediate  compound  KHO  is  termed  hydrate  ofpoUusium,    Barium  forms  an  oxide  on 
the  type  of  the  double  water  atom  H4O1 ;  thus  we  have  hydrate  of  barium  Ba^H^O^  and  oxide 
of  barium  BajO..    On  the  type  of  three  water  atoms,  H, 0^,  we  have  aluminium,  the  hydrate  of 
whidi  is  A1"^^V^  ;  the  oxide  being  Al^'^Oi.     On  the  quadraple  water  type  H.04  we  have 
hydrate  d  tin  (stannic  hydrate)  K^Sol^O^  ;  we  oxide  (unknown  in  this  case)  would  be  Sn'^iO^. 
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On  the  fiTO  atom  water  type  HjaOb  we  have  pentozide  of  Usmnth  Bi',0(.    The  metallic  and 
non-metallic  oxides  are  described  in  detail  under  the  headiog  of  the  respective  element&    The 
■nbetanoe  called  osone  ia  now  generally  considered  to  be  ozjgen  in  an  aUotropic  condition. 
(See  Ozone.) 
OXYGEN,  TBI-,  AND  TETBA-,  ACIDS.    According  to  Dr.  Odling :— 


Vormnla. 

Tri-oxacU. 

FonnnU. 

TetrtrCxadiL 

HCIO. 

Chloria 

H  CI  0. 

Perchloria 

HBrO. 

Bromic 

HTi  0. 

Periodic 

HI   0, 

lodia 

H  MnO^ 

Permanganic. 

FNO, 

Nitric 

HP  0, 

Metaphosphie. 

H,S    0, 

Sulphuric 

HjSe  O4 

Selenic 

H,S  0, 

Solphurons, 

H,Te  O4 

Telluric 

H,SeO( 

Selenioos, 

H.MoO. 

Molybdic 

HjTeOs 

Tellorous. 

H.V    0, 

Yanadic 

H,VO, 

Yanadons. 

H,W  O4 

Tnngstic 

H,C  Og 

Carbonic. 

H.CrgO^ 

Chromic 

H,Si  0, 

Metasilicio. 

H^MnO^ 

Manganic 

H^nO. 

Stannic. 

H^FeO^ 

Perric 

H.TiOg 

Titanic. 

HjTaO, 

Tantalic. 

H,N  O4 

Orthonitric 

H,P    0, 

Phosphoric 

H,PO, 

PhosphoronB. 

H,AsO. 

Arsenic. 

H,AsO. 

Arsenions. 

H,Sb  O4 

Antimonic 

HjSbO, 

Antimonions. 

H,BiOs 

Biamnthou8(?). 

H4C    0. 

Orthocarix>nie. 

HsB  0, 

Boracic. 

H^Si  O4 

SUidc 

OXYGEN,  SPECTRUM  OP.  The  spectrum  of  oxygen,  viewed  either  from  a  Geissler's 
tube  or  from  the  sparks  of  an  induction  coil  passing  through  oxygen  gas  at  ordinary  density, 
consists  of  a  multitude  of  luminous  bands  or  lines  scattered  over  all  parts  of  the  spectrum. 
Pliicker  has  found  that  oxygen,  like  nitrogen,  gives  spectra  of  the  first,  and  of  the  second  order 
according  to  the  temperature  of  the  sparic  (See  Spectra  of  the  Firtt  Order,  and  Spectra  of  the 
Second  Order.)  

OHYHYDROGEN  BLOWPIPE.  When  a  jet  of  mixed  oxygen  and  hydrogen  gases  in 
the  proportion  to  form  water,  is  forcibly  blown  through  a  blowpipe  nozzle  and  ignited,  a  short 
colourless  flame  is  produced  which  has  a  most  intense  heating  power,  and  in  which  a  thick 
platinum  wire  will  melt  like  wax  in  a  candle,  and  earths  such  as  lime,  magnesia,  or  ziroonift 
are  raised  to  intense  incandescence.  Owing  to  the  danger  of  explosion  in  case  the  flame  should 
run  back  through  the  jet  and  communicate  with  the  reservoir  of  mixed  gases,  the  oxygen  and 
hydrogen  are  now  usually  kept  in  different  reservoirs  and  only  allowed  to  mix  at  the  jet. 

OXYHYDROGEN  LIGHT.    See  Lime  Light, 

OZONE.  {6i'€Ufj  a  scent.)  This  is  supposed  to  be  an  allotropic  condition  of  oxygen,  bat  re- 
searches on  this  subject  have  not  yet  settled  its  composition  with  accuracy,  the  most  recent 
experiments  appearing  to  show  that  it  consists  of  a  triple  atom  of  oxygen  condensed  into  one, 
although,  according  to  Williamson  and  Baumcrt,  it  is  a  tri-oxide  of  hydrogen  (HJ1O3).  It  can 
be  prepared  by  pU^ing  sticks  of  clean  phosphorus  in  a  bottle  of  oxygen  and  half  covering  them 
with  water,  or  by  passing  the  silent  electric  discharge  through  oxygen  gas.  It  may  also  be 
prepared  by  the  electrolysis  of  water  and  other  processes,  but  by  none  of  these  can  it  be  obtained 
pure,  as  it  is  always  diluted  with  a  great  excess  of  ordinary  oxygen.  As  far  as  its  properties 
have  been  ascertained  ozone  is  a  powerful  oxidising  agent.  It  attacks  and  oxidises  at  the 
ordinary  temperature  most  vegetable  colours,  black  ^phide  of  lead,  and  the  metals,  mercury, 
silver,  copper,  &c.  Its  action  on  some  metallic  peroxides  and  peroxide  of  hydrogen  is  somendiat 
curious,  as  in  these  cases  it  acts  as  a  reducing  agent,  giving  off  oxygen  both  from  the  peroxide 
and  from  itself,  as  shown  in  the  following  hypo&etical  equation  which  represents  its  action  on 
peroxide  of  hydrogen  : — 

-  +  —        +-+  -+         +   — 

O  O  O  +  H,  O  O  =  2  O  O  +  H,  O. 

02one  was  discovered  and  has  been  principally  examined  by  Sdionbein.    He  considered  it  to 

be  permanently  negative  oxygen  O,  and  viewed  common  oxygen  as  resulting  from  the  union  of 

-  + 
ozone  and  a  positive  oxygen  which  he  called  antozone,  thus  O  O. 
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PAIiLADIUM.  A  metaDio  dement  belonging  to  the  platinnm  gionp^  disooyered  by  Wol- 
laston  in  1863.  Atomio  weight  126.  Symbol  Pd.  It  is  a  white,  malleable,  and  ductile 
metal.  Specific  gravity  11*4.  It  melts  at  a  lower  temperature  than  platinmn,  beginning  to 
fuse  at  the  highert  temperature  of  a  wind  furnace.  It  ozioises  superfidaUy  when  heat^  to  below 
redness  in  the  air,  but  is  reduced  again  at  a  higher  temperature.  It  is  soluble  in  nitric  acid.  It 
was  formerly  much  used  for  making  the  graduated  circles  of  astronomical  instruments,  as  it  has 
nearly  the  whiteness  of  silver,  and  does  not  tanush.  The  most  remarkable  property  of  palladium 
is  its  power  of  condensinff  hydrogen  in  its  pores,  a  solid  lump  of  palladium  being  capable  of 
absorbing  no  less  than  900  times  its  bulk  of  hydrogen  gas.  Graham,  to  whom  this  discovery  is 
due,  oonddwed  this  combination  to  be  an  alloy  of  palladium,  and  hydrogen  condensed  to  the 
metallic  state,  or  Hydrogenium.     (See  ffydrogenium,) 

PALLAS.    An  asteroid,  discovered  by  Olbers.    (See  Astenids.) 

PAMPERO.    A  wind  blowing  across  the  Pampas  of  Buenos  Ayres  towards  the  sea  coast. 

PANCBATIC  EYE-PIECE,  (voy,  all ;  x/Ktrot,  strength.)  An  eye-piece  capable  of  adjust- 
ment so  as  to  d>tain  a  variable  magnifying  power.    (See  Sye-glauJ) 

PANCREATIN.  The  active  principle  of  the  pancreatic  fluid.  It  is  a  nitrogenous  orffanic 
substance  which  has  the  property  of  emulsifying  oil  and  fat  and  rendering  them  capalue  of 
absorption,  and  it  also  dissolves  starch  by  converting  it  into  glucose.  It  is  a  powerful  agent  of 
digestion.    (See  Animal  Nutrition.) 

PAPIN'S  DIGESTER.  This  apparatus  was  invented  in  the  seventeenth  oentory  by  Denys 
Papin,  a  French  physician,  and  consists  of  a  strong  iron  boiler  provided  with  a  moveable  cover, 
which  is  capable  of  being  screwed  down  air-tight,  and  is  provided  with  a  safety  ynlve.  Water 
is  placed  in  the  vessel  and  heat  applied ;  the  consequence  is  that  the  water  becomes  super- 
heated far  above  the  ordinary  boilmg  point  as  the  pressure  increases.  By  regulating  the  safety- 
valve  any  desired  pressure  can  be  obtained,  and  the  pressure  being  known,  the  temperature  is 
also  known  ;  thus,  if  the  pressure  be  12  atmospheres  the  temperature  of  the  water  will  be  374"  F., 
and  if  24  atmospheres  435*56'*  F.  (See  the  Table  given  imder  the  head  of  Evaporation,) 
Papin  employed  the  digester  chiefly  for  extracting  the  gelatine  from  bones,  which  is  far  more 
eacdly  dissolved  by  water  at  a  high  temperature  than  at  the  ordinary  boiling  point.  It  can 
obviously  be  used  for  any  purpose  of  digestion  or  solution. 

M.  Gagniard  de  la  Tour  has  found  that  at  a  temperature  of  773**  F.  water  no  longer  remains 
fluid  although  submitted  to  the  enormous  pressure  which  results  from  this  temperature.  At  a 
certain  temperature  all  liquids  probably  assume  the  gaseous  condition  in  spite  of  the  pressure  of 
their  own  vapour ;  thus,  at  497*7°  F.  alcohol  becomes  gaseous,  although  existing  under  a  press- 
ure of  1 19  atmospheres,  and  ether  becomes  gaseous  at  369*5''  F.  under  a  preasure  of  37^  atmos- 
pheres.   (See  also  EvaportUion.) 

PARABOLIC  MIRROR.  A  concave  mirror  of  silvered  glass  or  speculum  metal,  the  surface 
of  which  is  worked  to  a  parabolic  curve  so  as  to  be  free  from  spherical  aberration.  The  reflect- 
ing mirrors  of  astronomical  telescopes  are  always  ground  and  polished  to  this  curvature.  The 
pivduction  of  a  true  parabolic  reflecting  surface  is  one  of  the  most  difficult  arts  of  the  optician, 
but  it  has  been  overcome  with  rate  skill  by  Lord  Rosse,  Mr.  Lassell,  Sir  W.  Herschd,  and  more 
recently  by  Mr.  Grubb.  (See  Nichol's  Phytical  Sciences,  article  '' Speculum^*  also  Mx.  Gmbb's 
paper  on  **  The  Great  Melbourne  Telescope,"  PhiL  Tram.,  1869,  part  i.,  page  127.) 

PARABOLIC  LENS.  {wapafioXii,  rapafiaXKta,  to  compare ;  rapa,  beside,  and  fioKhM,  to 
throw.)  A  lens  ground  to  a  parabolic  surface  is  free  from  spherical  aberration,  but  the  difficnltiea 
of  grinding  this  are  so  great  that  these  lenses  are  not  made.  Spherical  aberration  may  be  over- 
come by  other  means.    (See  Aberration,  SpherieaL) 

PARACENTRIC  MOTION.  When  a  body  is  travelling  around  a  centra  the  resolved  part 
of  the  body's  motion  in  the  direction  of  the  centre,  that  is,  the  part  of  its  motion  by  which  its 
distance  £rom  that  centre  is  diminishing  or  increasing,  is  called  its  paracentric  motion. 

PARAFFIN.  (Parmm,  little;  qtSnie,  affinity.)  There  are  several  substances  known  in 
oommeroe  under  this  name.  It  is  usually  applied  to  a  white,  solid,  translucent  substance,  free 
from  odour  and  taste,  somewhat  crystalhne  in  texture,  of  specific  gravity  about  0*87,  melting  at 
about  50°  C.  (122*  F.),  and  volatilising  at  a  high  tempecature.  It  is  but  slightly  acted  on  bj 
reagents,  hence  its  name.  Its  oihfmical  composition  is  most  probably  that  of  a  mixture  of 
several  hydrides  of  the  higher  alcohola— such  as  cerotene  or  cerotic  hydride  (CgjHg.),  melene  or 
melinic  hydride  (C|oHn)---the  lowest  of  this  series  being  marsh  gas,  methylic  hydMde  (CHJ, 
AlcohoUo  hydrides,  as  they  get  lower  in  the  series,  become  liquid  at  the  common  temperature^ 
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ftnd  are  then  known  m  paraffin  cSL    Paraffin  b  obtained  in  enormoos  qnantitieB  in  the  dry  dis- 
tillation of  wood,  coal,  bitominoiu  shale,  petroleum,  peat,  and  lignite. 

PARAFFIN  OIL.     See  Paraffin. 

PARALLACTIC  INEQUALITY,  MOON'S.    See  Lunar  Theory, 

PARALLAX.  (rafaXdtf-o-w,  to  shift  place.)  In  astronomy,  the  apparent  change  of  place  of 
a  celestial  object  which  would  be  caused  by  an  apparent  change  in  the  ob»Nrver's  position.  Thna^ 
if  an  observer  at  a  given  station  sees  a  celestial  object  at  one  point  of  the  heavens,  while  an 
observer,  supposed  to  be  at  the  earth's  centre,  would  see  it  at  another  point,  the  aro  between 
those  two  points  on  the  celestial  sphere  is  called  the  diurnal  paraUax  of  the  body,  because,  as 
the  earth  rotates  on  her  axis,  the  value  of  the  aro  would  chaxijBfe.  On  the  other  hand,  if  a  fixed 
star  is  seen  at  a  given  point  on  the  heavens,  while,  as  supposea  to  be  seen  from  the  sun's  centre, 
it  would  be  at  another  point,  the  aro  between  those  points  is  called  the  star's  annual  pandlaXf 
because  it  will  vary  in  value  as  the  earth  travels  round  the  sun. 

A  moment's  consideration  will  show  that  the  diurnal  paraUaz  of  a  heavenly  body,  viewed 
from  a  given  station,  will  attain  its  maximum  value  when  the  body  is  on  the  horizon.  This 
ytMLTiwnwi  value  is  called  the  horiaontal  paraUax  of  the  body.  Further,  the  horizontal  p^r^-Tl^y 
will  clearly  be  greatest  at  the  equator.  The  horizontal  parallax  of  a  heavenly  body,  as  seen 
from  the  equator,  is  called  the  body's  equatorial  horizontM  pareUlax. 

The  moon's  mean  equatorial  horizontal  parallax  is  5/4*17^,  and  therefore,  though  minute, 
admits  of  being  readily  measured.  It  is  not  so  with  the  sun,  however,  whose  mean  equatorial 
horizontal  par^lax  is  somewhat  less  than  9".  It  is  on  this  account  that  the  determination  of 
the  sun's  distance  is  so  difficult  a  problem.    (See  Sun*8  Distance,) 

The  annual  paraUax  of  the  fixed  stars  is  even  more  minute,  and  has,  in  fact^  only  been  deter- 
mined in  the  case  of  one  or  two  stars.    (See  Stare, ) 

PARALLEL  FORCES.    See  Compotition  of  Forces. 

PARALLEL  LINE  POSITION  MICROMETER  This  is  similar  to  the  »pider4hread 
nUerometerf  only  there  are  two  spider  threads,  each  of  which  traverses  the  field  of  view,  and  is 
moved  by  a  separate  screw  and  graduated  milled  head.  A  position  circle  is  sometimes  attached 
to  it.    (See  Micrometer  Eye-piece.) 

PARALLEL  MOTION.  In  the  steam-enrine,  a  contrivance  for  changing  a  reciprocating 
circular  motion  into  a  reciprocating  rectilineu  motion.  There  are  sevend  kinds  of  paraUd 
motion,  the  most  noted  bemg  that  invented  by  Watt,  and  called  by  his  name.  It  consists  of 
a  combination  of  jointed  rods,  by  means  of  which  the  rectilineal  motion  of  the  piston-rod  may 
produce  the  oscillation  of  the  beam  of  the  engine.  Let  A  denote  the  end  of  the  beam  to  which 
the  piston-rod  is  attached,  and  let  us  suppose  it  to  be  on  the  right.  As  the  beam  oscillates 
about  a  fixed  centre,  its  extremity,  A,  describes  a  circular  aro ;  hence,  if  the  piston-rod  were 
attached  directiy  to  the  beam,  it  would  be  exposed  to  a  strain  alternately  towards  the  right  and 
left,  which  would  interfere  with  the  efficient  working  of  the  engine.  The  object  of  the  parallel 
motion  is  to  prevent  this  lateral  strain  on  the  piston.  Let  B  be  a  point  in  the  beam  near  to 
the  extremity  A ;  two  equal  rods  are  attached  by  joints  to  A  and  B,  and  their  extremities  aro 
jointed  to  another  rod  C  D,  equal  in  length  to  A  B.  Thus,  A  B  C  D  is  a  jointed  parallelogram. 
The  point  D  is  connected  with  the  piston-rod.  Another  rod,  C  E  suppose,  has  one  end  attached 
to  the  joint  C,  and  the  other  to  a  fixed  point  E,  as  nearly  as  possible  in  the  plane  of  the  paral- 
lelogram, and  outside  it.  Now,  the  joints  A  and  B  play  in  arcs,  the  centre  of  which  is  the 
middle  point  of  the  beam ;  consequentiy  their  convexity  is  presented  to  the  right.  The  joint  C, 
or  Hnk,  as  it  is  called,  moves  upon  the  nxed  centre  E,  and,  consequentlv,  plays  in  an  aro  whose 
convexity  is  presented  to  the  left — that  is,  contrary  to  the  former.  Widle  the  point  A  throws 
the  upper  end  of  the  link  AD  to  the  right,  in  consequence  of  the  convexity  of  its  play  being  on 
that  side,  the  point  C  throws  the  end  C  of  the  rod  C  I)  to  the  left.  The  action  of  the  first  on 
the  point  D  will  tend  to  move  it  to  the  right,  and  the  action  of  the  second  motion  on  the  point  D 
will  tend  to  move  it  to  the  left.  Now,  the  proportion  of  the  lengths  of  the  rods  is  so  niccdy  ad- 
justed, that  the  effect  of  the  rod  C  E  in  throwing  the  point  D  to  the  left  is  exactiy  equal  to  the 
effect  of  the  beam  in  throwing  it  to  the  right ;  and  the  result  of  this  mutual  compensation  is, 
that  the  point  D,  to  which  the  end  of  the  piston-rod  ia  jointed,  is  thrown  neither  to  the  right 
nor  to  the  left,  but  is  moved  upwards  and  downwards  in  a  straight  line.  The  utility  of  the 
motion  therefore  depends  on  the  fact  that,  if  the  two  upper  angles  of  a  jointed  parallelogram 
describe  arcs  about  the  same  centre,  and  one  of  the  lower  angles  describes  an  aro  having  its 
convexity  opposite  to  the  first,  the  fourth  angular  point  will  move  nearly  in  a  straight  line.  The 
whole  line  tiuced  out  by  this  point  is  really  a  very  elongated  letter  8,  termed  in  geometry  a 
lemniscate.  In  Watt's  parallelogram,  the  motion  of  the  parts  is,  however,  restricted  within 
such  limits  as  will  make  the  motion  of  the  fourth  point  differ  insensibly  from  a  straight  line. 

White's  parallel  motion  consists  of  two  spur  wheels,  one  of  which  roUs  within  the  other,  tha 
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diameter  of  the  smaller  being  half  that  of  the  latter.  It  may  be  proved  by  geometrical  reason- 
ing, that  if  a  circle  be  made  to  roll  within  another  circle  of  twice  its  radius,  a  point  in  the  cir* 
comference  of  the  smaller  circle  traces  out  a  straight  line,  which  is  a  diameter  of  the  larger 
circle  ;  hence,  if  the  end  of  a  piston-rod  be  attached  to  a  point  in  the  pitch  circle  of  White's 
smaller  wheel  or  pinion  as  the  wheel  revolves,  the  rod  will  move  in  a  straight  line. 

PARALLELOGRAM  OF  FORCES.  The  principle  that  when  two  forces  are  represented 
in  magnitude  and  direction  by  two  adjacent  sides  of  a  parallelogram,  the  resultant  is  represented 
in  magnitude  and  direction  by  the  diagonal  of  the  parallelogram  passing  through  the  point  of 
application  of  the  forces.     (See  Composition  of  Forces.) 

PARALLELOGRAM  OF  VELOCITIES.  The  principle  of  the  composition  of  velo- 
cities. If  two  velocities  imparted  simultaneously  to  a  particle  be  represented  in  magnitude 
and  direction  by  two  adjacent  sides  of  a  parallelogram,  the  resultant  velocity  wjll  be  repre- 
sented in  magnitude  and  direction  by  the  diagonal  of  this  parallelogram  drawn  through  the 
particle. 

PARALLELOPIPED  OF  FORCES.  A  deduction  from  the  parallelogram  of  forces,  stat- 
ing that  if  three  forces  acting  on  a  point  be  represented  in  magnitude  and  direction  by  the  three 
sides  of  a  purallelopiped,  their  resultant  will  be  represented  in  magnitude  and  direction  by  the 
diagonal  of  the  parallelepiped  through  the  point  of  application.  For  the  resultant  of  two  of  the 
forces  is  represented  by  the  diagonal  of  that  face  of  the  parallelopiped,  of  which  they  form  the 
adjacent  sides ;  and  the  resultant  of  this  force  with  the  third  is  represented  by  the  dtagonal  of 
the  parallelopiped  through  the  point  of  application.    (See  Composition  of  Forces.) 

PARALLELS,  MAGNETIC.    See  MagneUe  ParaUds, 

PARAMAGNETIC.  Faraday,  on  discovering  that  all  bodies  are  subject  to  magnetic  influ- 
ence, and  thus  doing  away  with  me  old  distinction  into  magnetics  and  wmrmagnetics,  spoke  of 
all  substances  as  behig  magnetic,  and  divided  them  into  paramagMtic  and  diamagneUc  Taking 
common  air  and  vacuum  as  a  zero,  he  called  paramagnetic  all  those  bodies,  such  as  iron,  nickel, 
cobalt,  which,  suspended  in  air,  tend  with  respect  to  it  to  move  to  parts  of  the  magnetic  field  of 
greator  intensity ;  and  all  bodies,  like  bismuth,  which  move  in  air  to  weaker  parts  of  the  mag- 
netic field,  he  called  diamagnetic.  We  have  considered  the  subject  as  fully  as  our  limits  aUow 
under  Diamagnetics  and  Magnetism, 

PARANAPHTHALINE.    See  Anthracen. 

PARASELENE,  (ra/xi,  beside,  and  aeXrivrf,  the  moon.)  A  mock  moon.  The  appearance 
of  a  luminous  disc  near  the  moon,  dae  to  the  same  cause  as  that  which  produces  parheUa.  (See 
Parhdion;  Halo.) 

PARATARTARIC  ACID.     See  Tartaric  Acid, 

PARCHMENT  PAPER.  When  unsized  paper  is  plunged  into  a  cold  mixture  of  two  parts 
of  cone,  sulphuric  acid  and  one  part  of  water,  and  after  a  few  seconds  removed  and  well  washed 
in  abundance  of  pure  water,  it  will  be  found  that  whilst  its  chemical  composition  remains  the 
same  (see  Cellulose)  its  physical  properties  are  entirely  altered.  It  is  converted  into  a  tough 
membranous  body  resembling  parchment,  hence  its  name,  whilst  its  strength  is  enormously 
increased,  so  that  a  strip  wUch  originally  would  not  support  more  than  tluee  or  four  pounds 
weight  when  dry,  and  scarcely  an  ounce  when  wet,  will  now  carry  over  thirty  pounds  either 
wet  or  diy.  Parchment  paper  is  now  largely  manufactured,  and  it  is  of  great  use  for  replacing 
pardmient,  as  well  as  for  covering  jam  pots,  &c.  To  the  chemist  it  is  invaluable  as  f onning  the 
most  e£Scient  septum  for  the  process  of  dialysis, 

PARHELION,  (irapa,  beside,  and  i^Xtot,  the  sun.)  A  mock  sun.  It  is  due  to  the  same 
phenomena  of  refraction  as  those  which  produce  halos  and  paraseUna,  Sometimes  a  white  band 
parallel  to  the  horizon  is  seen  crossing  the  sun,  and  possessing  about  the  width  of  its  disc.  At 
each  extremity  is  a  luminous  image  of  the  sun,  sometimes  coK>ured  like  halos.  Tangent  circles 
sometimes  proceed  from  these  disoB.  Marriotte  considered  that  all  these  phenomena  are  due  to 
refraction  through  oiystals  of  ice,  and  calculation  appears  to  confirm  this  view.  (See  HalOf  and 
Paraselene.) 

PARTIAL  0T7RRENT.    See  Derived  Currents. 

PARTIAL  DISPERSION.  A  term  used  to  expreas  irrationality  of  dispersion  (which  see). 
The  total  dispersions  of  sulphuric  acid  and  oil  of  cassia  prisms,  for  instance,  may  be  the  same, 
but  their  partial  dispersions,  comparing  similar  colours,  are  very  different. 

PARTIAL  ECLIPSE.    See  EcUpse, 

PARTIAL  POLARISATION.    See  Polarisation,  Partial 

PASCAL'S  LAW  OF  PRESSURE.    See  Pressure  through  Liquids, 

PATH  OF  A  PROJECTILE.    See  ProfeeUU. 

PATTINSON'S  PROCESS.    See  Lead, 

PAYO.    (The  Peacock.)    One  of  Bayer's  soathem  constellations.    It  Is  remarkably  rich  in 
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Indd  sUn,  and  is  one  of  the  few  modem  oonstellatioiis  which  beats  any  reeemUanoe  to  the 
object  with  which  it  has  been  aasodated. 

PEARL  ASH.    See  Carbon,  CarbonaU  qfPotamim, 

PEARL  WHITE.    See  BismiOh. 

PEGASUS.  One  of  Ptolemy's  northenoi  oonatellationa,  repnaented  under  the  figme  of  a 
winged  hone,  whoae  hind  quarters  however  do  not  appear  in  the  maps.  Three  of  the  stars  of 
this  oensteDation,  (Alpha,  Beta,  and  Gamma),  form  with  Alpha  AndiomedsB  a  ooospicaoai 
aqoare.    According  to  Bayer's  lettering  the  star  Alpha  Andromede  is  Delta  PegasL 

PELOPIUM.    See  Columbium. 

PENDULUM.  {Pendeo,  to  hang,  suspend ;  pmduLum,  a  small  suspended  body. )  Pendufaims 
are  of  several  kinds.  When  a  small  heavy  pacticle  is  attached  by  a  fine  thread  to  a  fixed  point 
it  f onus  a  simple  pendulum.  Suppose,  for  example,  a  small  bullet  to  be  suspended  by  a  veiy 
fine  thread,*and  caused  to  oscillate  in  an  arc  not  exceeding  2^ ;  then  the  bullet  will  observe  the 
laws  of  the  simple  pendulum ;  (i.)  the  motion  wiU  be  isochronic ;  (2.)  the  time  of  an  oedllatifln 
win  be  independent  of  the  weight  of  the  particle ;  (3.)  will  vary  as  the  square  root  of  the  length 
of  the  string ;  and  (4.)  will  vary  inversely  as  the  square  root  of  the  force  of  gravi^  at  the 
locality  in  wliich  the  experiment  is  made.  Hence,  in  the  same  place,  the  seconds*  pendulum  is 
idways  of  the  same  length,  but^  in  consequence  of  the  variation  of  gravity,  is  different  for  dif- 
ferent points  on  the  earth's  surface.  The  length  of  the  seconds'  penidulum  in  London  is  39x347 
inches. 

By  the  third  law,  a  pendulum  one  fourth  of  this  length  will  oscillate  twice  in  a  second ;  a 
pendulum  one  ninth  of  the  length,  three  times  in  a  second  and  so  on. 

Pendulums  in  which  the  vibrating  body  is  of  considerable  size  are  termed  compound 
pendulums.  Suppose  a  block  of  wood  to  be  so  attached  by  a  point  in  it  that  it  is  free 
to  oscillate  in  a  certain  plane.  Let  the  time  of  a  small  oscillation  be  accurately  noted,  and 
detennine  the  length  of  the  simple  pendulum  which  would  make  a  small  oscillation  in  the  same 
time.  This  length  is  called  the  '*  length  of  the  simple  equivalent  pendulum."  Suppose  in  the 
body  a  point  be  taken  at  a  distance  horn,  the  fixed  point  equal  to  the  length  of  the  simple 
equivalent  pendulum.  This  point  is  called  the  centre  of  oscillation,  and  the  fixed  point  the 
centre  of  suspension.  The  line  joining  the  two  centres  passes  through  the  centre  of  gravity  of 
the  body.  It  is  an  important  law  that  the  centres  of  oscillation  and  suspension  are  convertible, 
and  the  time  of  oscillation  about  each  is  the  same.  The  simplest  body  which  will  serve  as  an 
illustration  is  a  straight  rod  or  wire.  If  the  rod  be  attached  at  one  extremity  the  time  of 
oscillation  will  be  the  same  as  that  of  a  simple  pendulum  having  two-thirds  of  its  length. 
Hence  by  the  above  law  we  see  that  the  time  of  oscUlation  wiU  be  the  same,  whether  the  rod  be 
suspended  from  either  extremity  or  at  either  of  the  points  found  by  dividing  the  rod  into  "three 
equal  parts.  The  oscillations  of  a  rigid  body  have  been  made  use  of  to  detennine  the  force  of 
gravity  at  different  points  on  the  earth's  surface.  It  has  been  shown  that  the  time  of  oscillation 
varies  directly  as  the  square  root  of  the  simple  equivalent  pendulum,  and  inversely  as  the  square 
root  of  the  acceleration  due  to  gravity.  Hence  this  acceleration  can  be  detennined  as  soon  as 
the  length  and  time  are  known.  Accurate  experiments  have  been  made  on  this  plan  by  Captain 
Eater,  (see  Phil.  Tram.  1818,  and  Encyc,  Metrop.),  and  again  with  a  coirection  for  the  attrao 
tion  of  the  intervening  land,  so  as  to  give  a  value  for  the  acceleration  at  the  level  of  the  sea, 
by  Dr.  Young,  (PhiL  Tram,  18 19) ;  also  by  the  Astronomer  Royal,  in  Harton  ooal-pit  in 
1854,  (see  PhU.  Trant.  1856).  For  still  more  accurate  corrections  see  Phil.  Tram.  1831,  and 
Csmbridge  PkH.'  Tram.  voL  ix. 

The  experimental  determination  of  the  length  of  the  seconds'  pendulum  has  also  been  applied 
to  furnish  a  standard  of  length  which  shall  be  invariable,  and  capable  of  recovery  at  any  time. 
By  an  Act  of  Parliament,  5  Greo.  IV.,  the  yard  is  defined  as  36  parts,  of  which  there  are  39*1393 
in  the  leng^  of  a  pendulum  vibrating  seconds  of  mean  time  in  the  latitude  of  London  in  vacuo 
at  temperature  62**  F. 

For  a  third  use  see  Bordogy. 

PENETRATION,  ELECTRIC;  or,  Petui/rtOion  rf  Chairge,  The  phenomenon  of  the 
ftmdAud  charge  in  a  Leyden  jar  is  explained  on  the  supposition  that  owing  to  the  intensely 
strained  concUtion  under  which  they  are,  the  molecules  of  the  dielectric  become  bodily  charged 
to  a  small  extent,  the  electricity  of  the  jar,  as  it  wore,  penetrating  the  glass.  When  the  jar  is 
discharged,  this  electricity  is  again  forced  outwards  to  the  coatings,  the  molecules  of  the  glass 
tAnHmg  to  return  to  their  normal  oondition.  To  investigate  tiie  laws  of  the  phenomenon  a 
plate  of  insulating  material  is  furnished  with  removeable  metallic  coatings.  These  are 
chazged,  allowed  to  remain  so  for  some  time,  and  then  dischaiged  and  removed.  At  first 
no  signs  of  electricity  are  discovered  on  the  surfaces  of  the  didectric,  but  by  degrees  they 
appear,  as  may  be  ascertained  with  the  proof  plane,  each  side  becoming  electrified  in  the  same 
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way  as  its  ooating  was.  It  is  found  that  the  amount  of  penetration  increases  with  the  intensity 
ol  the  original  charge,  and  with  the  length  of  time  it  has  been  allowed  to  act ;  it  also  depends  on 
the  natnre  of  the  insulator.  Faraday  showed  that  the  residual  charge  was  greatest  with 
piffftffiTi ;  greater  with  shell-lao  than  with  glass,  and  greater  with  glass  than  with  milphur. 

PENIJMBRA.  {Ptntt  almost,  and  wmhro^  a  sIumLow.)  In  astronomy,  a  partial  shadow. 
Thus,  in  a  lunar  eclipse  those  parts  of  the  moon  which  are  illumined  by  a  portion,  but  not  the 
whole  of  the  solar  disc's  light  are  said  to  be  in  the  earth's  penumbra.  In  a  solar  eclipse  those  parts 
of  Uie  earth  which  are  illumined  by  a  portion,  but  not  the  whole  of  the  solar  disc  are  in  the  moon's 
penumbra.  Those  parts  of  sun-spots  which  are  less  dark  than  the  umbra  are  termed  the  pen- 
umbra.   (See  also  Shadow,) 

PEPSIN.  The  active  principle  of  the  gastric  juice.  Its  peculiarity  is  that,  in  the  presence 
of  an  add,  it  converts  almost  every  description  of  albuminous  and  fibrinous  matter  into  a 
soluble  form  of  albumen,  which  is  capable  of  very  easy  absoiptaon.    (See  AnifMH  Nutrition,) 

PERCHLORIC  ACID.    See  Chlorine. 

PERCUSSION.  {Percuitio.)  The  act  of  striking  one  body  agamst  another.  The  shook 
arising  from  the  collision  of  two  bodies.    (See  Impact.) 

PERIGEE.  {fr€pl,  near  by ;  and  yrf,  the  earth.)  In  astronomy  that  part  of  the  moon's 
orbit  which  is  nearest  the  earth.    (See  Apogee. ) 

PERIHELION,  {replj  near ;  and  1Ji\toSy  the  son.)  That  point  of  the  orbit  of  any  planet, 
oomet,  or  meteor,  which  is  nearest  to  the  sun. 

PERIOD.  {w€plo8oSf  a  going  round.)  In  astronomy  the  interval  of  time  oocupied  by  a 
planet  or  comet  in  travelling  once  round  the  sim,  or  by  a  satellite  in  travelling  round  its  primary. 

PERISCOPIC  SPECTACLES,  (ve^  around ;  and  CKortw,  to  see.)  A  form  of  spectacles 
invented  by  Dr.  WoUaston.  The  lenses  are  of  meniscus  shape,  and  give  a  wider  field  than 
double  convex  or  double  concave  glasses.    (See  l^peetacUe.) 

PERMANENT  VIBRATIONS,  or,  as  they  are  sometimes  called,  etationary  vibrations,  are 
distinguished  from  progreuive  vibrations,  or  waves  of  varying  density  and  tension.  Thus,  if  an 
elastic  rod  fastened  at  one  end  be  set  in  vibration,  all  portions  of  the  rod  move  together,  and  in 
the  same  direction.  They  commence  moving  at  the  same  time,  continue  moving  for  the  same 
time,  arrive  at  their  respective  positions  of  maximum  disturbance  at  the  same  time,  and  com- 
mence simultaneously  their  return  journey.  Such  vibrations  are  called  stationary  or  permanent. 
If,  however,  (see  Propagation  of  Sound)  a  state  of  compression  passes  through  a  medium,  the 
portions  of  the  medium  nearer  to  the  sonorous  body  will  be  the  first  to  be  affected,  and  those 
more  remote  will  be  influenced  subsequentlv  according  to  their  distance  from  the  sonorous  body. 
Such  vibrations  are  called  progressive.    All  undulations  are  progressive. 

PERPETUAL  MOTION.  A  chimerical  idea  which  has  possessed  the  human  mind  in  for- 
mer times,  and  is  at  present  occasionally  held  by  persons  having  insufficient  knowledge  of 
mechanical  science,  to  the  effect  that  it  is  possible  to  obtain  a  machine  which  will  continue  to 
do  external  work  without  the  application  of  external  energy.  The  subject  has  held  a  place  in 
physics  similar  to  that  occupied  in  chemistry  by  the  search  for  the  '*  elixir  of  life,"  and  for  a 
method  of  r^^^^^g  the  baser  metals  into  gold.  Every  machine  when  in  action  does  work,  for 
it  is  impossible  to  construct  a  machine  in  which  there  is  a  total  absence  of  friction ;  and  if  no 
other  work  be  done,  the  machine  has  to  overcome  the  friction  and  other  resistances  to  the 
motion  of  its  parts.  The  performance  of  work  involves  the  transmutation  of  one  f onn  of  energy 
into  another,  and  the  total  amount  of  energy  of  the  machine  when  left  to  itself  is  diminished 
by  that  which  it  parts  with  in  the  transformation.  Hence,  it  is  onlv  possible  to  obtain  from  a 
machine  that  is  not  regularly  supplied  with  energy  from  without,  a  aennite  and  limited  amount 
of  work  ;  in  other  words,  perpetual  motion  is  impossible.     (See  Energy;  Conservation  of  Energy.) 

PERSEUS.  One  of  Ptolemy's  northern  constellations.  This  asterism  is  exceedmgly  rich, 
and  contains  many  objects  of  great  interest.  The  splendid  double  cluster  of  stars  in  the  sword 
handle  of  Perseus  is  perhaps  the  most  amaring  group  of  stars  in  the  heavens.  Even  a  small 
telescope  rev^ds  a  large  number  of  stars  within  the  group,  but  iu  a  good  telescope  the  dusters 
exhibit  an  amazing  richness  of  stellar  aggregation.  The  star  Algol  is  another  remarkable 
feature  of  this  constellation.  The  variations  of  this  orb  aie  described  elsewhere.  (See  Starg, 
VariabU.) 

PERSIAN  WHEEL.  A  machine  for  raising  water  by  means  of  the  action  of  a  stream  of 
water  on  a  wheeL  It  consists  of  an  ordinary  water-wheel,  having  buckets  attached  at  regular 
intervals  around  a  drde  near  the  drcumferenoe.  The  backets  are  not  firmly  fastened,  but  are 
hune  upon  strong  projecting  pins.  Suppose  the  whed  to  tun  in  the  same  direction  as  the 
hands  of  a  watc^  then  the  Duckets  descend  on  the  right  and  go  down  into  the  water,  where 
they  are  filled  and  ascend  on  the  left  till  they  readi  the  top.  Mere  they  come  in  contact  with 
the  end  of  a  fixed  trough,  and  are  turned  over  so  as  to  empty  the  water  into  the  trough,  from 
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whicli  it  is  oonyeyed  by  pipes.  As  each  bucket  passes  the  trough  it  falls  again  into  the  vertical 
position,  and  so  goes  down  empty  into  the  stream,  where  it  is  filled  as  before. 

In  another  form  of  the  wheel  used  to  raise  water  only  as  high  as  the  axis,  the  backets  are 
replaced  by  cmred  hollow  spokes,  which,  in  the  lowest  position,  have  their  convexity  directed 
downwards.  As  the  wheel  turns,  the  water  rises  in  the  hollow  spokes,  and  runs  out  into  a 
trough  placed  immediately  below  the  axis. 

PERSISTENCE  OF  VlSIJAL  IMPRESSION.  The  letSna  will  recdve  a  luminoua  im^ 
piession  instantly ;  an  electric  spark  lasting  the  millionth  part  of  a  second  is  plainly  seen,  but 
the  eye  does  not  lose  an  impression  with  equal  rapidity,  for  it  reqtures  about  one-third  of  a 
second  for  the  impression  to  subside.  It  follows  from  this  that  a  luminous  point  pasnng  acrosi 
the  field  of  view  in  a  less  time  than  this,  appears  drawn  out  to  a  luminous  line ;  thus  forked 
lightning  appears  a  continuous  line  of  light,  and  shooting  stars  are  also  elongated  to  lines.  If  two 
pictures  are  successively  presented  to  the  retina  with  great  rapidity,  they  become  superposed 
owing  to  this  property ;  the  thaumatrope,  phenakistoscope,  and  coetrope  are  toys  based  on  the 
phenomena  of  persistence  of  vision. 

PHACT.     (Arabic.)    The  star  a  of  the  constellation  Columba. 

PHANTASMAGORIA,  {tparraafia,  an  appearance  ;  from  ^cfw,  ^w.  Sans,  hha,  to  shine ; 
and  ayopao/uiij  to  gather.)  A  term  applied  to  the  efifects  produced  by  a  magic  lantern ;  some- 
times also  to  representations  of  shadows  of  persons  and  objects  thrown  upon  a  senu-transparent 
screen. 

PHASE.  (^(Tit,  appearance.)  In  astronomy  the  aspect  of  the  moon  or  planets  as  respects 
the  apparent  figure  of  the  luminous  portion  of  their  disc. 

PUECDA.     (Arabic.)    The  star  y  of  the  constellation  Ursa  Major. 

PHENAKISTOSCOPE.  An  optical  toy  devised  by  Plateau,  in  which  a  series  of  imagea 
are  placed  before  the  eve,  one  after  the  other  the  other,  in  rapid  succession.  The  images  are 
made  to  represent  the  different  stages  of  motion,  such  as  a  man  in  the  act  of  running,  a  horse  leap- 
ing, &c.  &C.  Owing  to  the  persistence  of  impressions  on  the  retina,  one  image  does  not  cease 
to  be  seen  before  the  next  is  presented  to  the  eye,  and  the  result  is  an  apparent  continuity  of 
motion,  the  object  appearing  to  be  moving.  A  recent  modification  of  this  toy  is  known  as  the 
goetrope.    (See  Pernttence  0/  Visual  Imprtmon,) 

PHEN'AMIDE.    ^^  AniUne. 

PHENOL.     See  CarMic  Acid, 

PHENYLAMINE.    See  ulntZine. 

PHENYLIC  ACID.     See  Carbdie  A  eid. 

PHENYLIC  ALCOHOL.    See  CarMic  Aeid. 

PHLOGISTON.  {<p\cyt^,  to  inflame.)  A  term  used  by  Stahl  to  designate  the  matter  or 
principle  of  fire.  The  celebrated  theory  of  phloffistonf  (which  influenced  science  for  more  than  a 
century),  affirmed  that  various  changes  produced  by  chemical  operations,  were  due  to  the  absorption 
or  rejection  of  this  principle  of  fire  by  the  substances  acted  upon.  The  assimilation  of  phlogis- 
ton means,  in  the  language  of  modem  chemistry,  deoxidation ;  while  loss  of  phlogiston  means 
combination  with  oxygen  gas.  Thus,  lead  during  calcination  was  said  to  lose  phlogiston,  for 
lead  was  regarded  by  the  followers  of  this  theory  as  calx  (t.e.,  oxide)  of  lead,  pUu  phlogiston, 
and  the  heating  of  lead  with  substances  rich  in  phlogiston  (such  as  charcoal)  caused  the  phlogis- 
ton  to  be  absorbed,  and  the  metal  is  the  result.  The  following  paragraph  as  to  the  influence  of 
the  theory  of  phlogiston  is  from  a  paper  on  the  subject  by  Mr.  Rodwell  (Philoiophical  Moffanne 
for  January  1868),  to  which  the  reader  is  referred  for  further  information  :— "  Of  the  influence 
of  the  theory  of  phlogiston  I  need  say  but  little.  It  was  not  the  first  chemical  theory ;  it  did 
not  give  the  first  explanation  of  combustion,  and  it  was  established  in  the  face  of  facts  which 
carried  with  them  its  refutation.  When  the  first  stage  of  its  development  was  passed,  facta 
were  adapted  to  the  theory,  and  phenomena  were  tortured  and  garbled  so  as  to  fit  in  with  it^ 
by  which  means  the  progress  of  chemical  science  was  somewhat  retarded.  Even  when 
I^voisier  had  conclusively  proved  the  fallacy  of  the  theory,  this  blind  adherence  shut  the  eyes 
of  the  phlogistians  to  the  merits  of  the  new  system,  and  to  the  utter  falsity  of  their  own. 
Nevertheless,  the  theory  exercised  influence  for  good,  for  by  its  means  a  certain  amount  of 
order  was  introduced  among  a  vast  chaotic  mass  of  chemical  facts,  and  phenomena  were  classed 
together  and  reasoned  upon  together,  and  together  submitted  to  similar  processes  of  mental 
analysis,  after  the  manner  so  strongly  advocated  by  Francis  Bacon." 

PHCENIX.    {The  Phoenix.)    One  of  Bayer's  southern  constellations. 

PHONAUTOGRAPH.  (Scott  and  Eonig's.)  The  method  of  registering  the  vibrations  of 
sonorous  solids  by  means  of  sinuous  lines  (see  Sinuosities)  has  been  extended  to  serial  vibrations. 
A  deep  paraboloid  of  revolution  is  truncated  by  a  plane,  so  as  to  form  a  parabolic  cup  with  a  flat 
bottom.    In  the  centre  of  the  bottom  a  hole  is  cut,  into  which  a  short  tube  is  fitted.    The  end 
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of  this  tube  is  closed  by  a  membrane  of  tightly-stretched  caoutchouc  or  gold-beater's  skin,  the 
tension  of  which  can  be  varied  by  a  ring.  Fastened  to  the  outside  of  the  membrane  is  a 
feather,  which  is  in  contact  with  a  revolving  cylinder  blackened  on  its  surface,  and  working  on 
a  screw  axis.  (See  Sinuosities).  A  little  stiff  arm  can  be  brought  into  contact  with  the  mem- 
brane so  as  to  insure  the  occurrence  of  a  loop  and  absence  of  a  node,  when  the  membrane 
vibrates  at  the  point  where  the  feather  is  fastened.  When  a  note  is  soimded  in  such  a  way 
that  some  of  it  is  collected  in  the  paraboloid,  the  vibrations  are  communicated  to  the  drum 
membrane,  and  thence  to  the  feather.  If,  at  the  same  time,  the  blackened  cylinder  is  turned,  a 
sinuous  line  is  produced.  (See  Sinuasitie$.)  By  this  instrument  the  joint  effect  of  two  or  more 
simultaneous  notes  can  be  examined.  Thus,  if  a  note  and  its  octave  are  sounded  together,  a 
compound  sinuosity  is  produced,  every  alternate  hill  of  which  is  twice  as  high  as  the  inter- 
mediate hills.  Scott's  phonautograph  is  admirably  adapted  for  showing  graphically  the  recur- 
rence of  beats  at  reguhur  intervals,  and  the  relation  of  iheee  to  concord  and  discord.  Thus,  if 
one  note  consists  of  two  or  three  more  vibrations  in  a  second  than  another,  we  hear  of  course 
two  or  three  beats  in  a  second  (see  Beats),  and  we  6nd  on  the  blackened  paper  when  such  notes 
are  sounded  together  two  or  three  hiUs  of  augmented  height  in  the  length  of  sinuosity  which 
represents  the  second  of  time.  The  variations  of  loudness,  duration,  and  pitch  which  constitute 
melody  can  be  recorded  by  this  instrument. 

PHOSGENE  GAS.  (^cm,  light ;  yemfoofy  to  produce.)  Elnown  also  as  chloro-carbonic  acid, 
and  oxychloride  of  carbon ;  is  formed  by  exposing  a  mixture  of  chlorine  and  carbonic  oxide 
to  the  sun's  rays,  whence  its  name.  It  is  a  colourless  gas,  having  a  suffocating  odour.  Specific 
gravity  3*4249 ;  formula  CO,  GL ;  water  decomposes  it,  yielding  hydrochloric  and  carboi^c  adds. 

PHOSPHOHESCENCE.  (0<af,  light ;  and  0e/>w,  to  cany.)  Under  some  circumstances, 
bodies  become  capable  of  emitting  light  when  viewed  in  the  dark.  The  light  is  generally  un- 
accompanied by  heat,  and  is  seldom  the  result  of  chemical  action.  Phosphorescence  may  be 
excited  by  heat — for  instance,  in  the  diamond,  fluorspar,  &c.  Many  bodies  are  rendered  pSios- 
phorescent  by  an  electric  discharge ;  such  are  sugar,  Canton's  phosphorus,  &c.  Other  substances 
are  rendered  phosphorescent  by  mechanical  action  ;  thus  many  crystals  emit  light  when  they 
are  broken.  Exposure  to  the  sun,  or  other  intense  light,  is  another  cause  of  phosphorescence. 
Many  artificial  imosphori  are  prepared  which  shine  with  very  beautiful  colours  under  these  cir- 
cumstances. The  same  effect  is  also  produced  by  the  electric  discharge,  and  minute  residues  of 
gases  in  Greissler's  tubes,  excited  in  that  manner,  produce  very  beautiful  effects.  The  rays 
which  produce  phosphoresence  are  of  high  refrangibility,  and  the  light  emitted  bv  phosphores- 
cent bodies  is  of  lower  refrangibiUty,  and  concentrated  into  a  few  luminous  ouids  of  the 
spectrum.  The  luminous  appearance  of  phosphorus  in  the  air  is  generally  considered  to  be  due 
to  slow  oxidation.    Phosphorescence  lasts  from  a  fraction  of  a  second  to  some  hours. 

PHOSPHOROSCOPE.  Omos,  light ;  0e/w,  to  carry ;  and  <ricorew,  to  view.)  An  instru- 
ment devised  by  £.  Beoquerel  for  detecting  the  phenomena  of  phosphorescence  in  bodies  which 
only  shine  a  fraction  of  a  second  after  insolation.  By  means  of  a  disc,  perforated  in  a  par- 
ticular manner,  and  revolving  over  a  box  containing  the  substance  under  examination,  sunlight 
mav  be  allowed  to  fall  upon  it,  and  be  cut  off  again  immediately  before  the  observer  can  see 
it  through  the  other  aperture.  Bv  rotating  the  disc  with  sufficient  rapiditv,  the  examination 
may  be  made  at  an  interval  less  tiian  the  400th  part  of  a  second  after  the  light  has  ceased  to 
shine  upon  the  substance.    (See  Miller^s  Physics,  1867,  p.  193.) 

PHOSPHORUS,  (^f,  light ;  and  4>ep<a,  to  bring.)  A  non-metallic  element  discovered  in 
1669  by  Brandt.  Atomic  weight,  31 ;  symbol,  P ;  specific  gravity,  1*82.  In  the  pure  state  it 
IB  a  nearly  colourless  or  faintly  yellow,  waxy  solid.  It  is  transparent^  although  it  soon  becomes 
opaque  and  crystalline.  It  crystaUises  in  octahedrons.  It  melts  at  44°  C.  (iii"  F.)  to 
an  oUy  liquid,  and  boils  at  about  290''  C.  (554"*  F.).  Vapour  density  about  4*35.  It 
is  insoluble  in  water,  but  very  solublo  in  disidphide  of  carbon,  and  less  so  in  benzol  and 
volatile  oils.  It  is  a  very  poisonous  substance.  The  most  stnking  characteristic  of  phos- 
phorus is  its  intense  affinity  for  oxygen.  A  piece  of  it  catches  fire  by  slight  friction 
or  gentle  heat,  and  sometimes  spontaneously  when  exposed  to  air  on  wood  or  some  non- 
conductor of  heat.  When  its  solution  in  dismphide  of  carbon  is  poured  upon  blotting  paper 
and  exposed  to  the  air  the  finelv-divided  phosphorus  which  is  left  behind  oxidises  quickly, 
and  bunts  into  flame.  The  combustion  of  phosphorus  in  oxygen  is  attended  with  the  evolu- 
tion of  one  of  the  most  intense  artificial  lights  known.  When  exposed  to  air  in  a  dark  room 
phosphorus  shines  with  a  pale,  lambent  l&ht,  evolving  a  faintly  luminous  vapour.  Owing  to 
its  great  inflammability,  phosphorus  should  always  ho  kept  under  water,  and  must  only  be 
handled  with  extreme  care.  Phosphorua  exists  in  several  modifications,  which  are  as  follows  : — 
White  Phosphorus  is  produced  by  the  action  of  light.  Its  specific  gravity  is  less  than  that  of 
the  transparent  variety.    Btack  PkosphofVM  is  pgradnoed  by  melting  phosphorus  and  suddenly 
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ooolmg  it.  It  is  reconverted  into  ordinAiy  phoephonu  by  refusion  and  slow  cooling.  VUctmt 
PhoipkoruM  ia  obtained  bv  heating  phosphorus  to  near  its  melting  point  and  then  saddenly 
cooling  it.  Amcrphout  Phospkorui  is  obtained  by  keeping  ordinary  phosphorus  for  30  or  40 
hours  at  a  temperature  of  about  232"  G.  (450**  F.)  under  pressure  in  an  atmosphere  of  carbonio 
add.  When  purified  it  is  a  red,  amorphous  sabstanoe,  of  spedfio  gravity  2*14,  which  does  not 
oxidise  in  the  air  at  the  ordinary  temperature,  emits  no  odour,  is  not  poisonous,  and  is  insoluble 
in  disulphide  of  carbon  and  other  solvents  of  ordinary  phosphorus.  It  may  be  kept  in  the  air 
without  danger,  and  can  even  be  wrapped  in  paper  and  handled  without  fear  of  ignition.  At 
a  temperature  of  260^  G.  (500°  F.)  it  is  reconverted  into  ordinary  phosphorus.  Owing  to  its 
comparative  harmlessness  amorphous  phosphorus  is  largely  replacing  common  phosphorus  in 
the  manufacture  of  lucifer  matches.  Phosphorus  forms  many  important  compounds,  amongrt 
which  the  following  deserve  mention  : — 

HypophoipkaroiuM  Acid  (H3PO,)  is  a  visdd  liquid,  having  strongly  add  properties,  unitiiig 
with  bases  to  form  a  well-defined  series  of  salts,  some  of  which  are  used  in  medicine.  The 
prindpal  hypophosphites  are — Hypophotphite  of  Calcium  (GaP,H^04),  which  crystallises  in 
colourless  prisms,  soluble  in  water,  and  permanent  in  the  air.  ffypophotphUe  of  Potamum 
(KPH^O,)  is  very  deliquescent,  but  may  be  obtained  in  crystalline  plates. 

Phosphorous  Acid  (anhydrous,  PtO,  ;  hydrated,  HgPOs),  forms  a  series  of  salts  with  bases, 
which  are,  however,  of  little  importance. 

Phosphoric  Add  (PsOq)  is  produced  when  phosphorus  bums  in  air  or  oxygen.     It  is  a  very 
light  white  amorphous  substance,  extremely  ddiquescent  in  moist  air,  and  hissing  like  a  red-hot 
iron  when  thrown  into  water.     It  is  a  powerful  add,  and  has  different  properties  according  to 
the  number  of  atoms  of  water  with  which  it  unites.     The  compound  PjOq-H^O  is  called  Metor 
phosphoric  Acid,    the   compound    P,0g.2H,0  Pyrophosphoric  Acid,   whilst   the    compound 
PfOg.  3H|0  is  called  Orthophosphorie  Acid,  or  ordinary  phosphoric  add.     Each  of  these  adds 
forms  a  series  of  salts  with  bases.     The  following  are  the  most  important : — Orthophosphate  of 
Aluminium,  or  turquoise,  has  the  composition  2A1^0^,'Pfi^.$ELfi. ;  its  specific  gravity  is  2*6, 
and  it  has  a  peculiar  waxy  lustre  and  a  bluish  green  colour,  owing  to  the  presence  of  a  Httla 
copper.    When  fine,  it  is  highly  prized  as  a  gem.     OrtkophospfuUe  of  calcium  3GaO.PsOg.  is  the 
principal  constituent  of  bone  ash,  and  is  also  met  with  in  considerable  qtiantity  in  ooprolites. 
When  prepared  artifidaUy,  it  is  a  white  earthy  powder  insoluble  in  water,  but  wghtly  so  in  the 
presence  of  carbonic  add.    It  is  dissolved  and  decomposed  by  most  adds.    The  mineral  apatite 
consists  of  a  mixture  of  orthophosphate  of  caldum  and  chloride  of  caldum,  some  of  the  chlorine 
being  frequently  replaced  by  fluorine.    Phosphates  of  Magnesium, — The  neutral  orthophosphate 
(MgjPsOg)  is  predpitated  as  an  insoluble  powder,  when  a  magnesia  salt  is  mixed  with  a  soluble 
orthophosphate.    The  best  known  magnesium  compound  is,  however,  a  double  phosphate  ol 
magnesium  and  ammonium  (NHJ,  Mg^PgOg.  I2H,0,  whidi  is  the  predpitate  produced  when  a 
magnesium  salt  is  mixed  with  an  alkaline  orthophosphate,  and  ammonia^  in  the  presence  of 
Bal-ammoniac.    It  is  a  heavy  crystalline  precipitate^  which,  from  its  insolubility  in  water,  ia 
almost  always  used  for  the  quantitative  estimation  of  phosphoric  add,  or  magnedum.    Pko9» 
phates  of  Silver. — Orthophosphate  of  silver  {Ag^TOJ  is  a  lemon-yellow  insoluble  powder.    Pyro- 
phosphate of  silver  (Ag^P^Oj)  is  a  white  insoluble  powder.    The  metaphosphate  of  silver  is 
also  white  and  insoluble.    Tnese  di£ferences  of  colour  serve  to  distinguish  the  three  modifica- 
tions of  phosphoric  add.    Phosphates  of  Sodium. — ^These  are  very  numerous  and  complex  in 
composition.      The  crystallised  metaphosphate  has    the    compomtion  3NagO3P,O0i2H^O. 
It  crystallises  in  large  rhombic  prisms,  easily  soluble  in  cold  water.    Orthophosphate  of  sodium, 
or  the  ordinary  phosphate,  has  the  compomtion   Na2HP04.i2H,0.     It  ciystalliBes  in  large 
prisms,  which  effloresce  in  the  air ;  they  dissolve  easily  in  cold  water,  forming  a  solution  which 
has  a  saline  taste,  and  is  frequently  used  in  medicine.     This  phosphate  unites  with  ammonia  to 
form  the  salt  known  as  phosphorus  saU  or  mdcrooosmie  salt,  having  the  compodtion  Na(NH4) 
HPO4.4HSO.     It  crystallises  in  monoclinic  prisms,  whidi  dissolve  easilv  in  water  ;   when 
heated  the  water  and  ammonia  are  driven  off,  and  pure  metaphosphate  of  sodium  is  left  be- 
hind.   This  is  frequently  used  as  a  flux  in  blowpipe  experiments,  instead  of  borax,  as  the  fused 
metaphosphate  dissolves  metallic  oxides,  frequently  with  characteristic  colours.    Pyrophosphate 
of  Sodium. — This  salt  (Na4P,07.ioH,0)  is  easily  obtained  by  igniting  the  salt  last  mentioned, 
dissolving  in  water  and  crystallising.    Phosphoric  add  also  unites  with  alcohol  radicals  and 
other  organic -compounds. 

Cfhlorvies  of  Phosphorus.  -Phosphorus  and  chlorine  unite  readily  at  the  common  temperature 
with  evolution  of  heat  and  light.  When  the  phosphorus  is  in  excess,  the  trichloride  (PCl^  ia 
formed,  which  is  a  thin  colourless  liquid  of  specific  gravity  1*6  boiling  at  78**  0.  (172**  P.),  and 
decomposed  by  water  into  hydrochloric  add  and  phosphorous  add.  With  excess  of  chlorine  the 
pentaMfride  of  pho^homs  (PGlg)  is  formed,  which  is  a  solid  straw  yellow  crystalline  maas 
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Babliminff  at  icx>*  C.  (212*  F.),  and  deoompoied  by  water  into  hydrocUorio  and  phosphoric 
adds,     f  entachloride  of  phosphorus  is  a  yalnable  re-agent  in  organic  chemistry,  as  nnder  its 
influence  many  alcohols  and  adds  are  converted  into  (^lorides  of  their  radicals. 
Phosphorus  unites  with  hydrogen  to  form  a  gaseous  compound  PHg,  a  liquid  compound  PBt^, 

and  a  solid  compound  P^ H.  

PHOSPHORUS,  ACTION  OF  LIGHT  ON.  Schroetter  has  shown  that  ordinaiy  phosphomi 
is  converted  into  the  red  amorphous,  insoluble  variety,  by  the  prolonged  action  of  sunlight. 

PHOSPHORUS  BASES.  In  its  chemical  reactions  phosphorus  acts  in  many  instances  like 
nitrogen,  and,  as  above  stated,  forms  with  hydrogen  a  gaseous  compound  (PH,)  which 
has  some  of  the  properties  of  ammonia,  and  like  ammonia  can  have  one,  ^o,  and  three  of  its 
atoms  of  hydrogen  replaced  by  an  alcohol  radical,  forming  what  are  call  phosphorus  bases. 
These  have  much  stronger  basic  properties  than  phosphuretted  hydrogen,  and  are  extremely 
numerous ;  indeed,  they  are  as  practically  unlimited  as  the  ammonia  bases.  They  mostly  unite 
with  acids  forming  crystalliBable  salts.  Only  one  base  has  yet  shown  properties  which  appear 
likely  to  render  it  of  value,  and  this  is  the  one  in  which  the  three  equivalents  of  hydrogen  in 
PHs  are  replaced  by  ethyl  (C^Hg),  forming  the  compound  (CsHs)tP,  or  Triethyl  Phatphine. 
PHOSPHORUS  SALT.    See  Phoaphona, 

PHOSPHORUS,  SPECTRUM  OF.  This  may  be  obtained  by  paasmg  an  induction  current 
through  a  perf ectiy  exhausted  GreiBsler's  tube  containing  a  piece  of  phosphorus.  On  warming 
the  phosphorus  it  rises  in  vapours  and  the  current  passes.  In  the  spectroscope  the  light  thus 
produced  is  seen  to  consist  prindpally  of  three  banos  in  the  ereen.  Phosphorus  gives 'specfra  cf 
two  orderij  similar  to  nitrogen.     (See  NUrogmt  Spectrum  of^ 

PHOTO-CHEMICAL  INDUCTION.  A  term  employed  by  Professors  Bunsen  and  Rosooe 
to  express  an  effect  which  they  first  observed  when  experimenting  on  the  action  of  light  upon 
a  mixture  of  hydrogen  and  chlorine.  (See  Chemical  Photometer.)  No  action  was  found  to  take 
place  dtiring  the  first  moment  or  two ;  it  then  commenced  and  rapidly  increased  to  a  tna^yiw-^TP, 
A  similar  action  has  been  observed  in  other  photo-chemical  processes. 

PHOTOGALVANOGB  APHIC  PROCESS.    See  Photographic  Engraving. 
PHOTOGLYPHIC  ENGRAVING.    See  Photographic  Engraving, 
PHOTOGRAPHIC  ENGRAVING.    There  are  many  processes  by  which  a  metal  plate 
can  be  engraved,  suffident  to  print  from,  by  the  joint  action  of  light  and  chemical  force.    It 
would  be  imposnble  to  describe  the  numerous  ingenious  processes  which  have  been  from  time 
to  time  devised  for  this  purpose,  but  the  following  outiine  will  give  a  fair  idea  of  the  prindples 
on  which  most  of  them  are  based  : — ^A  solution  is  made  of  gelatine  and  bichromate  of  potash 
of  appropriate  strength.    This  ia  poured,  whilst  warm,  upon  a  steel  plate,  and  allowed  to  dry  in 
the  dark.    It  is  next  exposed  to  light  under  a  negative.    The  action  of  light  causes  the  duramic 
add  to  be  reduced  to  sesquioxide  of  chromium,  the  oxygen  going  to  the  gelatine,  and  convert- 
ing it  into  an  insoluble  substance.     If  the  surface  is  now  wetted,  the  portions  not  acted  on  by 
light  will  swell  up  the  other  parts  remaining  at  their  original  level,  and  a  mould  can  be  taken 
of  this  relief -picture,  and  from  this  a  copper  plate  electrotyped,  from  which  prints  may  be  taken 
at  an  ordinary  press.    This  jb  the  prindple  of  the  photo^vanographic  proce$$.    If  instead  of 
eimply  allowing  the  unacted-on  gelatine  to  swell  up,  it  is  entirely  dissolved  out  with  water,  the 
portion  where  no  light  has  acted  will  be  left  bare,  and  may  be  bitten  in  with  add.   Those  parts 
covered  with  the  insoluble  gelatine  bdng  protected  from  action,  this  engraved  plate  may  then 
be  printed  from  at  a  copperplate  press  in  the  ordinary  manner.    If,  instead  of  metal,  a  lithe- 
graphic  stone  is  employed,  and  it  be  moistened  with  water  after  the  action  of  lights  the  different 
parts  wiU  have  different  attractions  for  grease  and  water,  and  photo4ithography  is  the  result. 
Mr.  Talbot  pours  the  mixture  over  a  steel  plate,  and,  after  exposure  to  light,  floods  it  with  solu- 
tion of  perchloride  of  iron.    This  soaks  through  the  unaltered  gelatine,  and  etches  the  steel 
surface  suffidentiy  deep  to  enable  it  to  be  printed  from,    lliis  he  calls  photogiyphie  engraving, 
Mr.  Woodbuiy  takes  a  leaden  mould  from  the  swollen-up  gelatine  picture,  and  uses  this  to 
print  from  with  gelatine  ink  in  a  very  ingenious  manner.    This  is  odled  the  Woodbury4ype. 
There  are  many  other  processes  of  this  Idnd,  but  the  principle  is  the  same  in  alL 

PHOTOGRAPHIC  TRANSPARENCY.  Bodies  which  appear  perfectiy  transparent  and 
colourless  to  the  ordinary  rays  of  light,  have  very  different  transparendes  to  the  photographic 
or  actinic  rays.  Thus,  rock  cmtal  will  transmit  rays  of  the  spectrum  of  the  highest  known 
ref rangibility,  whilst  a  piece  of  common  glass  interposed  immediately  cuts  down  the  spectrum 
to  about  half  its  length  This  subject  has  been  prindpally  examined  by  Dr.  W.  A.  Miller.  (See 
Proceedings  of  the  Royal  JnstUutionf  March  6,  1863.)  Among  the  most  remarkable  results  upon 
the  photographic  transparency  of  bodies  which  have  been  observed  in  these  researches  are  the 
following  : — I.  Colourless  soUds,  which  are  equally  transparent  to  the  visible  rays,  vary  greatiy 
In  permeability  to  the  chemical  xaya.    a.  Bodies,  which  are  photographically  transparent  in  t£e 
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■olid  fonn,  preserve  their  transparency  in  the  liquid  and  in  the  gsseotu  states.  3.  Colonrless 
transparent  solids  which  absorb  the  photpgrapMo  rays,  preserve  their  absorptive  action  with 
greater  or  less  intensity  both,  in  the  liquid  and  in  the  gaseous  states.  4.  Pure  water  is  photo- 
graphically transparent,  so  that  many  compounds  which  cannot  be  obtained  in  the  solid  fonn 
sufficiently  transparent  for  experiments,  may  be  subjected  to  trial  in  solution  in  water.  The 
mode  in  which  the  experiments  were  conducted  is  the  following  : — ^The  source  of  light  employed 
was  the  electric  spark  taken  between  two  metallic  wires,  generally  of  fine  silver,  connected  with 
the  terminals  of  the  secondary  wires  of  an  induction  coil,  into  the  primary  circuit  of  whidi  is 
introduced  a  condenser,  and  into  the  secondary  circuit  a  small  Leyden  jar.  The  light  of  the 
q)arks  is  then  allowed  to  fall  upon  a  vertical  slit,  either  before  or  after  traversing  a  slioe  or 
stratum  of  the  material,  the  electric  transparency  of  which  is  to  be  examined.  The  transmitted 
light  is  then  passed  through  a  quartz  prism,  placed  at  the  angle  of  minimum  deviation.  Im- 
mediately behind  this  is  a  lens  of  rock  ciystal,  and  behind  this,  at  a  suitable  distance,  the  spec- 
trum is  received  upon  the  sensitive  surface  of  collodion.  Liquids  are  contained  in  a  small  glass 
cell  with  quartz  faces,  and  gases  and  vapours  in  long  tubes,  closed  at  their  extremities  with 
thin  plates  of  polished  quartz.  The  following  tables  exhibit  the  relative  diactinic  power  of 
various  solids,  liquids,  and  gases  and  vapours  : — 

Photoobafhic  Tbahspabenct. 

SoUdi. 
Bock  crystal, 
Ice,     . 
Fluor  spar, 
Topaz, 
Rock  salt,   . 
Iceland  spar, 
Sulphate  of  magnesia, 
Borax, 
Diamond,    . 
Bromide  of  potassium. 
Thin  glass,  . 
Iodide  of  potassium. 
Mica,  . 
Nitrate  of  potash, 

Diactinic  bases,  when  united  with  diactinic  acids,  nsually  famish  diactinic  salts,  but 
such  a  result  is  not  uniformly  observed;  the  silicates  are  none  of  them  as  transparent  aa 
silica  itself  in  the  form  of  rock  crystal  Again,  hydrogen  is  eminentlv  diactinic,  and  iodine 
vapour,  notwithstanding  its  deep  violet  colour,  is  slso  largely  diactinic ;  but  hydriodic  acid  gas 
is  greatly  inferior  to  either  of  them.  The  same  substuice,  however,  whatever  may  be  its 
physical  form,  whether  solid,  liquid,  or  gaseous,  preserves  its  character ;  no  chemically  opaque 
solid,  though  transparent  tb  light,  becomes  transparent  photographically  by  liquefaction  or 
volatilisation ;  and  no  transparent  solid  is  rendered  chemically  opaque  by  change  of  fonn. 
Hence  it  is  obvious  that  this  opacity  or  transparency  is  intimately  connected  with  the  atomic 
or  chemical  character  of  the  body,  and  not  merely  with  its  state  of  aggregation.  Although  the 
absorption  of  the  chemical  rays  varies  greatiy  in  different  gases,  whidb,  therefore,  in  this  action 
display  an  analogy  to  their  effects  upon  radiant  heat,  yet  those  gases  which  absorb  the  rays  of 
heat  most  powerfully  are  often  highly  transparent  to  the  chemical  rays,  as  is  seen  in  the  case  of 
aqueous  vapour,  of  carbonic  acid,  cyanogen,  and  defiant  gas,  all  of  which  are  compoimd  sub- 
stances, not  chemical  elements.  In  the  case  of  reflection  from  polished  surfaces  the  metals  are 
found  to  vary  in  the  quality  of  the  rays  reflected  ;  gold  and  lead,  although  not  the  most  brilliant, 
reflecting  the  rays  more  uniformly  than  the  brilUant  white  surfaces  of  silver  and  speculum 
metal. 

PHOTOGRAPHS  OF  THE  SPECTRUM.    See  Actiniam. 

PHOTOGRAPHY,  (^ws,  light ;  and  7pa0(u,  to  write.)  The  art  of  produdng  representations 
or  pictures  of  objects  by  means  of  light.  Photographs  are  divided  into  positive  and  negative. 
A  negative  is  one  in  which  the  light  and  shade  are  reversed,  and  a  positive  is  one  in  which  they 
are  shown  as  in  nature.  The  action  of  light  being  to  darken  a  sensitive  surface,  the  picture 
which  is  taken  in  the  camera  cbscura  is  a  negative,  and  bv  using  this  as  a  matrix,  superposiD^ 
it  on  another  sensitive  surface  and  exposing  tiie  whole  to  light,  a  negative  of  this  n^fative  is 
produced,  which  is  a  positive.  Thus,  from  the  original  negative  taken  in  the  camera  any  nuna- 
ber  of  positives  may  be  printed.  Under  the  heads  Calotype,  CoUodion  Proceas,  and  DoffuerrtO' 
type,  will  be  found  an  outline  <of  the  principal  photographic  processes. 


liquids. 

.      74 

Water, 

'      74 

.      74 

Alcohol, 

.      63 

74 

Chloroform, 

.      26 

.      65 

Benzol, 

21 

.      63 

Wood  spirit,       . 

20 

.      63 

Ether, 

16 

62 

Acetic  acid, 

16 

.      62 

Oil  of  turpentine, 

8 

.      62 
48 
20 

Bisulphide  of  carbon,  . 

6 

.      iS 

.      18 

.      16 

Gases  and  Tapoan. 
Oxygen, 
Nitrogen,    . 
Hydrogen,  . 
Carbonic  add, 
defiant  gas, 
Marsh  gas,  . 
Coal  gas. 
Benzol  vapour. 
Hydrochloric  acid, 
Hydrobromic  add, 
Hydriodic  add,   . 
Sulphurous  add, 
Sulphuretted  hydrogen. 


74 
74 
74 
74 
66 

63 
37 
35 
55 
23 
15 
14 
14 
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PHOTO-LITHOGRAPHY.    See  PhotograpJUe  Engraving. 

PHOTOMETER,  BUNSEN'S.    See  Bumen'i  PkoUmeUr. 

PHOTOMETER,  CHEMICAL.    See  Actmameter. 

PHOTOMETER,  POLARISATION.    See  PolarUatum  PhotmOer. 

PHOTOMETRY,  (^ws,  light,  and  lurpw,  a  measuie.)  Photometry  ooxudsts  of  the  measnie- 
ment  of  the  luminous  intensity  of  light.  It  may  be  either  abtolute  or  rdativt.  I.  Given  * 
luminous  beam,  it  is  required  to  express  its  intensity  by  some  abiolute  term  havine  reference  to 
a  standard  obtained  at  some  previous  time,  and  capable  of  being  reproduced  with  accuracy  at 
any  time.  This  is  absolute  photometry.  2.  The  standard  of  comparison  is  compared  separately 
at  each  observation,  and  the  problem  then  consists  in  the  determination  of  the  rdativt  intensi- 
ties of  two  sources  of  light.  The  absoLtUe  method  has  scarcelv  yet  been  attempted,  nor  does  it 
seem  probable  that  the  problem  will  be  solved  for  some  considerable  time.  The  relative  method 
has,  however,  been  brought  to  considerable  perfection,  and  the  various  instruments  now  in  use 
are  described  under  their  separate  headings.  (See  BunufiCt  Photomettr;  Polarisation  Photo- 
meter; Rumfordt  Photometer;  Eitehie*$  Photometer;  Arago*»  Photometer;  Jet  Photometer; 
Electro-Photometer,  Mauon't.) 

PHYSICAL  ANALYSIS  OF  EXPIRED  AIR.  Professor  TyndaU  found  that  carbonic 
acid  possesses  verr  slight  absorptive  power  for  the  heat  emitted  from  hot  solids,  but  that,  when 
a  flame  of  carbomc  oxide  (burning  to  carbonic  add)  was  substituted  as  the  source,  the  absorp- 
tion of  the  emitted  heat  by  carbonic  add  was  considerable.  Thus,  one  thirtieth  of  an  atmos- 
phere of  carbonic  add  absorbs  48  per  cent,  of  the  radiation  from  a  carbonic  oxide  flame,  and 
one-third  of  an  atmosphere  absorbs  74*3  per  cent.  It  is  clear,  therefore,  that  a  very  small  quan- 
tity of  carbonic  add  can  be  detected  by  observing  its  absorption  of  the  heat  emitted  by  a  car- 
bonic oxide  flame.  This  has  been  applied  by  Mr.  W.  F.  Barrett  to  the  analysis  of  expired  air, 
which  leaves  the  lungs  charged  with  aqueous  vapour  and  carbonic  add.  The  absorption  due  to 
dry  expired  air  was  first  determined,  and  a  mixture  was  then  made  of  pure  carbonic  acid  with 
dry  air,  which  produced  a  similar  absorption.  Two  determinations  by  Professor  Frankland  of 
the  carbonic  add  in  expired  air,  by  chemical  analysis,  gave  respectively  4'66  and  5*33  per  cent., 
while  the  physical  analysis  of  the  same  by  Mr.  Barrett,  gave  respectively  4*56  and  5*22. 

PICRIC  ACID  ;  or,  Carbazotie  Acid,  An  organic  add  largely  used  as  a  yellow  ^e  for  wool 
and  silk.  It  forms  light  yellow  octahedrons  and  needles,  of  &e  composition  C^ H^NgO;.  It  is 
slightly  soluble  in  water,  easily  so  in  aloohoL  Its  solutions  have  a  harsh  bitter  taste.  Picric 
acid  is^ometimes  used  as  a  test  for  potassium,  as  its  potassium  salt  is  very  slightly  soluble  in 
cold  water.  Picrate  of  potassium  detonates  violently  when  heated,  and  has  been  used  as  an  ex- 
plosive agent. 

PICROTOXIN.  A  poisonous  organic  substance  extracted  from  the  seeds  of  coeculus  indieut. 
Composition  Ci^Hifif.  It  crystallises  in  stellate  groups,  which  are  white,  inodorous,  and  neu- 
tral   Its  taste  is  intensely  bitter. 

PICTOR.  (Abbreviated  from  EquuleuB  PictoriuB,  the  painter's  easel)  One  of  Lacaille's 
southern  constellations. 

PIEZOMETER.     See  Compre$iibUitjf  of  Liguidt. 

PIG  IRON.     See/ro». 

PIGMENTUM  NIGRUM.  (Black  pigment)  An  opaque  ooatmg  whid&  ooTen  the  cho- 
roid coating  of  the  eye.     (See  Bye.) 

PILE,  DRY.     See  Dry  Pile. 

PILE,  VOLTA'S.    See  Volta*i  Pile. 

PINION.    See  Rack  and  Pinion. 

PISCES.  (The  fishes.)  A  sign  of  the  zodiac.  The  son  enten  this  sign  on  about  the  19th 
of  February,  and  leaves  it  on  about  the  2ist  of  March.  The  constellation  of  the  same  name 
occupies  the  todiacal  r^on  corresponding  to  the  sign  Aries.  Within  this  constellation  are 
several  very  interesting  double  stars,  among  which  the  star  Alpha  Pisdum,  a  well-known 
binary,  is  worthy  of  special  mention. 

PISCIS  AUSTRALIS.  (The  southern  fish.)  One  of  Ptolemy's  southern  constellations. 
Its  chief  brilliant  is  the  star  Fomalhaut,  commonly  recognised  as  a  first-magnitude  star,  but 
estimated  by  Sir  John  Herschel  as  one  of  the  second  magnitude  only,  though  nearly  the  brightest 
of  the  class. 

PISCTS  YOLANS.    (The  flying  fish.)    One  of  Bayer's  southern  constellations. 

PITCH,  in  music,  in  the  general  sense,  is  the  number  of  vibrations  per  second  which  consti- 
tute a  note.  Thus,  the  pitch  of  one  note  is  three  times  as  high  as  another  when  the  first  con- 
sists of  three  times  the  number  of  vibrations  in  a  second.  OThe  vibrations  in  Germany  and 
England  are  usuallv  considered  as  the  complete  ones — that  is,  the  swing  to  and  fro  of  the  parts 
of  Uie  sonorous  body.    la  Fhrnoe,  a  vihcaUon  is  half  this,  or  a  swinging  to  or  firo.    The  pitch, 
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in  the  more  limited  or  tecbnical  senae,  signifies  the  arbitrary  or  conventional  relation  between 
the  name  of  a  note  and  the  number  of  vibrations  which  produce  it.  The  pitch  now  most  usually 
adopted  is  the  French  standard  pitch,  or  that  of  the  "  normal  diapason/'  which  represents  the 
note  A  in  the  treble  stave,  and  which  consists  of  435  complete  (English)  vibrations  per  second. 
English  concert  pitch  A  consists  of  a  few  more  vibrations  per  second.  The  pitch  of  'the  same 
nominal  note  varies  in  different  countries,  and  has  varied  in  all  countries  from  year  to  year 
before  the  establishment  of  the  French  standard,  which  promisee  at  last  to  fix  the  relation 
permanently. 

PITCH  CIRCLE.  In  toothed  wheels,  the  circle  which  would  bisect  all  the  teeth.  When 
two  wheels  are  in  gear,  they  are  so  arranged  that  their  pitch  circles  touch  one  another.  (See 
Toothed  Gear.) 

PLANE  MIRROR.  A  reflecting  surface  perfectly  plane,  used  to  reflect  incident  rays  of 
light  without  affecting  their  convergence,  divergence,  or  parallelism.    (See  Mirror) 

PLANE  POLARISATION.    (See  PolarUation  Plane.) 

PLANET.  {wXapdoftai,  to  wander;  d<rri^/>  rXoin^i/f,  a  wandering  star. )  This  name  was 
originally  intended  to  distinguish  those  celestial  bodies  which  chaxige  their  place  upon  the 
heavens ;  but  the  term  is  now  limited  by  astronomers  to  those  solid  and  massive  orbs  which 
revolve  around  the  sun  at  different  distances,  in  nearly  circular  orbits.  It  includes  two  distinct 
families — the  major  planets^  Mercuzy,  Venus,  Mars,  Jupiter,  Saturn,  Uranus,  and  Neptune 
(within  which  family  the  earth,  though  not,  astronomically  speaking,  a  j)lanei,  must  yet  be 
included,  falling  into  place  between  Venus  and  Mars),  and  the  minor  jdaneta  or  zone  of  asteroids 
revolving  between  the  orbits  of  Mars  and  Jupiter.  The  family  of  major  planets  may  also  be 
itself  subdivided  conveniently  into  two  portions,  the  intra-asteroidal  planets,  Mercury,  Venus^ 
the  Earth,  and  Mars,  and  the  extra-asteroidal  planets,  Jupiter,  Satuni,  Uranus,  and  Neptune. 
This  subdivision  is  not  arbitrary,  since  the  characteristics  of  the  planets  travelling  within  the  zone 
of  asteroids  differ  in  the  most  marked  manner  from  the  charactoristiGs  of  the  planets  travelling 
outside  that  zone. 

Under  various  heads  will  be  found  a  full  account  of  the  apparent  motions  of  the  planets  and 
the  interpretation  of  those  motions,  involving  the  recognition  of  tiie  planets*  real  motions  (see 
PtolemaiCf  Tychonic,  Copemican,  and  Newtonian  Sj/itemt) ;  the  general  elements  of  the  planets 
(see  EUmentt) ;  the  aspect  and  physical  habitudes  of  eadi  planet  (see  Mercury^  Venus,  &c.),  and 
other  such  matters.  We  propose  here  to  give  a  brief  sketoh  of  the  relations  presented  by  tlie 
planets  inter  $e. 

In  taking  a  general  view  of  the  planetary  system,  we  are  struck  first  by  the  indications  of 
law  in  the  orderly  sequence  of  the  planetaiy  distances.  Near  the  sun  the  distances  increase 
slowly,  the  intervals  between  orbit  and  orbit  being  relatively  so  small  that  the  whole  group  of 
intra-asteroidal  orbits  might  be  placed  between  the  orbits  of  Jupiter  and  Saturn,  with  a  wide 
interval  separating  it  from  either.  Between  the  orbits  either  of  Neptune  and  Uranus,  or  of 
Uranus  and  Saturn,  the  whole  of  the  asteroidal  zone,  and  the  planets  circling  within  it,  could 
in  like  manner  be  placed,  with  a  very  wide  interval  of  separation  on  either  side.  In  consider- 
ing the  relations  of  distance,  we  see  farther  that  the  rate  of  increase  of  the  successive  orbit-inter- 
vsds  exhibits  indications  of  a  uniform  law  oi  progression.  It  was  the  recognition  of  these 
indications  which  led  Kepler,  Titius,  and  Bode  to  construct  that  empirical  law  of  asaociatioin, 
which  commonly  bears  the  name  of  the  last  named  astronomer.  (See  Bode*i  Lax.)  Although 
we  cannot  at  present  recognise  any  physical  basis  for  such  a  law,  it  must  yet  not  oe  forgotten 
that  we  owe  to  the  attention  directed  to  Bode's  law,  the  discovery  of  the  zone  of  asteroids ;  and 
farther,  that  though  it  fails  in  the  case  of  Neptune,  yet  neither  Adams  nor  Levemer  would,  in 
all  probability,  have  been  willing  to  imdertake  the  analytical  search  for  this  planet  had  they 
not  been  aided  by  the  assurance  which  the  law  gave  them  that  the  unseen  orb  lay  within  certain 
limits  of  distance. 

For  our  present  purpose  it  is  sufficient  to  describe  the  order  of  distances  of  the  planets,  as  far 
as  Uranus,  as  such  that  each  is  about  twice  as  far  beyond  the  orbit  of  Mercury  as  the  next  inner 
planet  is.  Neptune  on  the  one  side  and  Mercury  on  the  other,  remain  thus  outside  the  range  of 
the  law.  The  general  account  of  the  system  is  completed  by  adding  that  Mercury  is  about  half 
as  far  as  Venus,  and  Neptune  about  half  as  far  again  as  Uranus  from  the  sun. 

Next  as  regards  the  dimensions  of  the  planets.  Here  it  is  not  so  easy  to  recognise  the 
presence  even  of  an  incomplete  law.  The  intra-asteroidal  planets  are  all  small  compared  with 
the  extra-asteroidal  orbs ;  but  within  each  family  there  seems  wanting  all  traces  of  orderly 
sequence.  Proceeding  from  the  sim,  we  find  Mercury  the  least  of  the  planets  ;  then  Veniui 
nearly  as  large  as  the  Earth  ;  then  the  Earth ;  and  then  Mars  which,  though  larger  than  Mercury, 
is  very  much  smaller  than  either  Venus  or  the  earth.  Outside  the  asteroidal  zone,  we  find,  firsts 
the  giant  planet  Jupiter,  then,  Saturn,  very  much  less,  but  still  far  larger  than  all  the  other 
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planets  taken  together ;  next,  Uranus,  which,  compared  with  Saturn,  is  somewhat  as  Mercmy 
compared  with  the  earth ;  then,  Ustly,  Neptune  which  is  larger  than  Uranus  (somewhat  as  Mars 
exceeds  Mercuiy).    One  can  recognise  no  traces  of  law  here. 

As  regards  the  masses  of  the  planets,  the  same  absence  of  law  Is  noticed.  The  order  of  the 
planets  in  regard  to  mass  is  in  fact  the  same  as  the  order  with  regard  to  volmne ;  onlytiie  rela- 
tive range  of  variation  is  markedly  smaller,  on  account  of  the  smaU  density  of  the  larger  planets. 
As  regards,  again,  the  nature  of  the  schemes  swayed  by  certahi  planets,  it  is  difficult  to 
recognise  the  traces  of  any  law.  We  find  all  the  extra-asteroidal  planets  provided  with  atten- 
dants. But  Jupiter,  though  the  largest,  has  not  the  largest  attenoant  system,  being  far  sur- 
passed in  this  respect  by  Saturn.  As  to  Uranus  and  Neptune,  it  would  be  difficult  to  form  an 
exact  opinion,  since  we  can  hardly  imagine  that  all  the  satellites  attending  on  these  distant 
worlds  have  been  discovered.  (See  SaibdUU$.)  In  the  case  of  the  intra«Bteroidal  planets,  one 
only,  the  earth,  has  an  attendant  orb.  With  respect  to  the  planetary  rotations,  we  find  some 
traces  of  law.  Each  of  the  extra-asteroidal  planets  would  seem,  so  fiw  as  obsorvation  has  yet 
gone,  to  rotate  in  a  period  of  about  lo  hours ;  while  each  of  the  planets  within  the  zone  of 
asteroids  probably  rotates  in  about  24  hours.  But  when  we  consider  the  direction  of  the  axes 
of  rotation,  we  find  again  an  utter  absence  of  all  apparent  law.  We  do  not  know  certainly  the 
Inclination  of  the  equators  of  Venus  and  Mercury  to  the  orbit-planes  of  these  planets,  but 
it  is  supposed  to  be  considerably  greater  than  the  obliquity  of  the  earth's  equator,  which  is 
about  23i  degrees.  The  equator  of  Mara  has  an  inclination  of  about  28  degrees.  Passing 
beyond  the  zone  of  asteroids,  we  find  the  equator  of  Jupiter  inclined  little  more  than  3  degrees ; 
that  of  Saturn  inclined  upwards  of  26** ;  that  of  Uranus  (it  is  supposed)  about  75  degrees  ;  and 
the  equator  of  Neptune  so  abnormally  placed  with  reference  to  the  direction  of  Ids  rotation 
(assumed  to  correspond  to  the  motion  of  his  satellites),  that  his  inclination  may  be  described  as 
nearly  160  degrees. 

In  considering  those  relations  which  belong  to  the  general  aspect  of  the  planetary  svstem, 
we  find  that  beyond  the  general  laws  according  to  which  the  planets  travel  in  nearly  circular 
orbits,  all  in  the  same  direction,  and  nearly  in  the  plane  of  the  ecliptic,  there  are  few  traces  of 
orderly  arrangement.  The  planet  Mercury  has  the  most  eccentric  orbit  and  the  one  which  is 
most  inclined  to  the  plane  of  the  ecliptic.  Venus,  on  the  other  hand,  while  coming  next  to 
Mercury  in  respect  of  the  inclination  of  her  orbit,  has  the  least  eccentric  orbit  of  all  the  primary 
planets.  Uranus  has  an  orbit  of  considerable  eccentricity,  but  very  little  inclined  to  the  ecliptic, 
while  the  path  of  Neptune  u  nearly  three  times  as  much  inclined  to  the  ecliptic,  but  not  nearly 
so  eccentric  as  that  of  Uranus.  The  order  of  the  planetary  orbits  as  respects  eccentricity  is  as 
IqUowb:  — 

Eoeentridtv.  Eoe«ntrldtv. 

Mercury,        •        •       0*205610  Uranus,        •        •       0x346578 

Mars,     .        •        .        0*093262  The  Earth,  .        •       0*016771 

Saturn,  •        .        •       0*05^996  Neptune,      •       •       oxx)8720 

Jupiter,  .       •       0048239  Venufl^         •       •       6*006833 

Whereas  as  respects  inclination  the  order  ie^ 

IneUnation.  InollsatiOB. 

Mercury,       •       ,       7*o*'8'2*  Neptune^     .     •  •     1*46' 59*0* 

Venus,  .        .        .      3'23'3o*8'  Jupiter,      .        .      i*  18' 40*3'' 

Saturn,  •        .      2**  29' 28*1'  Uranus,      .       •      0^*46' 29*9* 

Mara,    •       ,        .      I'Si'   S'^" 

It  must  be  remarked,  however,  that  properly  speaking  the  ediptio  is  not  a  suitable  plane  of 
reference  for  the  inclinations,  however  convenient  for  terrestrial  astronomers.  Hie  true  plane 
of  reference  is  the  medial  pbme  of  the  system,  or  that  plane  with  reference  to  which  all  the 
orbit-planes  oscillate.  The  plane  of  Jupiter  lies  very  near  to  this  plane,  and  considered  with 
reference  to  it,  the  orbit-planes  of  Mercury  and  Venus  are  appreciably  Ins  inclined  than  they 
appear  in  the  above  table. 

There  are  few  more  interesting  chapters  in  the  history  of  astronomy  than  those  which  treat 
of  the  mathematical  relations  presented  bv  the  planetary  eccentricities  and  inclinations.  Seeing 
these  elements  as  we  do  undergoing  gradual  processes  of  increment  and  decrement,  continuing 
apparently  without  change  for  long  periods  in  a  definite  direction,  astronomers  were  in  doubt, 
until  mathematics  soIvmL  the  difficulty,  whether  the  planetary  system  were  in  truth  stable, 
or  whether  mavhap  processes  might  not  be  in  action  whidli  would  go  on  with  gradually  increasing 
effect  until  at  lengtn  the  whole  B3r8tem  would  go  to  wrack.  GraduaUy,  however,  the  progress  of 
analysis  revealed  the  true  interpretation  of  these  processes,  and  showed  them  to  belong  not  to 
changes  tending  continually  in  one  directioii,  but  to  osdllatory  variations  proceeding  in  orderly 
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sequence  within  definite  and  even  narrow  limits.  We  owe  to  Lagrange  the  first  enmuaatioii  d 
the  laws  relative  to  the  stabili^  of  the  solar  mtem,  with  assumad  estimates  of  the  pUmetaiy 
masses ;  but  the  credit  mast  be  assigned  to  Laplace  of  establishing  the  important  theorems 
which  have  been  justly  described  as  the  Magna  Gharta  of  the  solar  system.  He  proved  in 
1 784  that  in  any  system  of  bodies  travelling  in  one  direction  around  a  central  attracting  oirfa, 
the  eccentricities  and  inclinations,  if  small  at  any  one  time,  would  always  continue  inconaiderableu 
His  two  theorems  may  be  thus  stated : — 

Fiist,  If  the  mau  of  each  planet  be  muUipUed  by  the  tquare  of  the  eccentricity,  and  thi$  produet 
by  the  aquare  root  of  the  mean  diUaneej  the  mm  of  the  products' thm  formed  will  be  invariable. 

Secondly,  If  the  man  of  each  planet  be  mMltipUed  by  the  square  of  the  tangent  of  the  orbit  a 
indinaOon  to  a  fixed  plane,  and  this  product  by  the  sguare  root  cfthe  mean  distance,  the  sum  oftha 
products  Ok^M  formed  tpUl  be  invariable. 

Professor  Grant  has  well  remarked  respecting  these  laws,  that  combined  with  the  invariability 
of  the  planetary  mean  distances  they  *'  secure  the  permanence  of  the  solar  system  throughout 
an  indefinite  lapse  of  ages,  and  offer  to  us  an  impressive  indication  of  the  Supreme  Intelligenoe 
which  presides  over  nature  and  perpetuates  her  beneficent  anangements.  When  contemplated 
merely  as  speculative  truths,  they  are  unquestionably  the  most  important  which  the  trans- 
cendental analysis  has  diBclosed  to  the  researches  of  astronomers,  and  their  complete  establish- 
ment would  suffice  to  immortalise  the  names  of  Lagrange  and  Laplace,  even  althou^  those 
great  geniuses  possessed  no  other  claims  to  the  recollection  of  posterity." 

For  an  account  of  the  minor  members  of  the  planetary  system  see  Asteroids, 

PLANETARY  NEBULAE.     See  Nebulce. 

PLANETS,  SPECTRA  OF.  As  in  the  case  of  the  moon  the  spectra  of  pUmets  are  eesen- 
tially  that  of  reflected  sunlight,  modified  according  to  the  colour  oi  the  reflecting  surface  or  the 
planetary  atmosphere  the  hght  traverses.  Jupiter  shows  very  strong  hydrogen  and  aqueous 
vapour  absorption  bands.  According  to  Secchi  the  spectrum  of  Neptune  is  peculiar,  bong 
almost  devoid  of  red,  and  consisting  chiefly  of  three  lines  or  bands  near  the  green. 

PLANO-CONCAVE  LENS.  A  lens  having  one  concave  and  one  plane  surface.  It  causes 
parallel  rays  of  light  to  diverge. 

PLANO-CONCAVE  PRISM.    See  Prismatic  Lens. 

PLANO-CONVEX  LENS.  A  lens  which  has  one  conyez  and  one  plane  sazfaoe.  It 
converges  parallel  rays  of  li^ht  to  a  focus. 

PLANO-CONVEX  PRISM.     See  Prismatic  lens. 

PLANTS,  ASH  OF.  All  plants  contain,  as  a  necessary  constituent^  mineral  substances,  the 
number  of  which  is  small,  but  their  nature  varies  in  different  species  of  plants.  The  necessary 
mineral  constituents  appear  to  be  potash,  soda,  lime,  magnesia,  and  occasionally  small  quantities 
of  alumina,  iron,  and  manganese,  together  with  sulphuric,  silicic,  phosphoric  and  hydrochloric 
acids.  The  proportion  of  these  saline  constituents  varies  in  different  parts  of  the  same  plant,  and 
from  an  analysis  of  the  plant  and  its  different  parts  the  special  saline  ingredients  which  it  requires 
for  healthy  growth  are  at  once  seen ;  thus  maize,  straw,  turnip  roots,  beet,  potato  tubers,  and 
Jerusalem  artichoke  tubers  require  most  alkaline  constituents ;  tobacco,  peas,  straw,  potatoes' 
haulm,  clover,  Jerusalem  artichokes,  and  turnip  tops  require  calcareous  soil ;  the  stems  of  wheat, 
barley,  oats,  and  rye  require  excess  of  silicic  acid,  presented  in  the  soluble  form ;  peas,  Jerusalem 
artidiokes,  potatoes,  and  turnips  require  alksdinoHadcareous  constituents;  barley  required 
calcareo-siliceous  constituents,  whilst  the  com  of  wheat,  oats,  and  lye  require  alkalino-siliceoiis. 
(MiUer^s  Chemistry,  part  iiL,  page  882.)    According  to  Johnstone — 

I  ton  of  undried  potato  tops  contains  .  .  26  lbs.  of  ash. 

90  to  180         „ 


„  turnip  tops  „ 

„  „  pea  haulm  „ 

„  y,  bean  straw  „ 

„  „  wheat  straw  „ 

„  „  oat  straw  „ 

„  n  barley  straw  „ 

„  „  rye  straw  „ 


100  „ 

70  „ 

220  „ 

140  rt 

no  ^ 

60  „ 

120  „ 


rape  dust 
See  VegetdMe  Nutrition  ;  Soils,  Chemistry  of. 

PLANTS,  NUTRITION  OF     See  VegetahU  NutriUan. 

PLASTER  OF  PARIS.     See  Sulphates,  Calcium. 

PLATES,  POLARISATION  OF.  If  two  platinum  electrodes,  which  have  been  used  in 
decomposing  water,  be  detached  from  the  battery  and  attached  to  the  extremities  of  a  galvano- 
meter coil,  and  if  they  be  then  immersed  in  acidulated  water,  a  current  is  immediately  set  up 
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between  them,  and  the  direction  of  it  shows  that  the  electrode  at  which  the  hydrogen  was  gitca 
off  during  the  decomposition,  acts  towards  the  other  as  a  zinc  plate  would  towards  a  platinum 
plate  in  an  add  solution.  This  is  due  to  the  fact  that  the  plates,  when  they  were  acting  as 
electrodes  in  the  decomposing  cell,  condensed  on  their  surfaces  portions  of  the  gases  Tvhich  were 
being  liberated  at  them.  Thus,  one  became  coated  with  hydrogen  and  the  other  with  oxygen. 
The  hydrogen  plate  having  a  great  affinity  for  oxygen,  just  as  the  zinc  in  an  ordinary  cell  has, 
acts  as  the  zinc  would  act,  wlule  the  other  plate  being  in  the  opposite  state,  plays  the  part  of 
the  platinum.  The  plates  in  this  condition  are  spoken  of  as  pUarited,  and  the  phenomenon, 
together  with  that  which  we  are*aboat  to  mention,  is  known  as  polarisation  of  the  pUUe,  a  not 
yeiy  appropriate  expression.  This  condition  of  excitation  or  polarisation  is  assumed  by  the 
electrodes  during  the  time  that  they  are  acting  as  electrodes,  and  it  gives  rise  to  a  current 
through  the  decomposing  cell  from  the  negative  electrode  to  the  positive, — ^a  current  whoBe 
effect  is  simply  to  enfeeble  the  primary  current  from  the  battery.  This  may  readily  be  shown 
by  means  of  the  galvanometer,  for  the  current  which  takes  place  at  first  is  gradually  seen  to  fall 
off  to  a  very  notable  extent.  The  same  thing  occurs  too  within  the  battery  itself,  unless  means 
be  taken  to  get  rid  of  the  disturbance  ;  for,  in  the  case  of  such  a  battery  as  an  ordinary  cell  of 
zinc  and  copper  in  dilute  acid,  the  copper  plate  very  soon  gets  covered  with  hydrogen,  and  the 
current  is  very  much  weakened,  as  may  be  proved  with  the  aid  of  a  galvanometer.  Hence, 
various  plans  have  been  invented  in  order  to  obtain  a  constant  battery  such  as  Grove* 9  battery, 
in  which  the  hydrogen  which  would  be  deposited  on  the  conducting  plate  is  oxidised  by  nitric 
add,  or  Sme^t  battery y  in  which  the  hydrogen  is  got  rid  of  as  mudi  as  possible  mechanically. 
(See  Battery y  Oalvcmie,) 

The  current  which  is  produced  between  plates  that  have  been  employed  in  a  decomposing 
cell  has  been  utilised  in  the  Gas  BaUery  of  Grove,  and  in  the  Secondary  PUe  of  Ritter,  which  see. 

PLATINUM.  (Spanish,  Platiiia,  a  diminutive  of  Plata,  diver.)  A  metallic  element  of  a 
white  coloiur,  very  ductile  and  malleable,  and  capable  of  taking  a  high  polish  ;  it  is  softer  than 
silver  and  is  a  bad  conductor  of  heat  and  electridty.  It  is  inf  udble  by  the  strongest  heat  of  a 
furnace,  but  melts  before  the  oxyhydrogen  blowpipe.  Atomic  weight  197*4.  Symbol  Pt. 
Specific  gravity  21*5.  It  is  unattacked  by  all  single  acids,  but  is  dxBsolved  by  a  mixture  of 
nitric  and  hydrochloric  adds.  At  a  full  red  or  white  heat  platinum  possesses  the  property  of 
wdding,  and  upon  this  the  methods  of  working  the  metal  depend,  where  it  is  not  melted  before 
the  blowpipe.  When  platinum  is  predpitat^  from  its  solutions,  in  a  finely  divided  state  by 
means  of  zinc  or  organic  reducing  agents,  it  has  the  appearance  of  lamp  black,  and  is  called 
platinum  black,  and  when  this  is  heated  to  whiteness,  or  when  the  metal  is  obtained  in  a  less 
finely  divided  state  by  other  means,  it  is  called  platinum  sponge ;  in  this  state  it  has  a  grayish 
colour,  which  assumes  a  metallic  lustre  by  friction.  Platinum  possesses  the  property  of  con- 
densing in  its  pores  many  times  its  volume  of  different  gases,  espedally  hydrogen  and  oxygen, 
and  when  exposed  to  a  mixture  of  these  gases,  or  when  a  jet  of  hydrogen  is  allowed  to  impinge 
upon  it  in  the  air,  the  metal  rapidly  becomes  red  hot  and  induces  combustion.  This  property  is 
possessed  in  the  highest  degree  by  platinum  black,  in  a  somewhat  inferior  degree  by  spongy 
platinum,  and  in  a  still  less  degree  by  compact  platinum.  Owing  to  its  infusibility  and  indiffer- 
ence to  ordinary  re-agents  platinum  is  of  the  highest  importance  in  the  laboratory  and  in  many 
manufacturing  operations.  It  is  largely  used  in  the  form  of  wire  and  foil,  and  is  worked  into 
crudbles,  retcrts,  evaporating  dishes,  tubes,  &c.  In  the  concentration  of  sulphuric  acid  platinum 
retorts,  weighing  many  thousand  ounces,  are  sometimes  used.  The  compounds  of  platinum  do 
not  require  much  attention  ;  the  only  one  which  needs  to  be  noticed  here  is  the  Tetraehloridt  of 
Platinum^  or  Platinie  Chloride  (l*tCl4).  This  is  a  brown  red  crystalline  mass,  left  on  evapo- 
rating to  dryness  a  solution  of  platinum  in  nitro-hydrochloric  add.  It  is  very  soluble  in  water. 
Platinie  chloride  forms  double  salts  with  other  metallic  chlorides,  especially  with  those  of  the 
alkalies  and  organic  bases ;  they  are  generally  sparingly  soluble  in  water,  and  usually  crystallise 
with  great  facility.    (See  Chloro-Platinatea.) 

Platinum  enters  into  combination  with  many  ammoniacal  products,  forming  a  complicated 
series  of  ammonio-platinum  bases. 

PLEIADES.  (rXeidd^s.)  In  astronomy  the  name  given  to  a  group  of  stars  in  Taurus,  of 
which  six  are  viable  to  ordinaiy  eyesight,  though  to  those  who  have  exceptionally  good  right, 
10,  12,  and  even  14  stars  are  vidble.  In  the  telescope  there  are  hundreds.  We  owe  to  Mitchel 
the  first  enunciation  of  the  theory  that  these  stars  are  physically  associated.  Hus  was  after- 
wards rendered  abundantly  evident  by  the  researches  of  the  elder  HerscheL 

PLEOGHROISM.    (rXeof,  full ;  and  xpo^h  oolour.)    (See  JHchroitmA 

PLUMBAGO.    A  name  applied  to  a  variety  of  carbon.    (See  Carbon.) 

PLUMBIC  ACID.    See  Lead,  Peroxide, 

PLUMB-UNE.    {Plumbum,  lead.)    An  instna&e&t  for  determining  the  Tortical  direction. 
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ooDBiBting  of  ft  thin  cord  suspended  by  one  end  from  &  fixed  point,  and  having  attached  to  the 
other  end  a  small  weight  nsaaUy  oonsiBting  of  lead.  When  a  plumb-line  is  left  perfectly  finaei, 
the  weight,  being  acted  on  by  gravity,  causes  the  cord  to  take  up  a  position  perpendicular  to  the 
general  direction  of  the  earth's  surface.  The  plumb-line,  variously  modified,  is  widely  used  in 
the  arts,  to  test  and  determine  straight  and  vertical  lines,  as  well  as  horizontal  lines  by  applying 
the  fact  that  the  plumb-line  always  makes  right  angles  with  the  horizontaL  Thus,  in  the 
mason's  level  a  board  is  taken  with  one  side  well  planed,  and  a  perpendicular  is  raised  upon  it, 
called  the  9quare4ine,  A  plumb-line  is  suspended  from  a  point  in  this  perpendicular,  so  that  the 
weight  may  oscillate  in  a  hollow  made  in  the  board.  Then,  if  the  surface  to  be  tested  is  hori- 
zontal, the  plumb-line  will  cover  the  square-Une  when  the  instrument  is  pUoed  upright  upon  the 
surface.    (See  Oravity,) 

PLUVIOMETEB.    (PZuvio,  rain.)    See  Bain  Gauge. 

PNEUMATICS.  Pneumatics  is  the  mechanics  of  gases.  This  science  is  usually  understood 
to  embrace  aerostatics  or  the  equilibrium  of  gases,  and  aerodynamics  or  the  motion  of  gases. 

POINTERS,  THE.  A  name  given  to  the  stars  a  and  jS  in  the  constellation  Ursa  Majar, 
because  thej  lie  nearly  on  agreat  circle  through  the  pole  of  the  heavens. 

POINTS,  CONSECUTIVE  OR  CONSEQUENT.    See  Cimteculive  PomU, 

POINTS  OF  THE  COMPASS.  The  card  of  the  mariner's  compass  is  divided  into  thirty- 
two  equal  angles  by  lines  drawn  through  the  centre,  and  the  extremities  of  the  lines  are  called 
the  points  of  the  eompasi.  The  division  is  made  in  the  following  way : — ^Two  diameters  are 
drawn  at  right  angles  to  each  other,  one  of  which  is  called  the  north  and  south  line,  the  other 
the  east  and  west  line ;  and  in  the  common  compass,  in  which  the  card  is  attached  to  the  needle, 
the  axis  of  the  needle  is  parallel  to  the  former  of  these.  At  the  extremities  of  it  are  marked 
the  letters  N.  (north),  S.  (south) ;  and  at  the  extremities  of  the  other  line,  the  letters  E.  (east) 
and  W.  (west).  The  right  angles  formed  by  these  lines  are  bisected  to  obtain  the  next  points, 
and  these  are  named  from  their  positions  on  the  card.  Thus,  that  between  N.  and  £.  is  called 
N.E.  (north-east),  and  the  others  in  a  similar  way,  S.E.,  S.W.,  and  N.W.  respectively.  Again, 
eight  new  lines  are  drawn  to  bisect  the  eight  angles,  thus  making  up  sixteen  of  the  thirty-two 
points,  and  the  eight  new  lines  are  named  as  follows  : — That  between  N.  and  N.E.  is  called 
N.N.E.  (north-north-east),  that  between  N.E.  and  E.  is  called  E.N.E.,  and  the  others  £.S.£.y 
S.S.E.,  S.S.W.,  W.S.W.,  W.N.  W.,  and  N.N.W.,  according  to  their  position.  Lastly,  sixteen 
more  lines  are  drawn  bisecting  once  more  all  the  angles,  and  the  names  of  these  are  distin- 
guished by  the  characteristic  word  6y.  The  first  line  on  the  east  side  of  N.  is  called  north  by 
east  (N.  bv  E.) ;  the  line  to  the  north  of  N.E.,  N.E.  by  N. ;  that  to  the  east  of  N.K,  N.E. 
by  E.,  and  so  on.    The  list  of  aU  the  points  standi  as  follows : — 


N. 

N.  by  B. 

N.N.E. 

N.E.  by  N. 

N.E. 

N.E.byB, 

E.N.E. 

E.byN. 


E. 

B.  by  S. 
E.S.E. 
S.E.  by  B. 
S.E. 

S.E.  by  S* 
S.  S.E. 
S.  byB. 


S. 

S.byW. 
S.S.W. 
S.W.  by  S. 
S.W. 

S.W.  by  W. 
W.S.W. 
W.  byS. 


W 

W*  by  N. 
W.N.W. 
N.W.  by  W. 
N.W. 

N.W.  by  N. 
N.N.W. 
N.  by  W. 


The  repeating  from  memory  the  names  of  the  points  is  called  by  sailors  **  boxing  the  com- 
pass." In  naming  directions,  the  angles  between  the  points  are  veiy  frequently  subdivided  again 
Dy  what  are  call^  half  points  and  quarter  points.  Thus,  for  example,  in  proceeding  from  N. 
to  N.  by  E.,  we  should  have  N.  by  J  E.,  N.  by  t  E.,  N.  by  J  E.,  N.  by  E.,  and  so  on  for  the 
rest.  Since  a  circle  ia  divided  into  360",  the  anffle  between  each  point  is  11**  15',  and  the 
smallest  division  is  thus  one  quarter  of  this,  or  2^  48  45^  The  points  of  the  compass  are  called 
by  sailors  rhumbs. 

POISON.  {PoUOy  to  drink.)  Any  substance  which  rapidly  destroys  life  when  taken  inter- 
nally is  popularly  called  a  poison ;  but  when  a  more  exact  definition  ia  sought,  it  is  not  easy  to 
find,  for  in  most  cases  the  distinction  between  a  poison  and  a  harmless,  or  even  a  remedii^  sub- 
stance, is  simply  one  of  degree.  Many  poisons,  such  as  strychnine,  prussio  acid,  corrosive  subli* 
mate,  and  arsenic,  become  valuable  remedies  when  judiciously  employed  in  minute  doses.  On 
the  other  hand,  many  common  medicines,  such  as  morphia^  quinine,  calomel,  and  citrate  of 
potash,  are  poisonous  m  large  doses.  The  contagia  of  epidemic  diseases,  such  as  cholera,  small- 
pox, and  scarlet  fever,  are  supposed  to  be  definite  ferments,  endowed  with  the  vital  power  of 
self-multiplication  and  propagation.  They  should  therefore  be  classed  amongst  poisons  of  the 
most  virulent  and  deadly  character. 

POLAR  CLOCK.    An  instrument  oonstructed  by  Sir  Charles  Wheatstone  for  ascertaining 
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the  hour,  by  observing  the  amotmt  of  polarisation  of  the  sky.  It  consists  of  a  tube  pointing  in 
the  direction  of  the  earth's  axis,  fitted  with  a  double  image  prism  at  the  lower  end  as  an  eye- 
piece, and  a  small  hole,  covered  by  a  thin  plate  of  selenite,  at  the  end  which  points  to  the  north 
pole  in  the  sky.  The  double  image  prism  is  capable  of  rotation,  and  carries  an  index  which 
points  to  the  hours  engraved  on  a  semicircle.  The  plane  of  polarisation  being  always  90**  from 
the  sun,  when  the^  eye-piece  is  once  properly  adjusted,  and  then  rotated  until  the  position  of  no 
colour  is  gained,  the  index  will  point  to  the  right  time. 

POLAE  DISTANCE,  NORTH.  The  distance  of  a  celestial  object  from  the  north  pole  of 
the  heavens,  measured  along  a  great  circle  passing  through  the  poles.  It  is  usually  measured 
through  I  So**,  so  that  astronomers  seldom  speak  of  9outh' polar  distance, 

POLAItIM£T£B.  A  poUriscope  so  arranged  as  to  enable  the  amount  and  character  of 
polarisation  to  be  measured  as  well  as  seen.  (See  Polaritcope;  Saccharometcr;  and  Bight-handed 
and  Left-handed  Polarisatian.) 

POLARIS.  (The  polar  star.)  The  star  a  of  the  constellation  Ursa  Minor.  It  is  at  present 
quite  close  to  the  north  pole,  and  will  continue  for  many  centuries  to  be  the  polar  star  of  the 
northern  heavens,  though  after  a  time  precession  will  remove  it  from  the  position  it  at  present 
holds. 

POLARISATION  BY  ABSORPTION.    We  have  explained,  under  the  heading  PoUurisa- 
turn  ofLightf  that  when  common  light  passes  through  a  slice  of  tourmaline,  or  a  crystol  of  hera* 
pathite,  the  light  polarised  in  one  plane  is  abwrbed,  whilst  that  polarised  in  the  opposite  plane 
is  transmitted. 
POLARISATION  BY  DOUBLE  REFRACTION.    See  Polarisation  Plane. 
POLARISATION,  CIRCULAR.     See  Circular  Polarisation. 
POLARISATION,  COLOURED.    See  Colours  produced  by  Circular  Polarisation, 
POLARISATION,  ELLIPTICAL.     See  Elliptical  Polarisaiion. 

POLARISATION,  MAGNETIC.  See  Circular  Polarisation  induced  by  Magnetic  Action, 
POLARISATION  OF  HEAT.  Heat  is  capable  of  being  polarised  in  the  same  manner  as 
light.  De  la  Prevostage  and  Desains  have  shown  (Annates  de  Chimie  et  de  Physique,  t.  27,  p. 
109),  that  when  a  beam  of  radiant  heat  is  passed  through  a  rhomb  of  Iceland  spar^  it  is  split  up 
into  two  equal  beams,  both  of  which  are  polarised,  the  first  in  the  principal  plane,  the  second 
in  a  plane  at  right  angles  to  it.  Heat  may  also  be  polarised  by  reflection,  and,  under  certain 
conditions,  by  emission,  conformably  to  Arago's  discovery  that  incandescent  solids  and  liquids 
have  the  property  of  emitting  light  which  is  more  or  less  polarised.  Malus,  the  discoverer  of 
the  polarisation  of  light  by  reflection,  showed  that  heat  ia  capable  of  polarisation,  and  Berard 
made  experiments  on  the  subject  as  early  as  181 2.  (Memoires  d'AreeuUf  voL  ill.)  Forbes  proved 
that  heat  passes  far  more  readily  through  two  plates  of  tourmaline  cut  parallel  to  the  axis,  than 
when  the  axes  are  crossed.  In  the  case  of  lights  as  is  described  elsewnere,  two  parallel  plates 
of  tourmaline  transmit,  while  crossed  plates  entirely  stop,  an  incident  beam.  This  is  one  of  the 
many  analogies  between  radiant  heat  and  light. 

POLARISATION  OF  THE  SKY.  The  light  from  a  dear  sky  is  pohurised,  the  maxi« 
mum  effect  being  90^  from  the  sun,  consequently  as  the  position  of  the  sun  varies  from  hour  to 
hour,  the  plane  of  maximum  polarisation  varies  also.  Upon  this  fact  Sir  Charles  Wheatstone 
has  based  his  ingenious  Polar  Clock,  which  see. 

POLARISATION,  PARTIAL.  If  a  ray  of  light  falls  upon  a  reflecting  surface  of  glass  at 
any  other  than  the  polarising  angle,  it  becomes  partially  polarised,  the  amount  of  polarisation 
depending  upon  the  nearness  of  the  angle  of  incidence  to  the  polarising  angle.  Partially  polar- 
ised light  does  not  consist  of  a  mixture  of  fully  polarised  and  unpolansed  light,  but  the  whole 
of  it  luM  suffered  a  change  of  properties.  By  repeated  reflections  from  a  surface  at  an  angle 
less  than  the  polarising  angle,  common  light  gradually  passes  from  partially  to  completely  polar- 
ised light. 

POLARISATION  PHOTOMETER  Mr.  Crookes  has  devised  {Proc  PoyaX  Society,  1869U 
p.  358),  a  method  of  measuring  the  luminous  intensities  of  two  sources  of  light  irrespective  of 
their  colour,  a  desideratum  which  other  photometers  will  not  accomplish.  It  is  necessary  that 
neither  light  should  be  at  all  polarised,  and  the  method  then  becomes  susceptible  of  very  great 
accuracy.  It  is  impossible  to  describe  the  instrument  without  drawings,  but  the  principle  is  as 
follows : — Each  beun  of  light  is  rolit  into  two,  polarised  in  opposite  directions  (say  vertically 
and  horizonti^y),  by  means  of  a  double  image  prism.  The  vertically  polarised  beam  from  one 
of  the  lights  is  then  superposed  on  the  horizontally  polarised  beam  from  the  other  light.  If  the 
two  sources  of  light  were  equal  in  intensity,  their  respective  halves  must  also  be  equal,  and 
being  equal  in  intensity  and  of  opposite  polarisations,  ueir  superposition  must  reproduce  a  beam 
of  common  light,  polansation  being  neutraUsed.  There  will  thnef ore  be  no  &ee  polarised  light 
in  this  compound  beam«    If,  however,  the  two  lights  are  unequiJ,  the  polixisation  of  the 


POL  440  POL 

■tioiiger  will  orerpower  the  opposite  polftriaation  of  ihe  weaker,  and  the  problem  then  consists 
simply  in  measnriug  the  amount  of  polarisation  present,  or,  more  simply,  in  altering  the  rela- 
tive dJstanoes  of  the  two  lights  from  the  photometer  untU  free  polaruation  Taniwes.  The 
standard  light  devised  by  "hb.  Grookes  for  use  with  this  instrument  is  obtained  from  a  definite 
mixture  of  absolute  alcohol  and  pure  benzol,  burnt  in  a  specially  constructed  lamp,  having  a 
platinum  wick. 

POLARISATION  PLANK  A  ray  of  ordinary  light  is  supposed  to  be  caused  by  vibra- 
tions of  a  highly  attenuated  medium,  occurring  in  all  directions  across  the  direction  of  the 
ray,  but  a  ray  of  polariied  light  is  caused  by  these  vibrations  oocoiring  in  one  plane  only. 
Ceitain  crystsls  (Iceland  spar,  for  instance),  possess  the  property  of  double  refraction,  that  is  to 
say,  a  ray  of  common  light  passing  through  them  is  divided  into  two  polarised  rays,  which  take 
slightly  different  directions,  the  pume  of  polarisation  (or  vibration)  of  one  ray  being  at  right 
angles  to  that  of  the  plane  of  polarisation  of  the  other  ray.  One  ray  suffers  refraction,  accord- 
ing to  the  ordinsry  law  for  transparent  bodies,  and  tins  is  called  the  ordinary  ray,  whilst  the 
other,  called  the  extraordinary  ray,  is  refracted  according  to  a  new  law.  The  ordinaTy  and  the 
extraordinary  rays  emeige  from  a  prism  of  Iceland  spar  parallel  to  each  other,  and  to  the  ori- 
ginal direction  of  the  incident  ray.  By  recombining  the  two  oppositely  polarised  rays  common 
light  is  reproduced.  If  common  light  is  compared  to  a  cylindrical  body,  such  as  a  round  ruler, 
polarised  light  may  be  compared  to  a  flat  ribbon.  In  the  case  of  Iceland  spar  both  polarised 
rays  are  transmitted,  but  by  cutting  and  recementing  the  halves  together  in  a  particular  manner, 
the  extraordinary  ray  is  totally  reflected,  so  that  it  passes  out  of  the  field  of  view,  whikt  the 
ordinary  ray  only  is  transmitted.  This  arrangement  is  called  the  Niccl  prism  (which  see.) 
This  is  called  plane  polarisation  by  double  refraction.  Some  crystals  possess  the  property  of 
transmitting  only  one  polarised  ray.  The  tourmaline  and  ciystals  of  iodo-sulphate  of  quinine 
or  herapathite  are  of  this  character,  they  may  be  compared  to  a  grating  of  narrow  parallel  bars, 
allowing  the  passage  of  only  those  vibrations  which  are  parallS  to  tiie  direction  of  the  bsn. 
From  its  property  a  tourmaline  (and  also  a  Nicol  prism)  is  called  a  pdariser,  and  if  light  which 
has  passed  through  a  polariser  is  received  upon  another  polariser  in  the  same  direction  as  the 
former,  it  will  continue  to  be  transmitted,  but  if  the  second  polariser  is  at  right  angles  to  the 
first,  the  ray  will  be  stopped  by  it.  For  instance,  a  flat  ruler  will  pass  through  any  number  of 
gratings  parallel  to  its  plane,  but  will  be  stopped  by  one  at  right  angles  to  it.  Light  may  also 
be  polarised  by  reflection  from  a  polished  surface.  The  angle  at  wMch  the  light  must  be  inci- 
dent, BO  as  to  obtain  the  maximum  polarising  effect,  depen<k  upon  the  refractive  index  of  the 
reflecting  body,  the  law  being  that  the  polarising  angle  is  the  complement  of  the  angle  of  re- 
fraction. The  oppositely  polarised  ray  passes  through  the  glass,  and  is  said  to  be  polarised  by 
refraction.  The  rays  of  polarised  light  are  capable  of  interfering  and  producing  colour  like 
those  of  common  light.  The  phenomena  of  coloured  polarisation  are  amongst  the  most  gorgeous 
in  the  whole  domain  of  optics.    (See  Colourt  produced  by  Polarisation.) 

POLARISCOPE.  An  instrument  for  showing  the  phenomena  of  polarised  light.  It  con- 
sists essentially  of  a  polariser  and  an  analyser,  with  an  arrangement  between  the  two  for  sup- 
porting the  object  under  examination,  whether  it  be  a  selenite  film,  a  slice  of  a  crystal,  or  a 
piece  of  unannealed  glass.  The  polariser  for  large  objects  is  usuaUy  a  plate  of  black  glass  fixed 
so  as  to  reflect  light  into  the  instrument  at  the  proper  polarising  angle  ;  but  for  sm^  objects 
it  may  be  a  Nicol  prism,  a  tourmaline,  or  a  crystal  of  herapathite.  The  analyser  which  comes 
next  to  the  eye  may  also  be  either  a  tourmaline,  herapathite,  or  Nicol  prism. 

POLARISED  LIGHT.  Light  which  has  had  the  property  of  polarisation  conferred  upon 
it,  either  by  reflection,  refraction,  or  absorption.  It  may  be  either  plane,  circular,  or  elliptical 
polarised  light.     (See  Polarisation,  Plane.) 

POLARISER.  A  reflecting  plate  or  transparent  crystal,  by  means  of  which  common  light 
Is  converted  into  polarised  light.     (See  Polariscope.) 

POLARISING-  ANGLE.  The  polarising  angle  of  a  transparent  substance  may  be  ascer- 
tained by  Sir  David  Brewster's  law,  that  **  the  index  of  refraction  is  the  tangent  of  the  angle  of 
polarisation."    The  maximTim  polarising  angles  for  several  substances  are  as  follows  :— 

Water,         .  .  .  53*11' 

Glass,          .  .  .  56' 45' 

Rock  crystal,  •  •  $(>'' S^ 

Iceland  spar,  •  •  58*51' 

Diamond,     .  .  •  68*    i' 

The  following  table  shows  the  number  of  reflections  from  a  surface  of  glass  required  to  com- 
pletely polarise  light  at  angles  above  or  below  the  maximum  polarising  angle.  (See  Brewster  a 
Optics,  p,  173.) 
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Below  the  poIvUng  an^a. 

AboTe  the  polsrisliig  angle. 

No.  of 
BefleoUoni. 

Angle  at  which  the 
light  is  polarised. 

No.  of 
Beflectioiis. 

Anffle  at  which  th 
light  is  polarised. 

z 
a 

3 

4 

1 

7 
8 

so  36 
46  30 
43  5« 
41  43 
40    0 

38  33 
37  ao 

1 
a 

3 

4 

1 
1 

6a  30 

6S  33 

57  33 

69  X 

70  9 

7«    5 

71  sx 

POLABISING  MICBOSCOPE.  In  the  best  forms  of  compound  mictosoope,  a  polarUer, 
generally  a  Nicol's  prism,  is  attached  below  the  stage ;  and  an  analyser,  (another  Nicol's  prism,) 
is  fixed  above  the  object  glass,  in  this  manner  forming  a  polariscope  in  which  any  crystal  or 
other  transparent  object  on  the  stage  may  be  examined.     (See  Polariscope.) 

POLE.  (ir6Xof,  a  pivot  or  axis.)  Li  astronomy  the  name  given  to  each  of  the  two  points 
in  which  the  imaginary  axis  of  the  celestial  rotation,  or  the  axis  of  the  earth,  wonld,  if  pro- 
dnced,  meet  the  sphere  of  the  heavens.  The  term  is  also  nsed  in  astronomy,  as  in  spherical 
trigonometry,  &c.,  to  indicate  the  poles  of  any  great  circle  of  the  sphere ;  in  other  words,  the 
extremities  of  the  line  drawn  at  right  angles  to  the  plane  of  the  circle  through  its  centre  to 
meet  the  sphere.     In  this  sense  astronomers  speak  ox  the  poles  of  the  ecliptic^  and  so  on. 

POLE,  MAGNETIC.    See  Magnetie  P6U, 

POLEMOSCOPE.  (iroXe^f,  war;  and  <nroTe(»,  to  view.)  A  tube  bent  twice  at  right 
angles  with  oblique  reflectors  at  the  angles,  so  arranged  that  an  object  can  be  examined  without 
the  observer  being  seen.  It  is  useful  in  war  for  getting  a  knowledge  of  the  enemy's  move- 
ments, without  causing  the  observer  to  be  exposed  to  danger. 

POLE,  NEGATIVE,  OF  A  GALVANIC  BATTERY.  The  extremity  of  the  battery 
which  becomes  negatively  electrified  before  the  two  extremities  are  joined  by  a  conductor. 
(See  Battery^  Oalvanie,  and  Pole,  Poiitive.) 

POLE,  POSITIVE,  OF  A  GALVANIC  BATTEBY,  is  the  extremity  of  the  battery 
which  becomes  positively  electrified  before  the  two  extremities  are  joined  by  a  conductor.  (See 
BaUerift  Galvanic.)  The  current,  according  to  our  conventional  way  of  speaking,  passes  through 
the  liquid  towards  the  positive  pole,  and  through  the  interpolar  conouctors  from  the  positive  pole. 

POLE,  UNIT.     See  Unit  PoU. 

POLLUX.  The  star  p  of  the  constellation  Gemini.  It  is  somewhat  brighter  than  the  other 
twin  star  Castor.    It  is  multiple. 

POLY-CHROISM.    See  JHchroiim. 

POLYGON  OF  FOBCES.  {ro'k&ftapos,  many-angled,  and  consequently,  many-sided; 
ydn^os,  7(6y«a,  an  angle.)  A  principle,  said  to  have  been  discovered  by  Leibnitz,  by  which  we 
may  find  the  resultwt  of  any  number  of  forces  (in  one  plane)  acting  upon  a  point.  It  may  be 
thus  stated  : — If  any  number  of  forces  act  upon  a  point,  and  a  polygon  be  described,  having  the 
line  representing  one  of  the  forces  for  one  of  its  sides,  and  tbe  remaining  sides  successively 
parallel  and  equal  to  the  lines  representiog  the  other  forces,  the  line  which  completes  the 
polygon  will  represent  the  resultant  of  the  forces.  The  proposition  is  proved  by  finding  the 
resultant  of  each  pair  of  forces  by  the  parallelogram  of  forces,  and  then  fturther  compounding 
these  resultants.  The  single  resultant  which  is  finally  obtained  is  found  geometrically  to  coin- 
cide with  the  side  completing  the  polygon.  From  this  it  follows  that  when  a  number  of  forces 
acting  upon  a  particle  can  be  represented  in  magnitude  and  direction  by  the  sides  of  a  closed 
polygon  taken  in  carder,  tibe  forces  are  in  equilibrium.  (See  Parallelogram  of  Fotccm^  Triangle  of 
Foreet.) 

POLYZONAL  LENS.  Sir  David  Brewster  constructed  a  large  convex  lens  of  flint  ghtfs 
three  feet  in  diameter,  built  up  of  many  zones  and  segments,  the  pieces  being  each  ground  to 
the  proper  curvature,  and  afterwards  cemented  together.  Lenses  of  this  kind  are  now  intro- 
duced into  lighthouses  ;  they  have  the  advantage  of  being  constructed  of  any  diameter ;  and 
by  curving  tiie  different  surlaces  so  as  to  make  the  fod  of  each  zone  coincide,  the  spherical 
aberration  may  be  practically  corrected.  Lenses  of  this  kmd  would  not  be  perfect  enough  for 
employment  in  cases  where  tae  formation  and  examination  of  an  image  is  requisite. 
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PONTOONS.  (Fr.  ponton  ;  L.  pons^ »  bridge.)  Portable  floating  vessels  for  making  mili- 
tary bridges.    (See  Bndgei.) 

]^OROSITY.  (Lat.  poroiitas,  from  Gr.  r6pott  a  passage.)  A  term  used  to  describe  the  fact 
that  in  all  matter  with  which  we  are  acquainted  the  constituent  particles  are  not  uniformly  and 
completely  contiguous  to  one  another,  but  are  separated  by  intervening  spaces  or  pores.  The 
density  of  a  body  bears  an  inverse  ratio  to  its  porosity  (see  Density) ;  t£u8  gold  and  platinum, 
being  of  great  density,  are  much  less  porous  than  cork,  or  than  any  liquid  or  gas.  It  was  at  one 
time  thought  that  the  heavy  metals  were  so  dense  as  to  possess  no  pores  whatever  ;  and  to  solve 
this  question  an  experiment  was  performed  at  Florence  in  1 66 1  upon  gold,  one  of  the  heaviest 
substances.  A  hollow  sphere  of  gold  was  filled  with  water,  and  securely  closed.  It  was  then 
subjected  to  a  pressure  so  great  as  to  alter  the  form  of  the  sphere.  Now,  it  may  be  proved  by 
geometry  that  a  given  surface  encloses  the  greatest  possible  space  when  it  is  in  the  form  of  a 
sphere.  When  the  experiment  was  tried,  therefore,  it  was  expected  that  either  the  liquid  would 
be  compressed  or  that  the  vessel  would  burst.  But  a  slight  compression  of  the  liquid  occurred ; 
the  porosity  of  the  gold  was  proved  by  the  appearance  of  the  water  like  dew  on  the  exterior 
of  the  sphere,  no  bursting  or  other  injury  to  the  integrity  of  the  globe  taking  place. 

The  pores  of  bodies  may  be  filled  by  other  substances  whose  particles  are  smaller  than  the 
pores.  Thus,  in  filtration  we  separate  from  liquids  various  solid  particles  which  are  too  large 
to  enter  or  pass  through  the  pores  of  the  filtering  material,  such  as  paper,  charcoal,  kc. ;  while 
the  liquid  will  enter  and  pass  through  them.  When  the  pores  are  not  filled  with  other  sub- 
stances they  are  usually  filled  with  air.  When  sugar  is  dissolved  in  water  the  air  is  seen  to 
rise  to  the  surface  of  the  liquid  in  bubbles,  and  very  frequently  under  the  receiver  of  an  air- 
pump  substances  placed  in  water  may  be  seen  to  give  up  the  air  which  was  contained  in 
their  pores,  as  the  receiver  gradually  becomes  exhausted. 

The  porosity  of  liquids  is  shown  by  an  experiment  such  as  the  following.  A  glass  instrument 
is  taken,  consisting  of  two  connected  bulbs  and  a  tube,  having  a  very  narrow  neck,  so  that  a 
small  decrease  in  bulk  may  be  noted.  A  quantity  of  water  is  placed  within  the  instrument^  and 
it  is  then  filled  up  with  spirit  of  wine  ;  after  agitation,  an  empty  space  will  be  seen  at  the  top 
of  the  neck,  showing  that  the  particles  are  closer  together  than  they  had  previously  been. 

Many  metals  become  more  dense  by  hanmiering,  and  all  metals  decrease  in  volume  as  they 
are  rendered  colder,  so  that  the  particles  cannot  be  in  complete  contact.  The  passage  of  gases 
through  the  pores  of  metallic  septa  has  recently  aflforded  a  fruitful  field  for  investigation.  (See 
Diftuion  of  Ocuea,  and  the  papers  of  Deville  and  Troost,  PhiL  Mag.  IV.,  xxvL  336,  and  Graham, 
PhiL  Trans.,  1S66.)  Graham's  conclusions  as  regards  degrees  of  porosity  are  that  **  there  ap- 
pear to  be  ( I.)  pores  through  which  gases  pass  under  pressure,  or  by  capiUary  transpiration,  as 
in  dry  wood  and  many  minerals ;  (2.)  pores  through  which  the  gases  <£>  not  pass  under 
pressure,  but  pass  by  their  proper  molecular  movement  of  cSffusion,  as  in  artificial 
graphite  ;  and  (3.)  pores  through  which  gases  pass  neither  by  capillary  transpiration,  nor  by 
thdr  proper  diffusive  movement,  but  only  after  li<]|uefaction,  such  as  the  pores  of  wrought 
metals,  and  the  finest  pores  of  graphite."    (See  Density;  OompressUnlity;  CapUlarUy.) 

POSITION  CIRCLE.  A  polished  metal  circle  graduated  from  o**  to  360%  and  sometimes 
attached  to  a  micrometer  eye-piece,  the  equatorial  mounting  of  a  telescope,  &c.,  and  generally 
wherever  any  portion  of  an  instrument  hsM  to  be  rotated,  and  the  angle  through  which  it  moves 
measured.  Applied  to  an  equatorial  telescope  the  position  circle  on  the  polar  axis  is  called  the 
right  ascension  cirde  or  hour  cirde,  and  the  one  attached  to  the  telescope  is  called  the  dedina* 
turn  cirde.  These  circles  are  sometimes  many  feet  in  diameter,  and  are  subdivided  to  minutes, 
and  with  Vemier*s  may  be  read  to  seconds,  and  even  less.  (See  Hour  Cirde;  Dedination  Cirde; 
Vernier.) 

POSITIVE  AND  NEGATIVE  AXIS  OP  CRYSTALS.  Common  light  falling  on  a 
doubly-refracting  crystal  in  any  direction  except  along  the  axis,  is  split  up  into  two  polarised 
rays,  the  ordinazy  and  the  extraordinary  ray,  which  advance  with  unequal  degrees  of  velocity, 
and  are  refracted  differently.  When  the  extraordinary  ray  advances  more  rapidly,  it  is  refracted 
towards  the  axis,  and  the  crystal  is  said  to  have  a  positive  axis  ;  but  when  the  extraordinary 
ray  advances  least  rapidly,  it  is  refracted /ron»  the  axis,  and  the  crystal  is  said  to  have  a  nega- 
tive axis.  Iceland  spar  and  airagonite  have  negative  axes,  quartz  and  selenite  have  post* 
tive  axes.    (See  Crystals,  Optic  Ams  of;  Crystals,  DoMe  JRrfraction  of.) 

POSITIVE  EYE-PIECE.  This  eye-piece  is  generally  used  in  telescopes  and  microscopes^ 
where  it  is  desired  to  use  it  in  conjunction  with  a  micrometer.  It  consists  of  two  planoKx>nvez 
lenses,  the  convex  sides  turned  inwards,  and  their  focal  lengths  equal.  They  are  placed  at  such 
a  distance  apart  that  the  equivalent  focus  falls  a  little  in  advance  of  the  field  lens,  so  that  the 
threads  of  the  micrometer  can  be  accurately  focussed  without  particles  of  dust,  &c.  on  thefield« 
glass  being  visible.     (See  Eye-piece;  Negative  Eyc-mece;  Micrometer  Eye-piece.) 
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POTASH.    See  PaUusium. 

POTASSIUM.  A  metallic  element,  compoonds  of  which  are  very  widely  diffused.  It  was 
first  obtained  in  the  metallic  state  by  Davy  in  1807  by  the  electrolysis  of  its  hydrated  oxide. 
It  is  a  bliush  white  metal  of  a  pasty  consistency,  and  easily  welded  when  two  clean  surfaces  are 
kneaded  together  between  the  fingers.  Specific  gravity  0*865  ;  symbol  K,  from  Kalium,  a 
name  derived  from  the  Arabic  Kali  )  atomic  weight  39*1.  It  melts  at  62*5**  C.  (144*5**  ^O*  ^^^ 
at  a  red  heat  distils,  forming  a  beautiful  green  vapour.  The  affinity  of  potassium  for  oxygen 
is  very  greats  A  freshly  cut  surface  instantly  tarnishes  in  the  air,  and  when  a  small  piece  of  the 
metal  is  thrown  into  water  it  decomposes  it,  liberating  the  hydrogen,  and  evolving  so  much  heat  as 
to  cause  the  ignition  of  the  gas,  which  bums  with  a  violet  flame,  whilst  a  globule  of  the  melted 
metal  floats  on  the  surface  of  the  water,  and  the  remaining  globule  of  mi-hot  potash  finally 
disappears  with  explosion  as  it  unites  with  the  water.  Heated  with  bodies  containing  oxygen, 
potassium  quickly  decomposes  them.  The  metal  can  only  be  preserved  by  covering  it  vrith 
mineral  naphtha — a  hydro-carbon  free  from  oxygen,  and  sufficiently  light  to  allow  the  potassium 
to  sink  in  it.  Potassium  is  obtained  by  heating  a  mixture  of  carbonate  of  potassium,  carbonate 
of  calcium,  and  carbon,  to  whiteness  in  an  iron  tube  arranged  as  a  retort.  The  potassium  is 
set  free  by  the  carbon,  which  takes  its  oxygen,  forming  carbonic  oxide,  and  distils  over,  and  is 
received  in  vessels  containing  naphtha^  The  compoimds  of  potassium  are  numerous,  and  many 
of  them  important.     The  principal  ones  are  as  follows  : — 

Potash,  The  hydrated  oxide  or  hydrate  of  potanium,  frequently  called  eauttie  potash. 
Symbol  K^O.H^O.,  or  KHO. ;  specific  gravity,  2*1.  It  is  white  and  crystalline,  melting  below 
a  red  heat  to  a  clear  liquid,  and  volatilising  at  a  higher  temperature.  Exposed  to  the  air 
it  rapidly  absorbs  water,  and  becomes  carbonated.  It  is  veiv  soluble  in  water  and  alcohol, 
and  its  solution  has  a  powerful  corroding  action  on  animal  and  vegetable  substances,  on  which 
account  it  is  sometimes  used  as  a  caustic  in  surgery.  Its  solutionis  intensely  alkaline  ;  it  turns 
litmus-paper  blue,  and  turmeric  paper  brown.  It  neutralises  all  acids,  forming,  for  the  most 
part,  well-defined  and  crystalline  compounds.  (For  a  description  of  the  most  important  of  these 
«ee  the  names  of  the  acids.)  It  is  of  great  value  in  the  laboratory  as  a  reagent,  both  on  account 
of  its  powerful  affinity,  in  the  liquid  and  solid  state,  for  carbonic  acid,  and  also  in  solution  as  a 
precipitant  for  heavy  metallic  oxides  from  their  salts. 

Chloride  of  Potassium  (KCl)  is  found  native  at  Stassfurth,  and  is  known  under  the  mineral* 
ogical  name  of  Sylvine,  It  also  occurs  in  sea  water  and  brine  springs.  It  crystallises  in  cubes, 
which  dissolve  easily  in  water,  but  are  very  slightly  soluble  in  alo^ol.  The  crystals  are  per> 
manent  in  the  air,  taste  somewhat  like  common  salt,  and  when  heated  decrepitatoi  and  melt  at 
a  dull  red  heat,  volatilising  at  a  higher  temperature. 

Bromide  of  Potassium  (KBr)  forms  brilliant  cubical  ciystals,  easily  soluble  in  water,  decre- 
pitating and  melting  below  redness. 

Iodide  of  Potassium,  (KI.)  This  salt  forms  cubical  crystals,  usually  white  and  opaque. 
They  are  permanent  in  the  air,  and  melt  below  a  red  heat.  They  are  very  soluble  in  wat^r, 
and  tolerably  so  in  alcohoL  A  solution  of  iodide  of  potassium  dissolves  iodine,  forming  a  dee^ 
farown  solution. 

Fluoride  of  Potassium,  (EP.)  This  is  a  deliquescent  crystalline  compound,  very  soluble  fai 
water,  forming  a  solution  having  an  alkaline  reaction  and  sharp  tastei  It  forms  double  salts 
with  other  fluorides. 

Cyanide  of  Potassium^  (KCy.)  A  compound  of  potassium  with  the  compound  radical  cyano- 
gen. (See  Cyanogen,)  In  the  pure  state  it  forms  cubical  crystals,  but^  as  usually  met  with,  it 
is  a  hard,  white,  opaque  fused  mass,  very  soluble  in  water,  and  deliquesdng  in  the  air.  In  this 
state  it  contains  also  cyanate  and  carbonate.    It  is  much  employed  in  photography. 

POTENTIAL,  ELECTRIC.  A  term  applied  by  George  Green,  of  Nottingham,  and  mudi 
used  with  respect  to  the  mathematical  theory  of  electricity.  The  conception  of  the  potential 
is,  however,  by  no  means  confined  in  its  oonnection  to  eleotricity ;  it  belongs,  in  fact>  to  the 
theory  of  attraction  generally. 

Sir  William  Thomson  thus  defines  electric  potential  (British  Association  Eeport,  1852,  PhiL 
Mag.,  1853)  : — "  The  potential  at  any  point  in  the  neighbourhood  of  or  within  an  elec^fied 
body,  is  the  quantity  of  work  that  would  be  required  to  bring  a  unit  of  positive  electricity  from 
an  infinite  distance  to  that  point  if  the  given  distribution  of  electricity  remained  unaltered." 
He  also  speaks  of  the  difference  of  electric  potential  between  any  two  points  as  the  quantity  of 
work  required  to  move  a  unit  of  electricitv  from  one  point  to  the  other.  The  difference  of 
potential  between  any  two  points  is  the  electromotive  force  between  them.  A  difference  of 
electric  potential  between  two  points  tends  to  produce  a  transference  of  electricity  from  one  of 
them  to  the  other. 

Friction  of  various  bodieii  the  motion  ol  magnets,  chemical  action,  &&,  alter  the  potential  of 
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certain  points,  or  m^intiLtn  »  difference  of  pofcentiala  between  them,  which  gives  ine  to 

electric  current. 

Hie  difference  of  electric  potential  between  two  points  is  miity,  if  a  unit  of  mechazacal 

work  is  spent  in  transferring:  unit  quantity  of  electricity  from  one  of  the  points  to  the  other. 
When*  instead  of  a  difference  of  electric  potential  between  two  points,  the  potential  of  a  point 

limply  is  spoken  of,  the  difference  of  potential  between  that  point  and  the  earth  is  refeired  to^ 

or,  in  fact,  the  electromotive  force  between  that  point  and  the  earth. 
A  surfikce  at  every  point  of  which  the  potential  has  the  same  value  is  called  an  eqmpoien^ed 

■nrf ace.     On  such  a  surface  the  attraction  is  at  each  point  normal  to  the  tangent  plane  at  the 

point,  for  there  is  no  change  of  potential  from  point  to  point  in  any  direction  along  it,  and 

therefore  there  is  no  force  in  any  such  direction.    In  any  space  the  Une$  of  force  obviooaly  cut 

all  equipotential  surfaces  normally. 
When  a  current  is  passing  through  a  circuit  the  potential  is  different  at  every  point  ahmg  the 

circuit.    The  difference  from  point  to  point  depends  upon  the  resistance  between  the  points  and 

the  electromotive  force  of  the  source  of  electricity. 
With  these  few  but  important  definitions  and  explanations,  we  must  refer  the  reader  to 

Thomson  and  Tait*8  Treatise  on  Natural  Philosophy,  and  to  the  papers  of  Thomson,  Briti^ 

Association  Report,  i8S2  ;  Philosophical  Magazine,  1853 ;  Proceedings  of  the  Royal  Society, 
i860 ;  PhiL  Mag.,  i860,  where  full  information,  with  the  statement  and  proof  of  various  ink- 
portant  propQBitionB,will  be  found. 

POWER.  In  mechanics,  any  force  which,  applied  to  a  machine,  tends  to  produce  motion. 
The  mechanical  powers  are  the  six  simple  machines,  namely,  the  lever,  the  whed  and  axU^  the 
puUe^f  the  incUned  plane,  the  eerew,  and  the  v/edge, 

PR^^SEPE.    (A  beehive.)  In  astronomy,  a  fine  cluster  of  stars  in  the  constellatian  Cancer, 
one  of  the  few  known  to  ancient  astronomers. 
PRASE.    See  Qttartz. 

PRECESSION  OF  THE  EQUINOXES.  A  gradual  change  in  the  position  of  .the  nodes 
of  the  earth's  equator  on  the  ecliptic.  Its  nature  is  such  that  the  nodes  ol  the  celestial  equator 
on  the  ecliptic — in  other  words,  the  first  points  of  Aries  and  Libra  are  continually  travelling 
along  the  ecliptic  in  a  direction  contrary  to  the  order  of  the  signs.  The  mean  rate  of  this 
motion  is  such  that  a  complete  revolution  of  the  nodes  is  accompUshed  in  25,866  years.  Thus 
the  mean  annual  amotmt  of  precession  is  50"' 10,  and  the  nodes  shift  one  degree  in  71*6  years. 
The  precession  of  the  equinoxes  was  discovered  by  Hipparchus.  (See  Astronomy.) 
The  physical  cause  of  precession  is  the  action  of  the  sun  and  moon,  and,  in  a  minor  d^;ree,  of 
the  planets,  upon  the  protuberant  equatorial  portion  of  the  earth's  spheroidal  mass.  If  we  con- 
sider any  particle  of  this  protuberant  mass,  we  see  that,  if  free,  it  would  travel  around  the  earth, 
and  that  its  orbit  would  be  liable  to  changes  of  position  resembling  in  their  general  character 
those  which  affect  the  moon's  orbit.  Now,  since  this  is  true  of  every  particle,  it  is  dear  that 
there  is  a  general  tendency  in  the  protuberant  mass  to  shift  as  the  moon's  orbit  does,  that  i% 
on  the  whole,  retrogressively,  and  at  such  a  rate  that  a  complete  revolution  of  the  nodes  of  the 
equator-plane  would  be  effected  within  a  moderate  number  of  years.  But  this  tendency  is  re- 
sisted by  the  cohesion  which  binds  every  particle  of  the  protuberant  mass  to  the  terrestrial 
globe.  This  globe  may  be  regarded  as  a  mass  which  these  particles  are  severally  endeavouring 
to  shift  in  such  sort  that  the  nodes  of  its  equator-plane  shall  move  retrogressively  round  the 
plane  of  the  ecliptic.  Now,  this  action  of  the  particles  does  prevail  to  shift  the  earth's  mass  in 
this  way ;  but  the  rate  at  which  the  change  takes  place  is  very  much  slower  than  that  at  which 
the  orbit-plane  of  any  particle's  motion  would  shift.  The  actual  rate  of  change  wUl  depend  on 
the  forces  at  work  to  produce  the  change,  and  on  the  mass  of  the  earth.  The  sun,  of  course^ 
exerts  an  influence  here  precisely  resembling  that  which  he  exerts  on  the  moon's  orbit.  But 
the  moon  also  holds  a  position  with  respect  to  each  of  the  imaginary  particles,  corresponding  to 
that  which  the  sun  holds  with  respect  to  the  moon.  Each  particle  travels  round  the  earth  in 
a  plane  not  coinciding  with  the  plane  of  the  moon's  orbit ;  and  therefore  the  moon  at  aB  times^ 
except  when  on  the  plane  of  the  equator,  tends  to  modify  the  position  of  each  particle's  plane 
of  motion  precisely  as  the  sun  modifies  the  position  of  the  moon's. 

Here,  then,  we  have  a  general  explanation  of  what  is  termed  the  luni-solar  precession  of  the 
equinoxes.  But  the  lunar  precession  is  affected  by  a  peculiarity  which  still  remains  to  be  ac- 
counted for.  We  have  seen  that  the  moon's  action  depends  on  the  inclination  of  her  orbit  to 
Jie  plane  of  the  earth's  equator.  This  inclination  is  subject  to  an  oscillatory  change  whose 
period  is  about  nineteen  years.  Hence  also  there  arises  an  oscillatory  variation  in  the  rate  of 
precession,  the  nodes  retrograding  less  swiftly  than  they  otherwise  would  when  the  moon's  in- 
clination  is  less  than  the  average,  and  more  swiftly  when  the  moon's  inclination  is  greater  than 
the  average.    But  further,  the  inclination  of  the  earth's  equator-plane  to  the  ecliptic  is  modified 
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by  the  moon's  action,  precisely  as  the  inclination  of  the  moon's  plane  to  the  ecliptic  is  modified 
by  the  sun's  action.  This  change  is,  of  conrse,  also  oscillatory,  and  has  the  same  period  as  the 
oscillatory  change  in  the  rate  of  precession.  The  combination  of  these  two  oscillations  causes 
a  nutational  motion  of  the  earth  s  axis  in  an  elliptic  cone  round  the  oonstantiy  retrograding 
mean  position  of  the  axis,  the  extent  and  figure  of  the  cone's  elliptic  section  being  such  as  is 
described  under  the  head  Nutation  (q.v.).  Laplace,  MicatUg[ue  Celeste, 

PRECIPITATE.  A  name  applied  in  chemistxy  to  a  solid,  which  is  separated  from  a  sohi- 
tion  in  the  amorphous  or  crystalline  form,  by  the  addition  of  a  reagent  or  exposure  to  heat 
or  light.  The  process  of  precipitation  is  largely  used  in  analytical  chemistry  and  in  manufactur- 
ing operations,  as  a  means  of  separating  or  purifying  chemical  compounds. 

PREDICTIONS,  WEATHER.    See  Weather, 

PRESSURE.  In  statics,  it  is  synonymous  with  force.  Hence  pressure  is  a  force  counter- 
acted by  another  force,  so  that  no  motion  is  produced.  When  a  body  is  laid  on  a  horizontal 
table,  its  weight  will  be  counteracted  by  the  resistance  of  the  table ;  this  resistance  is  a  pres- 
sure. A  pressure  tending  to  compress  tiie  body  on  which  it  acts  is  termed  a  tkrutt  when  ap- 
plied from  without,  and  a  reaction  when  called  into  existence  by  a  thrust.  When  a  body  is  acted 
on  by  two  equal  and  opposite  pressures  whidi  tend  to  produce  elongation,  each  is  termed  a 
etravn  or  tetuiony  the  former  term  being  used  when  the  body  is  inflexible,  the  latter  when  it  is 
flexible.  Thus  we  speak  of  the  ttrain  of  a  tie  beam  and  the  tennon  of  a  cord.  For  parallelo- 
gram of  pressures,  see  ParaUdogram  of  Forcet. 

PRESSURE  OF  LIQUIDS  ON  THE  BOTTOM  OF  VESSELS.  Since  {Levd  Surfa^ 
of  Liquids)  whatever  be  the  size  or  shape  of  the  two  communicating  vessels,  the  liquid  in  them 
is  at  rest  when  the  level  of  each  is  tiie  same,  we  may  suppose  any  surface  in  the  liquid  at  rest 
to  be  the  field  where  two  equal  and  opposite  forces  counterbalance  one  another.  Thus,  let  a 
trumpet-shaped  tube  be  bent  in  the  middle  into  a  U  form.  The  surface  of  the  liquid  which  the 
tube  holds  will  be  of  the  same  horizontal  height  in  both  limbs.  Since  there  is  equilibrium 
throughout,  there  must  be  equilibrium  on  every  plane  surface  of  the  liquid,  consequently  on  the 
vertical  pUme  section  of  the  bend  of  the  tube.  On  the  one  side  of  this  plane  we  have  a  liquid 
column,  tapering  as  we  ascend,  on  the  other  an  expanding  column  of  equal  height.  Cons^ 
quently  the  pressure  exerted  on  this  intermediate  phme  does  not  depend  upon  the  total  quan- 
tity of  liquid  above  it^  but  upon  its  depth  below  the  liquid  surface.  Conceive  the  tube  to  be 
divided  in  the  middle,  and  bottoms  to  be  supplied  at  both  ends.  The  resistances  of  these  bottoms 
would  be  equal  to  the  pressures  upon  them,  and  therefore  equal  to  one  another,  since  the  latter 
were  so.  Hence  the  pressure  on  the  bottom  of  a  vessel  containing  a  liquid  varies  with  the 
height  of  the  liquid  above  it.  It  also,  of  coxune,  varies  with  the  size  of  the  base,  because,  tak- 
ing equal  and  similar  vessels  side  by  side,  the  pressure  on  the  two  bottomstogether  is  twice  that 
on  one ;  and  the  same  must  be  true  when  the  two  neighbouring  vessels  are  joined  into  one, 
having  therefore  a  base  of  double  size.  Consequentiy,  in  genend  terms,  the  pressure  on  the 
bottom  of  a  vessel  containing  a  liquid  is  equal  to  the  weight  of  a  vertical  cylindrical  column  of 
water,  whose  base  is  the  bottom,  and  whose  height  is  the  depth  of  the  liquid.  This  pressure 
idso,  of  course,  varies  as  the  density  of  the  liquid.  A  simple  experimental  proof  of  this  prin- 
ciple may  be  given  by  taking  a  cybnder,  open  at  both  ends,  placing  a  disc  of  wood  on  the  lower 
end,  fastening  a  string  to  the  centre  of  the  wooden  dise,  passing  tibe  string  up  along  the  axis  of 
the  cylinder,  and  han^ng  the  whole  up  by  the  string.  Whatever  quantity  of  water  may  be  poured 
into  the  cylinder,  no  lesJcage  occurs,  because,  though  the  weight  of  the  contained  water  strives  to 
push  off  the  disc,  the  tension  of  the  string  increases  pari  passu,  so  that  equilibrium  is  maintained. 

PRESSURE  THROUGH  LIQUIDS -PASCAL'S  LAW.  The  parte  of  a  rigid  body  or 
solid  are  so  bound  together  by  cohesion  that  a  pressure  acting  on  one  point  in  any  direction 
will  tend  to  move  the  whole  of  the  solid  in  that  direction.  Other  mechanical  forces,  such  aa 
friction,  inertia,  &c.,  may  modify  the  direction  in  which  the  parte  of  the  body  may  move ;  but 
unless  rupture  of  the  body  take  place,  the  relative  positions  of  the  parte  to  one  another  remain 
unchanged.  This  is  strictly  true  of  only  absolntely  ri^d  solids.  In  elastic  solids  it  is  true  that 
such  relative  positions  may  alter  ;  but  still,  as  far  as  is  known,  neighbouring  particles  remain 
neighbours,  whatever  modification  of  form  the  solid  may  undergo  when  submitted  to  pressure. 
The  essential  mechanical  difference  between  solids  and  liquids  is,  that  while  in  solids  the  coho- 
sion  is  sufficient  to  maintoin  the  relative  position  or  neighbourhood  of  the  parte,  that  is,  the 
approximate  shape  of  the  solid,  the  cohesion  of  liquids  is  so  very  much  less,  that  the  sUghtest 
mechanical  force  seto  in  motion  that  portion  of  the  liquid  mass  on  which  it  acte,  and  such  a 
portion  moves  with  but  littie  resistence  among  the  neighbouring  parte.  In  other  words,  tiiere 
is  with  liquids  but  little  effort  to  maintain  locad  relative  position.  When  a  solid  which  is  in- 
soluble in  a  liquid  &b  plunged  iuto  a  quantity  of  that  liquid,  the  (upper)  surface  of  which  is 
exposed  to  the  air,  the  liquid  must  be  displaoed.    (See  IH^plaeemaU;  abo  Wave,)    Hie  dia* 


PRI  446  FBI 

placed  portion  pushes  against  the  neighbouring  parts,  and  so  on,  the  result  being  a  lifting  of  tiia 
surface.  If  a  piston  be  driven  into  a  cylinder  communicating  with  a  vessel  of  liquid — ^botii 
vessel  and^  cylinder  beiag  replete  with  liquid — ^it  is  found  that  every  equal  area  of  the  vessel's 
surface  is  pre8aed  outwards  with  equal  force ;  and  that  every  portion  whose  area  b  equal  to  the 
area  of  the  piston  is  pressed  by  a  force  equal  to  the  pressure  applied  to  the  piston.  Hence  a 
deduced  the  law  known  as  Pa»caJCt  law,  that  **  when  any  portion  of  the  surface  of  a  confined 
liquid  is  pressed  by  any  force,  evexy  other  portion  of  the  surface  of  the  confining  vessel  equal  in 
area  to  the  fint  portion  is  pressed  oy  an  equal  force."  In  other  words,  liquids  transmit  pressure 
equally  in  idl  directions.  The  same  law  is  equally  true  of  all  gases,  and  therefore  of  floida 
generally. 

PRIMARY  AND  SECONDARY  RAINBOW.    SeeJZamJow. 

PRIMARY  COIL.     See  C7ofl,  PHmary, 

PRIME  CONDUCTOR  OF  AN  ELECTRIC  MACHINE.    See  CondwU^,  Prime, 

PRIME,  VERTICAL.     In  astronomy,  a  great  circle  passing  through  the  east  and  west 
points  of  the  horizon  and  the  zenith. 

PRIMUM  MOBILE.    (Lat. )    A  term  belonging  to  the  Ptdemaic  Syttem  {q.v,) 

PRINCE  RUPERTS  DROPS.  When  substances  possessing  a  high  temperature  are  sud- 
denly cooled,  their  particles  are  in  a  state  of  strain.  If  glass  is  melted  and  poured  into  water, 
the  external  surface  is  instantly  solidified  and  cooled,  while  the  internal  portions  cool  mors 
slowly ;  hence  arises  a  difference  of  equilibrium  in  regard  to  the  molecular  force  of  the  snzfaoo 
particles  and  those  in  the  interior ;  in  fact,  the  exterior  surface  which  cooled  first  has  to  bear 
the  strain  due  to  the  contraction  of  the  inner  particles,  and  this  it  does  from  the  perfection  of 
its  form,  which  is  usually  that  of  an  ellipsoid  prolonged  in  the  direction  of  its  major  axis  at  one 
end  into  a  lengthy  tail  ^iMlually  lessening  in  thickness  until  it  becomes  pointed.  On  account 
of  this  tear-like  appearance,  sudi  pieces  of  unannealed  glass  are  called  lAirmu  BataviqueB  bj 
the  French  ;  in  this  country  they  are  sometimes  called  Dutck  Tean,  but  more  generally  Prince 
Rwper^i  Drops,  from  their  discoverer.  Now,  when  there  is  a  break  of  continuity  at  any  point 
of  the  surface,  as  by  scratching  it  with  a  diamond,  or  breaking  off  the  tip  of  the  tail,  the  whole 
mass  is  instantly  pcdverised ;  the  strain  has  suddenly  ceased,  the  strained  molecules  are  released^ 
and  equilibrium  is  restored.  The  particles  have  been  mristing  in  a  state  of  molecular  potential 
energy ;  hence  we  should  expect  that  when  it  leaves  this  condition  on  the  removal  of  the  re- 
straining influence,  heat  woald  result,  and  that  tMs  is  the  case  has  been  proved  within  the  last 
few  months.  The  Bologna  Flcuk  illustrates  in  like  manner  the  condition  produced  in  certain 
solids  by  sudden  cooling.  It  consists  of  a  very  thick  flask  of  blown  glsuas,  which  has  been 
quickly  cooled ;  when  the  surface  is  ruptured,  as  by  shaking  a  little  piece  of  flint  in  the  flask 
tmtU  a  slight  scratch  is  produced,  the  bottom  instantly  falls  out.  The  explanation  which  applies 
to  the  breaking  of  Prince  Rupert's  Drops  is  obviously  equally  applicable  to  the  Bologna  FLaak. 
It  results  from  the  above  facts  that  fragile  articles  of  brittle  material  must  be  very  slowly 
cooled  if  they  are  to  be  submitted  to  dumges  of  temperature.  A  tumbler  of  badly  annealed 
glass  cracks  when  hot  water  la  poured  into  it,  because  it  has  been  too  quickly  cooled,  and  the 
hot  water,  in  expanding  the  interior  surface,  produces  a  strain  upon  the  contiguous  particles 
which  they  cannot  bear  without  rupture.  Wben  glass  Is  properly  annealed,  it  is  placed  in  a 
furnace,  which  passes  in  various  positions  of  its  length  from  nearly  a  red  heat  to  a  heat  below 
that  of  boiling  water ;  and  by  slowly  passing  the  glass  from  the  hot  to  the  cool  end  of  the  fur- 
nace, it  becomes  so  well  annealed  that  sudden  dumges  of  temperature  can  be  readily  withstood 
without  fracture. 

PRINCIPAL  CURRENT.    See  Derived  CfwrenU. 

PRINCIPAL  FOCUS.    See  Focus, 

PRINCIPIA.  The  name  of  the  immortal  work  in  which  Newton  presented  and  established 
the  theory  of  gravitation.  " 

PRISM.  (r/Hcr/ua,  from  vpi^Uy  to  saw.)  In  optics  a  prism  is  a  triangular-«haped  piece  of  glass 
or  other  transparent  medium  with  polished  surfaces.  The  section  may  be  either  a  right  an^e, 
an  equilateral,  or  an  isosceles  triangle.  The  equilateral  and  isosedes  priems  are  employed  for  effect- 
ing the  prismatic  decomposition  of  light.  When  a  ray  of  light  falls  obliquely  upon  one  of  its 
refracting  surfaces,  it  passes  through  and  emerges  at  the  opposite  face,  suffering  at  its  ingress 
and  egress  two  refractions  in  the  same  direction,  whereby,  unless  the  light  be  homogeneous,  the 
ray  is  spread  out  into  its  component  colours,  forming  a  spectrum.  The  right  anglepriem  {which 
see),  is  used  as  a  reflector.  Besides  the  above,  there  are  theprismatic  lenses,  doMe  image  prim, 
NiooVs  prism,  WenhanCs  prism,  compound  prism,  achromatic  prism,  direct  vision  prism,  variable 
prism^  inverting  prism,  liquid  prism,  disulphide  of  carbon  prism,  gwwiz  or  rock  er^fstal  prism,  for 
particulars  of  each  of  which  see  their  respective  headings. 

PRISMATIC  DECOMPOSITION  OF  LIGHT.    See  Dispereion. 
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PRISM,  DIRECT  VISION.  In  the  article  '*  Achromatiam,"  it  has  been  shown  how  it  is 
possible  to  produce  refraction  without  dispersion  by  using  two  kinds  of  glass,  which,  for  the 
same  amount  of  dispersion,  will  refract  differently,  and  thus  neutralising  their  dispersion,  and 
making  use  of  the  balance  of  refraction.  A  system  of  direct  vision  prisms  is  based  on  the  con- 
verse principle  to  this.  The  flint  and  crown  glass  prisms  are  so  cut  that  their  mean  refractions 
shall  be  equal,  and  therefore  neutralise  each  other.  The  ray  of  light  consequently  emerges 
in  the  same  direction  as  it  enters  ;  as,  however,  for  equal  amounts  of  refraction,  the  dispersivo 
powers  of  flint  and  crown  glass  are  different,  these  will  not  neutralise  each  other,  but  will  leave 
an  excess  of  dispersion.  Direct  vision  prisms  are  very  convenient,  but  owing  to  the  thickness 
of  glass,  and  the  many  surfaces  through  which  the  Ught  has  to  pass  in  order  to  produce  any 
considerable  amount  of  dispersion,  their  performance  is  inferior  to  that  of  good  glass  prisms  of 
the  usual  construction. 

PRISM,  DOUBLE  IMAGE.  A  double  image  prism  may  be  made  of  any  doubly-refract- 
ing crystal,  but,  in  practice,  calo  or  Iceland  spar  is  always  employed,  except  in  special  cases, 
where  it  is  advisable  to  employ  quartz.  Under  the  heading  **  Polarisation  Plane"  the  cause  of 
the  double  image  given  by  cslcspar  is  explained.  To  form  a  double  image  prism  of  calcspar 
the  crystal  is  cut  so  as  to  produce  the  greatest  possible  divergence  between  the  ordinary  and 
the  extraordinary  rays,  and  it  is  then  rendered  achromatic  by  a  prism  of  glass  cemented  to  it. 
To  increase  the  separation  the  glass  is  sometimes  replaced  by  another  prism  of  calcspar. 

PRISM  TELESCOPE.  An  instrument  by  which  magnifying  power  may  be  obtained  by 
the  combination  of  four  prisms  of  the  same  glass.    (See  Brewsier^t  (^ia,  p.  363.) 

PRISM,  NICOL'S.    See  NicoTi  Pritm. 

PRISM,  WENHAM'S.    See  WenkanCs  Prim. 

PRISMATIC  LENS.  Light  incident  upon  a  right  angle  prism  perpendicularly  to  one  ot 
its  faces  suffers  total  reflection.  (See  B^/Uctton  of  L^fht,  Total;  and  Right  Angle  PrUm,)  The 
intrant,  or  emergent  side,  or  both,  may  be  ground  to  a  concave  or  convex  spherical  surface,  and 
the  prism  then  lusts  in  aU  respects  as  a  lens,  having  similar  surfaces,  with  the  addition  of  bend- 
ing the  ray  at  right  angles,  and  reversing  its  sides.  In  this  manner  we  can  have  a  doMt-con- 
vex  priim,  plano-convex  pritm^  douUe-conoave  prism,  plano-eoncave  prism,  fMnisau  prism j  and 
concavo-convex  prism,  and  by  cementing  to  one  or  both  of  these  curved  surfaces  an  appropriate 
lens  of  another  kind  of  glass,  the  prismatic  lens  may  be  achromatised. 

PROCYON.  {rpo  and  k^wp,  a  dog ;  the  star  that  rises  before  the  dog-star.)  The  star  a 
of  the  constellation  Canis  Minor. 

PROJECTILES.  {Prqjieio,  to  throw  forward,  set  in  motion.)  When  a  body  is  thrown  vei^ 
ticaUy  upwards  it  moves  in  a  straight  line,  and  returns  to  the  place  from  which  it  started. 
When,  however,  the  direction  of  projection  makes  an  angle  with  the  vertical,  the  body  describes 
a  carve.  Suppose  the  direction  of  projection  to  be  horizontal ;  in  order  to  find  the  position  of 
the  body  at  anv  time,  we  must  apply  the  second  law  of  motion.  Now,  the  force  of  gravity  wiU 
draw  it  as  far  nrom  the  horizontal  lino  of  projection  in  a  given  time  when  it  starts  with  a  cer- 
tain velocity,  as  when  it  starts  from  rest.  If,  therefore,  we  mark  off  on  a  horizontal  line  the 
positions  which  the  body  would  occupy  at  successive  intervals  of  time  if  gravity  did  not  act 
upon  it,  and  from  each  of  these  points  draw  a  vertical  line  equal  to  the  space  through  which  a 
body  would  fall  freely  up  to  the  instant  marked  by  the  points,  and  join  the  extremities  of  all 
the  lines  thus  drawn,  we  obtain  the  path  of  the  projectile.  This  construction  is  precisely  that 
required  to  draw  the  curve  called  in  geometiy  a  parabola.  Hence,  if  the  resistance  of  &e  air 
be  not  taken  into  account^  the  path  of  a  projectile  is  a  parabola.    (See  Xaioi  of  Motion.) 

To  determine  the  greatest  height  to  which  a  projectile  will  rise,  the  velocity  at  starting  is 
resolved  into  two  components,  one  vertical,  the  other  horizontal,  and  the  greatest  height  is 
found  by  dividing  the  square  of  the  vertical  velocity  by  twice  the  acceleration  of  gravity.  The 
range  on  a  horizontal  plane  is  found  by  dividing  twice  the  product  of  the  vertical  and  horizon- 
tal velocities  by  the  acceleration  of  gravity,  'fhe  range  of  a  projectile  will  be  greatest  when 
the  angle  of  projection  is  45*. 

In  this  theoiv  the  resistance  of  the  air  has  not  been  taken  into  account,  and  this  resistance 
affects  the  motion  so  materially  as  to  render  the  parabolic  theory  nearly  useless  in  practice. 
The  path  inclines  to  the  earth  more  rapidly  than  is  the  case  with  a  parabola^  hence  the  range 
is  much  less.  For  example,  when  the  velocity  is  about  2000  feet,  the  resistance  of  the  air  is 
100  times  the  weight  of  the  ball,  and  the  greatest  range,  which,  according  to  theory,  should  be 
23  miles,  is  less  than  I  mile.    (See  Gunnery,) 

PROGRESSIVE  VIBRATIONS.    See  Permanent  Vibratums,  and  Waves. 

PROMINENCES,  COLOURED.  In  total  eclipses  of  the  sun,  strange  projections,  tinted 
of  a  delicate  rose-red,  make  their  appearance.  Some  of  them  extend  as  far  as  80,000  miles 
from  the  surface  of  the  sun.    During  the  t6tal  edij^  of  August  1869,  it  was  discovert  that 


PBO  448  PRO 

these  objects  connst  of  glowing  gu,  principally  hydrogen.  JaaBien,  one  of  the  obeervers  of 
that  ecUpee,  discovered,  only  one  day  after,  that  the  spectra  of  objects  conld  be  seen  ^vrhen  the 
con  is  not  eclipsed.  Two  months  later,  Mr.  Lockyer  independently  made  the  same  disooveiy.  It 
is  even  possible  that,  independently  of  the  eclipse  observations  of  1868,  Mr.  Lodcyer  migbt  have 
saoceeded  in  discoveiing  the  prominence  spectra,  as  he  had  suggested  the  possibility  of  their 
being  seen  without  an  eclipse.  Dr.  Huggins  soon  after  made  a  more  interesting  and  imposlaiEt 
diacoverv,  showing  that  the  prominences  themselves  (and  not  their  bright  lines  only)  can  be 
rendered  visible  with  the  spectroscope  (having  an  open  slit). 

PROOF  PLANE.  (French,  Plan  d^/preuvt.)  An  instrument  invented  and  used  by  Coolomh 
in  his  experimental  researches  on  the  distribution  of  electricity.  It  consists  of  a  very  small  dise 
(a  quarter  or  half-an-inch  in  diameter)  of  thin  metal  or  gilt  paper,  to  one  side  of  whicli  is 
attached,  perpendicular  to  its  plane,  a  fine  stem  or  handle  of  gla^  or  shell-lac  To  make  use  of 
the  proof  plane,  it  is  held  by  uie  insulating  handle  and  applied  to  the  surface  to  be  tested,  and 
when  it  is  completely  in  contact  with  the  surface  it  forms,  as  it  were,  a  part  of  it,  and  the 
electricity  spreaids  over  it.  When  it  is  carried  away  to  the  torsion  balance  or  other  testix^ 
instrument,  it  carries  away  its  electricity  with  it. 

Coulomb  in  his  sixth  memoir  on  electricity  {Hittoire  de  VAeadAnief  1788),  gives  the  theory  of 
the  proof  plane,  in  which  he  shows  that  the  small  conducting  disc  carries  away  with  it  as  mocii 
electricity  as  lies  on  an  element  of  the  surface  to  which  it  is  applied  equal  in  area  to  the  snpetfi- 
dal  area  of  the  disc.  It  is  to  be  remarked,  however,  that  the  actual  quantity  carried  away  is 
only  one-half  of  this ;  in  fact  it  is  the  quantity  which  lies  on  one  of  the  faces  of  the  diso  when 
it  is  placed  in  contact  with  the  conducting  surface. 

PROPAGATION  OF  SOUND.    The  simplest  instance  of  the  formation  of  a  sound  Is  the 
sudden  expansion  of  a  little  spherical  mass  of  solid  matter  in  the  midst  of  a  mass  of  air  at  rest. 
The  air  will  be  thrust  away  from  the  centre  by  the  expanding  surface,  and  driven  into  the  space 
occupied  by  the  neighbouring  air,  before  the  latter  can  be  set  in  motion.     There  will,  therefore, 
be  a  condensation  of  the  air  around  the  spherical  surface.    But  this  state  cannot  be  permanent. 
The  spherical  shell  of  compressed  air  which  clothes  the  solid  exerts  its  increased  elastic  force  or 
tension  upon  the  neighbouring  particles,  forcing  them  together  also  into  a  shell  of  compression. 
But,  in  doing  this,  the  momentum  acquired  by  the  particles  of  the  first  compressed  shell  causes 
them  to  separate  farther  than  they  were  originally ;  so  that,  immediately  l^hind  (towards  the 
centre)  of  the  second  compressed  shell  of  air  there  is  a  shell  of  rarefied  air  clothing  the  solid. 
The  second  shell  of  compressed  air  exerts  its  elastic  force  to  compress  the  air  in  both  directions;, 
rarefying  itself  by  its  ttiomentum,  and  so  on.     It  follows  that  the  effect  will  be  the  propagation 
of  one  chief  shell  of  compression  followed  by  a  chief  wave  of  rarefaction  of  much  less  intensity, 
concentric  with  one  another  and  with  the  solid  sphere.    These  will  be  followed  by  very  mudi 
more  feeble  similar  conditions  of  compression  and  rarefaction,  due  to  the  air's  momentum.    It 
is,  in  fact,  only  when  such  original  expansion  is  extremely  sudden  and  violent,  as  when  a  mass 
of  fulminating  powder  explodes,  that  we  hear  more  than  a  single  sound.    And  we  may  gene- 
rally  consider  the  state  of  the  air  brought  about  by  a  single  expansion  of  a  solid  body  in  it,  as 
consisting  of  an  ever^xpanding  shell  of  the  condition  of  compression. 

If  the  solid  body,  after  expansion,  immediately  commences  to  contract,  and  contracts  to  the 
same  extent  as  it  expanded,  there  will  be  formed  arotmd  it  an  envelope  of  rarefaction,  and,  as 
in  the  case  of  the  envelope  of  compression,  this  state  will  travel  as  an  expanding  shell  of  rare- 
faction immediately  following  the  state  of  compression.  If  now  the  solid  sphere  expands  and 
contracts  at  regular  intervals  and  continually,  a  series  of  spherical  shells  of  compression  will  fol- 
low one  another  at  regular  distances  apart,  and  alternating  with  these  will  be  spherical  shells  of 
rarefaction  also  at  regular  intervals.  So  that  if  we  take  a  plane  elastic  membrane  at  any  dis- 
tance from  the  original  sphere;  and  parallel  to  the  nearest  tangent  plane  of  the  sphere,  we  shall 
find  this  membrane  to  be  subjected  to  a  series  of  alternate  pushings  and  pullings,  taking  place 
as  it  is  subjected  in  succession  to  the  alternate  conditions  of  the  travelling  regions  of  compres- 
sion and  rarefaction,  it  will  vibrate  ''synchronously"  with  the  expanding  and  contracting 
sphere.     And  so  a  succession  of  sounds  are  propagated  through  the  air. 

That  some  elastic  medium  is  necessary  for  the  propagation  of  sound,  that  is,  some  medium 
which  recovers  from  a  state  of  abnormal  compression  and  communicates  its  condition  to  the 
neighbouring  portions,  is  shown  by  supporting  an  alarum  clock  by  means  of  non-elastic  threads 
under  the  receiver  of  an  air-pump  and  withdrawing  all  the  air.  (See  Air-pump, )  The  bell 
which  is  struck  has  now  no  medium  in  which  to  establish  vibrations,  and  consequently  no  sound 
is  heard.  On  admitting  air,  the  shells  of  expansion  and  contraction  are  established,  and  are 
communicated  to  the  glass  of  the  receiver ;  they  are  transmitted  through  this  to  the  surround- 
ing air. 

PROPER  MOTIONS  OF  THE  STAP^    Although  the  stan  seem  to  maintain  year  after 
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year  and  oentmy  after  century  the  same  relative  positions,  there  are  in  reality  minute  apparent 
changes  of  position  which  correspond  to  enormously  rapid  real  motions.    We  owe  to  Halley  the 
first  recognition  of  this  important  fact.      He  noticed  that  the  three  bright  stars,  Sirius, 
Aldebaran,  and  Arctnros,  had  not  the  same  positions  on  the  heavens  that  Ptolemy  assigned  to 
them  (following  observations  made  by  Hipparchus,  130  years  B.O.).    The  change  of  place  in  the 
interval  was  considerable,  the  change  in  latitude  alone  being  in  each  case  greater  than  the 
moon's  apparent  diameter.    Sir  John  Herschel  remarks  on  this^  that  "dpriorif  it  might  be 
expected  that  apparent  motions  of  some  kind  or  other  should  be  detected  among  so  great  a 
multitude  of  individuals  scattered  through  space  sad  with  nothing  to  keep  them  fixed.    Their 
mutual  attractions  even,  however  inconceivably  enfeebled  by  distance,  and  counteracted  by  oppos- 
ing attractions  from  opposito  quarters,  must  in  the  lapse  of  ages  produce  some  movement — some 
change  of  internal  arrangement,  resulting  from  the  difference  of  the  opposing  actions."    Such 
motions  have  been  placed  beyond  a  doubt  by  the  comparison  of  the  observations  made  in  recent 
times  with  those  made  many  years  ago.    In  many  instances  the  difference  in  the  observed  place 
of  a  star  is  so  small,  even  after  a  long  interval,  that  no  reliance  can  be  placed  upon  the  resulting 
apparent  proper  motion.    And  where  the  interval  is  not  sufficiently  long,  there  can  be  no  doubt 
that  minute  errors  of  observation  have  sufficed  to  give  an  appearance  of  motion  where  there  has 
been  in  reality  no  change  of  place.    Indeed,  no  surer  test  can  be  applied  to  the  correctness  of  a 
new  star  catalogue  than  the  examination  of  its  adequacy  to  diminish  the  proper  motions 
calculated  from  preceding  catalogues.    Still  there  can  be  no  doubt  whatever  that  in  a  large 
number  of  instances  proper  motions  really  exist.    Perhaps  the  most  satisfactory  tables  of  proper 
motions  yet  formed  are  those  contained  in  the  Boyal  Astronomical  Society's  Memoirs,  vols.  xix. 
and  xxviii.    They  have  been  prepared  by  the  Kev.  Robert  Main,  by  comparing  the  Greenwich 
Btar^atalogues  with  Bradley's  observations  recorded  in  Bessel's  Fundamenta  AslroTiomia.    Mr. 
Stone  has  added  a  list  of  460  stars  from  the  same  sources,  which  appears  in  the  33d  volume  of 
the  Memoirs  of  the  Boyal  Astronomical  Society. 

The  present  writer  has  exhibited  reasons  for  believing  that  in  the  observed  proper  motions  of 
the  stars  we  have  a  powerful  means  of  attacking  many  problems  of  great  interest  and  import- 
ance in  sidereal  astronomy.  In  the  29th  volume  of  the  Notices  of  the  Astronomical  Society  he 
has  called  attention  to  some  results  which  seem  to  have  an  important  bearing  on  our  ideas 
respecting  the  distribution  of  the  stars.  Although  in  any  individual  instance  the  amount  of  a 
star's  apparent  proper  motion  cannot  be  supposed  to  indicate  the  relative  rate  at  which  that  star 
is  traversing  space,  and  cannot  therefore  be  taken  as  a  means  of  estimating  the  star's  distance, 
yet  there  can  be  no  doubt  that  in  taking  the  average  proper  motion  of  a  set  of  stars,  (say  all  the 
stars  in  a  particular  constellation,  or  all  the  stars  of  a  given  magnitude),  we  obtain  a  fair  means 
of  estimating  the  average  distance  of  that  set  of  stars.  For  on  the  average,  and  neglecting 
individual  exceptions,  Uie  more  distant  stars  will  exhibit  proportionately  small  apparent 
proper  motions.  If  we  wish  to  apply  this  method  satisfactorily  we  must  be  careful  to  include  a 
Bufficiently  large  number  of  stars.  When  this  is  done  the  results  may  be  accepted  with  some 
confidence.  We  may,  for  example,  apply  this  method  to  determine  whether  the  usual  estimate 
of  the  distances  of  the  fainter  orders  of  lucid  stars  is  correct.  The  writer  has  made  this  calcula- 
tion, dividing  the  stars  into  two  sets,  the  first  including  stars  of  the  first  three  magnitudes,  the 
second  those  of  the  next  three,  and  taking  the  average  for  each  set  (the  square  root  of  the  mean 
of  the  sum  of  squares)  the  strange  result  is  obtained,  that  the  average  amount  of  proper  motion 
for  the  three  brighter  orders  is  not  greater  than  (and  barely  equals)  the  average  for  the  three 
fainter  orders  of  the  lucid  stars.  There  seems  no  way  of  avoiding  the  conclasion  that  by  far  the 
larger  number  of  the  fainter  stars  owe  their  f aintness,  not  to  vastness  of  distance,  but  to  real 
relative  minuteness. 

It  had  been  already  noticed  by  Mr.  Dunkin  that  when  the  effects  of  the  sun's  assumed 
motion  are  deducted  from  the  apparent  motions  of  the  stars,  on  the  assumption  that  the  various 
orders  of  lucid  stars  lie  at  the  distances  assigned  them  by  accepted  theories,  instead  of  an 
important  diminution  of  the  sum  of  squares,  only  a  minute  fraction  of  that  sum  is  removed. 
(See  Proper  Motion  of  the  Sun.)  Thus  the  sum  of  the  squares  of  motions  in  B.  A.  uncorrected 
for  the  proper  motion  of  the  sun  is,  for  the  1 167  stars  considered  in  the  inquiry  by  Airy  and 
Dunkin,  7S7583,  while  the  corrected  sum  is  75*5831 ;  in  like  manner,  the  uncorrected  sum  for 
motions  in  N.  P.  D.  is  63*2668,  the  corrected  sum  being  60*9084.  Commenting  on  this.  Sir 
John  Herschel  remarks,  **  No  one  need  be  surprised  at  this.  If  the  sun  move  in  space,  why  not 
also  the  stars  ?  and  if  so,  it  would  be  manifestly  absurd  to  expect  that  anv  movement  could  be 
assigned  to  the  san  by  any  system  of  calculation  which  would  account  for  more  than  a  very 
■maSl  portion  of  the  totality  of  the  observed  displacements.  But  what  is  indeed  astonishing  in 
the  whole  affair,  is,  that  among  all  this  chaotic  heap  of  miscellaneous  movement^  among  all  this 
drift  of  oosmical  atoms,  of  the  laws  of  whose  motions  we  know  absolutely  notldng,  it  should  be 
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possible  to  place  the  finger  on  one  small  portion  of  the  sum  total,  to  all  appearance  indistxn- 
guishably  mixed  up  with  the  rest,  and  to  declare  with  full  assurance  that  this  particular  portion 
of  the  whole  is  due  to  the  proper  motion  of  our  own  system."  There  is,  however,  a  flaw  in  the 
reasoning  here,  though  the  conclusion  is  not  the  less  just.  Sir  John  Herschel  has  omitted  to 
notice  tlutt  the  mere  number  of  the  stars  dealt  with  in  solving  the  problem  of  the  sun's  motion 
can  have  no  effect  in  dimimshing  the  relative  amount  of  the  correction.  For  tiie  sun's  proper 
motion  affects  the  apparent  motion  of  every  one  of  the  stars  so  dealt  with,  so  that  the  correction 
should  grow  pari  passu  with  the  number  of  stars  dealt  with.  In  fact,  it  is  demonstrable — as 
the  present  writer  has  shown — ^that,  let  the  number  of  stars  be  what  it  may,  the  value  of  the 
correction  should  be  equal  to  half  the  uncorrected  sum,  if  only  the  stellar  motions  be  not  on 
the  average  greater  than  the  sun's,  and  if,  further,  the  estimate  of  the  distances  of  the  several 
orders  of  stars  be  correct.  The  larger  the  number  of  stars  the  more  nearly  (by  a  well-known  law  of 
probability)  should  the  correction  approach  this  theoretical  value.  The  fact  that  the  correction 
falls  so  far  short  of  this  estimate  proves  that  either  the  sun's  proper  motion  falls  short  of  the 
average  proper  motions  of  the  stars,  or  that  the  distances  of  the  larger  number  of  the  stars  dealt 
with  (that  is,  the  distances  of  stars  of  the  lower  orders  of  magnitude)  have  been  overestimated. 
Mr.  Stone  has  shown  reasons  for  believing  that  the  sun's  proper  motion  may  be  held  to  be 
about  three-fourtha  of  the  average  proper  motions  of  the  stars.  And  since  this  result  would 
only  account  for  a  small  proportion  of  the  discrepancy,  it  may  be  accepted  as  certain  that  the  stars 
of  the  lower  orrlers  of  apparent  magnitude  are  not  for  the  most  part  so  far  off  as  has  been  sup- 
posed  ;  in  other  words,  that  they  are  for  the  most  part  really  smaller  than  the  brighter  orh& 
We  have  seen  that  this  result  is  pointed  tc,  also,  when  the  proper  motions  are  considered  in  * 
different  way« 

The  present  writer  has  also  detected  the  existence  of  a  eonmmnity  of  motion  among  the  stars 
in  certain  parts  of  the  heavens,  a  phenomenon  which  he  denominates  "  star-drift."  If  it  should 
be  established  by  corroborative  evidence  that  this  community  of  apparent  motion  implies  a  real 
community  of  motion  in  the  stars  forming  particular  groups,  it  wiU  become  possible  to  estimate 
the  relative  distances  of  such  stars  by  comparing  their  relative  apparent  motions.  The  problem 
would  be,  in  fact,  merely  one  of  perspective.  If,  further,  the  absolute  distance  of  the  nearest 
star  of  the  system  could  be  determined,  the  absolute  distances  of  all  the  known  stars  of  the 
system  could  thus  be  determinable. 

It  is  possible  that  before  long  spectroscopic  analysis,  already  saeoessfully  applied  by  Mr. 
Huggins  to  determine  the  "proper  motion  of  recess"  of  Uie  bright  star  Sirius,  will  in  the  some 
able  hands  give  information  respecting  the  proper  motions  of  recess  or  approach  of  many  of  the 
lucid  stars.  This  would  at  -once  enable  a  crucial  test  to  be  applied  to  the  theory  oif  "  star- 
drift." 

PROPER  MOTION  OF  THE  SUN.  Since  the  stars  are  observed  to  be  slowfy  changing 
their  position  on  the  celestial  sphere,  it  will  be  regarded  as  highly  probable,  on  d prion  considera- 
tions, that  the  sun  is  also  in  motion.  For  the  sun  is  a  member  of  the  sidereal  system,  and  we 
con  conceive  no  reason  why  he  alone  should  be  exempt  from  the  law  to  which  all  his  fellows 
are  subject.  Now  if  all  the  stars  were  at  rest  and  the  sun  alone  in  motion,  every  star  would 
seem  to  move  towards  the  point  in  space  from  which  the  sim  is  moving.  The  apparent  motions 
of  stars  near  that  point  and  the  point  directly  opposite  to  it  would  be  minute,  while  the  stars 
on  a  great  circle  of  the  sphere  having  these  points  as  poles  would  seem  to  move  more  quickly 
than  the  rest  {cceteris  paribus,  that  is,  leaving  differences  of  distance  out  of  consideration).  But 
as  it  is  utterly  improbable  that  the  sun  alone  of  all  the  members  of  the  sidereal  system  is  in 
motion  ;  and  as,  indeed,  the  character  of  the  stellar  motions  suffices  to  prove  that  no  motion  we 
can  assign  to  the  sun  will  possibly  account  for  all  or  even  for  a  large  part  of  them,  it  foUows 
that  all  we  can  hope  to  recognise  as  a  sign  of  the  sun's  motion  is  a  general  preponderance 
of  stellar  motion  in  one  direction.  The  problem,  though  difficult,  has  been  attacked  suo 
cessfuUy  by  astronomers.  Sir  Wm.  Herschel  in  1 783,  by  considering  the  apparent  motions  of 
the  few  stars  which  had  been  sufficiently  observed  in  his  day,  arrived  at  the  conclusion  that 
the  solar  system  is  travelling  towards  the  neighbourhood  of  the  star  X  in  the  constellation 
Hercules.  Prevost  in  the  same  year  arrived  at  a  similar  conclusion,  but  his  researches  led  to  a 
point  some  27**  in  right  ascension  from  that  determined  by  Sir  Wm.  HerscheL  Since  then  the 
subject  has  been  studied  very  carefully  by  many  eminent  astronomers,  by  Argelander,  Luhn- 
dahl,  O.  Struve,  Miidler,  and,  finally,  by  Airy  and  Dunkin  of  the  Greenwich  Observatory.  The 
methods  adopted  have  been  various.  Sir  Wm.  Herschel  had  simply  carried  great  circles  of  the 
sphere  through  the  stars  he  selected,  and  in  the  direction  of  their  proper  motion,  and  he  deter- 
mined the  apex  of  the  solar  motion  by  the  approach  of  all  these  circles  to  a  common  point  of 
Intersection.  Some  astronomers,  in  applying  calculations  to  the  problem,  have  classed  the 
distances  of  the  stars  according  to  their  magnitudes,  while  others  have  considered  the  magni- 
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tade  of  the  stellar  motions  as  the  most  satisfactory  proof  of  relative  nearness.  The  plan  de 
vised  by  Mr.  Airy  and  carried  out  at  his  suggestion  by  Mr.  Donkin,  consists  in  assigning  to 
the  Sim  such  a  direction  and  amount  of  motion  in  space  as  will  account  for  the  greatest  possible 
proportion  of  the  stellar  proper  motions.  This  plan  has  been  carried  out  according  to  two  dis- 
tinct hypotheses  respecting  the  proportion  of  apparent  motion  which  may  be  due  to  errors  of 
observation.  The  results  obtained  on  these  hypotheses  are  in  tolerably  close  accordance  consider- 
ing the  nature  of  the  problem.  According  to  one,  the  apex  of  the  solar  motion  lies  in  B..A. 
261"*  14',  and  N.P.D.  57**  51',  the  sun's  motion  being  such  in  amount  that,  viewed  from  a  dis- 
tance equal  to  that  assigned  to  stars  of  the  first  magnitude  he  could  traverse  0*3346"  annually ; 
according  to  the  other,  his  annual  motion,  so  viewed,  would  be  0*4103",  and  directed  towards  a 
point  lying  in  R.A.  263°  44',  and  in  N.P.D.  65'  o'.  It  may  be  added  that  Mr.  Galloway,  by 
considering  the  motions  of  southern  stars,  has  arrived  at  a  result  closely  according  with  that 
deduced  from  the  motions  of  northern  stars. 

A  general  notion  of  the  character  of  the  motion  of  the  sun  in  space  may  be  obtained  by 
considering  it  as  taking  place  in  a  direction  inclined  about  60°  to  the  plane  of  the  ecliptic,  and 
with  a  velocity  such  that  the  sun  traverses  in  a  year  a  space  equal  to  about  {ths  of  the  diameter 
of  the  earth's  orbit. 

PRUSSIAN  BLUE.  A  valuable  pigment  prepared  by  adding  a  solution  of  ferro-cyanide 
of  potassium  to  excess  of  a  per^salt  of  iron ;  it  is  an  insoluble  dark  blue  precipitate  which  has  a 
coppery  lustre  when  in  lumps.  On  the  large  scale,  it  is  frequently  prepared  by  processes  which 
yield  an  impure  product  of  an  inferior  colour.  Its  composition  is  that  of  a  hydrtUed  per-ferro- 
cyanide  of  iron  {VeAYe  Oyg),.  18BLO). 

PTOLEMAIC  SYSTEM.  The-  system  of  astronomy  by  which  Ptolemy  endeavoured  to 
account  for  the  celestial  motions,  on  the  hypothesis  that  the  earth  is  the  fixed  centre  of  the 
universe.  Accounting  for  the  diurnal  motion  of  the  celestial  bodies  by  the  rotation  of  a  vast 
sphere — the  jpn'mum  mobUe — carrying  all  these  objects  with  it,  and  for  the  annual  motion  of  the 
■un  and  the  monthly  motion  of  the  moon,  by  assuming  these  bodies  to  travel  in  eccentric  circles 
around  the  earth,  Ptolemy  had  to  explain  farther  the  looped  paths  of  the  planets,  their  progree- 
sions,  stations,  and  retrogradations.  To  effect  this,  he  supposed  that  each  planet  moved  in  a 
circular  path  tormed  its  epieyde^  around  %  fixed  point,  and  that  this  point  itself  travelled  in  an 
eccentric  (circle)  around  ^e  sun,  all  motions  in  each  order  of  circle  being  described  uniformly. 

As  observational  astronomy  advanced,  new  contrivances  had  to  be  introduced,  until  at  length 
the  Ptolemaic  system  became  very  cumbrous.  It  need  hardly  be  said  that  no  amount  of  cyclic 
or  epicydic  combinations  could  account  for  the  motions  of  the  planets  as  at  present  known. 

PTY  ALIN.  The  active  principle  of  saliva,  a  nitrogeneous  substance  whicJi  converts  insoluble 
starch  into  glucose.    (See  Animal  Nutrition.) 

PULLEY.  One  of  the  simple  machines.  It  consists  of  a  circular  disc  of  metal  or  wood 
capable  of  turning  about  an  axis  passing  through  its  centre.  Usui^  a  groove  is  cut  in  the 
disc  to  keep  a  coni,  which  passes  over  the  pulley,  from  slipping  off.  The  pulley  may  be  consi- 
dered  as  a  lever  with  equal  arms,  so  that  Uie  forces  at  the  *extremities  of  the  cord,  which  passes 
over  the  pulley,  must  be  equal  in  order  that  there  may  be  equilibrium.  A  pulley,  the  axis  of 
which  is  fixed  in  space,  is  termed  tb  fixed  pulley,  and  serves  the  purpose  only  of  changing  the 
direction  of  the  power.  If  the  axis  be  moveable,  the  pulley  is  termed  a  moveable  pulley.  By 
combining  several  moveable  pulleys  a  mechanical  advantage  may  be  obtained  depending  on  the 
number  of  pulleys  and  the  mode  of  combination.  The  mechanical  advantage  of  any  arrange- 
ment of  pulleys  may  be  readily  determined  by  the  principle  of  virtual  velocities.  When  several 
moveable  pulleys  are  placed  in  the  same  block  or  sheave  so  that  the  same  cord  passes  round  all, 
and  the  parte  of  the  cord  are  parallel,  the  power  may  be  found  by  dividing  the  weight  by  the 
number  of  parte  of  the  string  which  reach  the  lower  block.  Suppose,  for  example,  there  is  one 
moveable  pulley,  then  there  will  be  two  parte  to  the  cord  supporting  it,  so  that  if  the  weight  be 
raised  one  foot,  both  parte  will  be  shortened  by  a  foot,  and  consequently  the  power  must 
descend  through  two  feet,  or  if  the  weight  bo  raised  by  hand,  two  feet  of  cord  must  pass  through 
the  hand.  The  power  is,  therefore,  hdlf  the  weight.  By  a  similar  method  it  may  be  generally 
estebliihed  that  when  there  is  equilibrium  the  power  is  to  the  weight  as  i  is  to  twice  the  number 
of  pulleys.  A  much  greater  mechanical  advantage  would  be  obtained  by  using  a  system  in 
wmch  the  pulleys  are  separate  and  have  separate  strings,  each  string  being  attached  by  one 
extremity  to  the  supporting  beam,  passing  round  one  moveable  pulley,  and  having  the  other 
extremity  fixed  to  the  pulley  immediately  above  it.  The  power  is  applied  to  the  cord  which 
passes  round  the  upper  pulley.  Another  arrangement  consiste  of  separate  pulleys  suspended 
by  separate  strings,  one  extremity  of  each  string  being  attached  to  the  weight,  but  both  this 
and  the  preceding  combination  are  of  little  practical  use.  In  the  common  arrangemente  all  the 
moveable  pulleys  are  in  one  block.    The  most  powerful  combination  u  8meaUin*%  tackle,  in  which 
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each  block  oontaina  two  rows  of  five  wheeli  each,  and  one  strixig  paaeee  round  all,  comiueiMaiig 
with  the  centre  one  of  the  lower  block,  and  finiahing  with  the  middle  wheel  of  the  upper. 

PUMPS^    See  Stidion  Pump ;  Forcing  Pump, 

PUNA  WINDS.  Cold  and  remarkably  dry  winds  which  blow  from  the  CkwdiUeraa  acvoaa 
the  table  land  called  Puna,  to  the  east  of  Arequipa  in  Peru. 

PUPIL.  (PupiUa.)  The  central,  intensely  black  portion  of  the  human  eye.  It  is  am- 
ply a  circular  aperture  in  the  iris,  through  which  the  black  interior  of  the  eye  is  visible. 
(See  Eye,) 

PUTREFACTION.  {Putridus,  rotten ;  and/odb,  to  make.)  The  decomposition  of  mtco> 
genous  animal  and  vegetable  substances  under  the  influence  of  atmospheric  oxygen  and  a  soit- 
able  temperature.  Putrefaction  is  supposed  to  be  induced  by  the  presence  of  minute  germs 
floating  in  the  atmosphere.  Professor  Huxley,  President  of  the  British  Association,  in  his 
opening  address  at  Liverpool  in  September  1870,  entered  into  full  details  respecting  this  obscnre 
action  of  atmospheric  germs.  Dr.  Angus  Smith  and  Professor  Tyndall  have  siso  paUiahed 
much  on  this  subject. 

PYRHELIOMETER.  (rvp,  fire  ;  i^tot,  the  sun ;  firrpiv,  to  measure.)  An  instrument 
devised  by  M.  Pouillet  for  measuring  the  intensity  of  tiie  heat  of  the  sun.  It  consists  of  a 
shallow  circular  vessel  of  silver  containing  water  or  mercury  in  which  a  thermometer  is  plunged. 
The  upper  surface  of  the  vessel  is  covered  with  lamp-black,  so  as  to  render  it  a  good  absorber  of 
heat,  and  the  thermometer  enters  its  under  surface,  and  thus  extends  below  it.  An  anango- 
ment  is  made  for  causing  the  rays  of  the  sun  to  fall  perpendiculariy  upon  the  surface  of  the 
vessel.  An  observation  with  this  instrument  is  made  in  the  following  manner :— When  the 
water  in  which  the  thermometer  is  plunged  possesses  the  exact  temperature  of  the  surrounding 
atmosphere,  the  instrument  is  placed  in  the  shade  and  allowed  to  radiate  its  heat  against  a 
clear  sky  for  five  minutes.  The  loss  of  heat  is  noted,  and  we  may  call  this  r.  The  blackened 
surface  is  now  exposed  to  the  full  rays  of  the  sun  for  five  minutes,  and  the  rise  of  temperatore 
of  the  water,  as  shown  by  the  immersed  thermometer,  is  noted ;  we  will  call  this  K.  The 
instrument  is  finally  again  placed  in  the  shade,  and  allowed  to  radiate  its  heat  into  a  clear  sky 
for  five  minutes ;  tnis  loss  may  be  called  /.  It  is  not  sufficient  to  simply  expose  the  pyrhelio- 
meter  to  the  sun  and  then  note  the  rise  of  temperature,  because  the  instrument  is  radiating 
heat  into  space  during  its  exposure  to  the  direct  rays  of  the  sun,  and  a  portion  of  the  heat  re- 
ceived from  the  sun  is  thus  wasted.  Hence  the  total  heating  effedt  is  obtained  by  adding  the 
amount  thus  lost  to  the  amount  directly  acquired  from  the  sun.  As  r  represents  the  heat  lost 
by  radiation  by  the  instrument  before  exposure  to  the  sun,  and  r'  the  amount  lost  after  expo- 
sure, the  amount  lost  during  exposure  may  be  considered  the  mean  of  the  two,  or  ^  ^  9  and 
the  entire  heating  effect  of  the  sun  H  will  therefore  be  represented  by 

The  actual  amount  of  heat  absorbed  by  the  instrument  is  calculated  by  ordinary  calori- 
metrical  means  ;  the  area  of  the  exposed  blackened  surface  is  known,  and  the  amount  of  water 
which  has  been  raised  through  a  certain  number  of  thermometric  degrees  is  Iqiown,  and  thus 
the  absolute  heating  effect  of  the  sun,  acting  upon  a  given  area  under  the  conditions  of  the  ex- 
periment can  be  readily  found.  Pouillet  used  about  1500  grains  weight  of  water  for  his  experi- 
ments. His  results  have  been  described  elsewhere.  (See  Ifeat,  Sources  of;  Solar  Heat,) 
Experiments  on  the  same  subject  were  made  by  De  Saussure,  Sir  John  Herschel,  and  Pro- 
fessor Forbes.  The  first  instrument  for  the  purpoae  was  devised  by  De  Saussure,  and  in  1825 
Herschel  invented  his  ActinomeUr,  which  see. 

PYRITES.  A  name  used  in  mineralogy  to  denote  several  metallic  sulphides.  Thus  there 
are  copper  pyrUet  (C^S.FefSg),  iron  pyritei  (FeS^),  magnetic  pyrites  (FejS^)y  tin  pyrites 
(Cu,S.(SnS3Fej|S3)),  arsenical  pyrites^  or  mispickel  (FeAsSs.FeS^,  variegated  pyrites  (FeS.2Cx2S.). 

PYRITES,  IRON.     See  Iron,  Sulphides. 

PYRO-ELECTRICITY.  A  name  given  to  electricity  produced  by  heating  or  cooling 
certain  crystals.  The  subject,  though  it  has  attracted  much  attention,  still  remains  very 
obscure.  The  phenomenon  is  this  : — Certain  crystals,  among  which  are  tourmaline,  boracit^ 
topaz,  aximite,  prehnite,  &c.,  on  being  heated  exhibit  electric  excitement.  Thus  a  crystal  of 
tourmaline  becomes  positively  electrified  at  one  extremity  and  negatively  at  the  other.  In 
boradte  some  of  the  faces  are  electrified  positively,  and  some  negatively.  If  a  tourmaline  thus 
electrified  be  kept  hot  it  soon  loses  this  electric  polarity  and  resumes  its  natural  condition  ;  and 
if  it  then  be  allowed  to  cool,  that  end  which  formerly  was  positive  becomes  negative,  and  vice 
versa.  The  conditions  under  which  electric  excitement  of  this  kind  takes  place  have  been"  in- 
vestigated by  ^pinus^  Canton^  and  Hatiy. 
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PTBOGALLIC  ACID.  A  product  of  the  action  of  heat  on  gallic  add.  It  ciystallises  in 
long  white  needles,  very  soluble  in  water,  and  having  the  composition  C^H^Og.  It  acts  as  a 
powerful  reducing  agent,  and  is  much  used  in  photography. 

PYROLIGNITE  OF  IRON.    &eeAcetaU$;  Acetate  of  Iran. 

PYROLIGNEOUS  ACID.    See  Acetic  Acid. 

PYROLUSITE.    See  Manganese  Oxide, 

PYROMETER.  (irQp,  fire ;  fxerpiu,  to  measure.)  The  mercurial  thermometer  is  neces- 
sarily limited  in  its  indications  to  the  temperature  at  which  mercury  boils  (350**  C,  or  662""  F.), 
because  at  that  temperature  the  vapour  of  mercury  would  be  formed,  and  its  pressure  would 
burst  the  thermometer.  Pyrometers  are  instruments  which  are  used  to  measure  high  tempersr 
tures,  and  although  several  forms  of  this  instrument  have  been  devised,  it  cannot  be  said  that 
any  one  possesses  accuracy.  The  most  accurate  determinations  of  high  temperatures  which 
have  yet  been  made  are  due  to  Regnault,  Deville  and  Troost,  and  Pouillet,  and  were  either 
made  by  means  of^,an  air  thermometer,  or  by  some  form  of  gas  thermometer  (or  pyro- 
meter), in  which  vapour  of  mercury  or  vapour  of  iodine  was  employed.  (See  Air  Thermometer.) 
By  means  of  an  air  pyrometer,  Pouillet  determined  the  following  temperatures,  which  corre- 
spond to  the  various  degrees  of  incandescence  which  a  metal  passes  through,  when  placed  in  a 
furnace: — 

Incipient  red  heaty 525*  C,  or   977*  F. 

Dull  red, 700  it  1292 

Cherry  rod, 900  ti  1652 

Dark  orange, 1 100  n  2012 

White, 1300  11  2552 

Daazling  white, 1500  n  2732 

Of  the  old  forms  of  pyrometer  the  prindpal  are  those  devised  by  Wedgwood,  Daniell,  and 
BroDsniart,  but  the  inaccuracy  of  these  instruments  has  quite  prevented  their  employment,  ex- 
cept for  the  indication  of  roughly  approximate  temperatures  in  the  arts,  as  in  glass  or  porcelain 
furnaces.  Wedgwood's  pyrometer  depends  on  the  fact  that  dry  clav  when  exposed  to 
high  temperatures  contracts  uniformly,  and,  by  measuring  this  contraction,  it  was  imagined 
that  the  heat  which  had  produced  it  mi^t  also  be  measured ;  the  instrument  was  found,  how- 
ever, to  be  altogether  untrustworthy.  This  pyrometer  was  invented  in  1782.  About  twenty 
years  later,  Guyton  de  Morveau  devised  a  pyrometer  in  which  the  temperature  was  measund 
by  the  expansion  of  plaftinum,  indicated  by  a  multiplying  index.  A  similar  instrument  was 
used  by  Brongniart  for  determining  the  temperature  of  the  furnaces  in  the  porcelain  manufac- 
tory at  Sevres.  He  employed  a  rod  of  iron  or  platinum  which  was  fixed  at  one  end,  while  the 
cither  pressed  against  aiever,  serving  as  an  index.  The  rod  was  enclosed  in  a  tube  of  porcelain. 
Ihrofessor  Daniell  also  used  a  bar  of  platinum,  and  enclosed  it  in  a  tube  of  plumbago.  Several 
fonns  of  electric  pyrometer  (based  on  the  formation  of  a  thermo-electric  current,  when  two  dis- 
similar metals  are  heated  at  their  juncture),  have  been  proposed  by  Pouillet  and  BecquereL 
The  latter  has  also  proposed  to  determine  high  temperatures  by  measuring  the  intensity  of  the 
light  emitted  by  the  heated  body ;  and  by  such  meaus  he  estimates  the  fusing  point  of  platinum 
at  1600"  C.  (79!2*  F.),  and  the  heat  of  the  voltaic  arc  at  2070''  C.  (3758"*  F.)  (See  also  Temr 
perature;  Air  Thermometer.) 

PYROXYLIN.    See  (?tt».Co«0Ji. 

Q 

QUADRANT.  [Quadrans,  a  fourth  part.)  An  instrument  formerly  much  used  in  astro- 
nomy, especially  for  determining  altitudes.  The  difficulty  of  constructing  a  true  quadrant,  and 
the  ukct  that  there  are  no  ready  means  for  correcting  the  indications  of  the  instrument  led  to 
the  introduction  of  circular  instruments,  now  constantly  employed  in  astronomy  in  those  cases 
where  formerly  the  quadrant  was  used. 

QUADRATURE.  {QuadratuSf  four-square.)  In  astronomy,  the  moon  or  a  planet  is  said  to 
be  in  quadrature  when  its  place  differs  90^  in  longitude  from  the  sun. 

QUALITATIVE  ANALYSIS.     See  Analysis,  Chemical 

QUALITY  OF  HEAT.  The  heat  emitted  from  different  sources  variea,  aa  is  proved  by 
Melloni's  experiments  on  absorption ;  for  he  found  that  the  same  substance  absorbed  different 
quantities  of  heat  according  as  the  source  of  heat  was  changed.  The  term  mtality  of  heat  sig- 
nifies any  variation  in  radiant  heat  which  causes  it  to  be  differently  absorbed  or  transmitted  by 
substances.  Thus,  accordiiig  to  Melloni,  fflass  ^th  of  an  inch  thick  transmits  39  per  cent,  of  the 
lays  emitted  by  a  Locatelli  lamp,  24  of  mon  emitted  by  an  incandesoent  spiiiJ  of  j^tinum,  6 
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of  those  emitted  by  copper  at  400°  C,  and  none  of  those  emitted  by  copper  at  100^  C.  It 
veiy  clear,  therefore,  that  the  quality  of  the  heat  emitted  by  these  different  sources  varies 
■iderably.  If  any  other  source  of  heat  could  be  found  of  such  a  nature  that  glass  ^th  of 
inch  thick  transmitted  6  per  cent,  of  the  total  emission,  then  the  quality  of  that  heat  wotdd  be 
precisely  the  same  as  that  emitted  by  copper  at  400"  0.  Quality  depends  upon  the  wave-length 
of  the  ether  conveying  the  motion  of  radiant  heat,  and  upon  its  period  of  vibration,  and  mode 
of  vibration—  that  is,  whether  or  no  it  be  polarised,  and  in  what  plane.  Heat  of  one  abeolnto 
quality  is  perhaps  most  readily  and  perfectly  obtained  by  enclosing  a  spiral  of  platinum  in  a 
Tacuous  chamber  with  rock-salt  windows,  and  raising  the  spiral  to  incandescence  by  means  of 
an  electric  current  of  known,  constant,  and  invariable  intensity. 

QUANTITATIVE  ANALYSIS.     See  Ancdytis,  Chemical. 

QUANTITY,  ELECTRIC.  Electric  quantity  is  measured  by  the  force  which  the  chaige 
upon  a  body  gives  rise  to.  "  When  the  force  between  two  bodies  at  a  constant  distance,  and 
separated  by  air,  is  seen  to  increase,  it  is  said  to  be  due  to  an  increase  in  the  quantity  of  elec- 
tricity, and  the  quantity  at  any  spot  is  defined  as  proportional  to  the  force  with  which  it  acts 
through  air  on  some  other  constant  quantity  at  a  distance."  Unit  of  quantity  is  that  quantity 
whicl^  when  placed  at  unit  of  distance  from  an  equal  quantity,  attracts  or  repels  it  with  unit  of 
force. 

QUARTZ.  The  name  given  to  crystallised  silica,  SiO^.  It  occurs  either  in  the  maadve 
form  when  it  is  milky  white,  or  tinged  with  iron  and  in  distinct  ciystals  ;  the  crystals  are  six* 
aided  prisms  with  pyramidal  summits  ;  cleavage  is  verv  imperfect,  and  twins  are  of  frequent 
occurrence.  Hardness  7 ;  specific  gravity  2*5  to  2*8 ;  lustre  vitreous ;  it  is  of  all  ooloura, 
from  perfectly  colourless  to  black,  passing  through  shades  of  yellow,  red,  brown,  green,  blue» 
and  black,  o^ing  to  the  presence  of  metsJlio  oxides.  When  colourless  and  transparent,  it  is 
usually  called  rock  crystal ;  when  purple  amethyst ;  when  rose-red,  or  pink,  rose  quartz  ;  when 
light  yellow,  false  topaz ;  when  of  a  brownish  smoky  tint,  smoky  quarU  or  cairngorm ;  when 
leek  green  and  opaque,  prase  ;  when  spangled  throughout  with  yellow  scales,  avcnturin  quartx. 
Other  varieties  are  known  as  chalcedony,  jasper,  siderite,  flinty  horn  stone,  opal,  ^tc  For  the 
chemical  properties  of  quartz,  see  Silica. 

QUICK  LIME.    See  Calcium,  Oxide  of, 

QUICKSILVER.    See  i/crc«ry. 

QUININE.  An  organic  alkaloid,  forming  the  most  important  active  principle  of  the  cin- 
chona bark.  It  usually  appears  as  a  white,  porous,  friable  mass,  permanent  in  the  air,  free 
from  odour,  and  exceedingly  bitter.  Its  composition  is  C^qH^NjO,.  It  is  almost  insoluble  in 
water,  but  more  soluble  in  alcohol  and  ether.  It  has  a  strong  alkaline  reaction  to  test  paper, 
and  neutralises  acids  forming  salts,  which  usually  crystallise  well.  Salts  of  quinine  are  of  two 
classes,  neutral  salts  and  acid  salts.  They  are  generally  soluble  in  water,  and  have  a  very 
bitter  taste,  and  frequently  exhibit  a  silky  lustre.  The  only  salts  of  importance  are  the  sul- 
phates ;  commercial  sulphate  of  quininet  improperly  called  basic  sulphate  of  quinine,  is  really 
the  neutral  salt,  its  formula  being  2CS0H24NJO2.H2SO4.  It  crystallises  in  long  flexible  needles, 
very  light  and  efilorescing  on  exposure  to  the  air.  The  anhydrous  salt  requires  about  8cx3  parts 
of  water  to  dissolve  it,  but  only  about  100  of  alcohol ;  the  addition  of  a  little  dilute  sulphuiio 
add  to  the  water  converts  this  salt  into  the  adid  sulphate,  which  only  requires  10  parts  of  water 
to  dissolve  it.  The  solution  of  sulphate  of  quinine  in  dilute  sulphuric  acid  is  strongly  fluorescent, 
exhibiting  a  beautiful  azure  blue  colour.  Sulphate  of  quinine  is  one  of  the  most  valuable 
medicines  we  possess,  and  is  manufactured  in  enormous  quantities  as  a  febrifuge.  (See  Ciik- 
choruL  Bark,  Alkaloids  from.) 

QUINIDINE.  A  base  which  has  the  same  composition  as  quinine,  and  occurs  associated 
with  it  in  some  cinchona  barks.  It  crystalliBes  in  large  transparent  prisms,  almost  insoluble  in 
water,  but  tolerably  so  in  alcohol.  It  neutralises  acids,  and  forms  salts  with  them,  which  much 
resemble  the  cor^ponding  quinine  salts,  but  czystallise  more  easily. 

R 

RACEMICACID.    See  TortoHc -iod 

RACK  AND  PINION.  (Rack,  from  Anglo-Saxon,  nxecaUy  to  reach,  extend ;  German, 
recken,  to  stretch ;  so  rack  is  a  bar  which  is  extended,  or  whose  teeth  are  pushed  forward. 
Pinion,  from  Norman  French,  pignon,  a  pen ;  Lat.,  pinna,  penna,  feather-wing.)    The  term 

{>inion  is  generally  applied  to  a  comparatively  small  toothed  wheel  working  in  the  teeth  of  a  much 
arger  one,  and  is  specially  applied  to  a  wheel  constructed  on  the  axle  of  a  larger  wheel,  and 
moving  with  the  lai^er  wheel.    The  contrivance  known  as  rack  and  pinion  is  one  for  producing 
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a  limited  rectilinear  motion  from  a  drcular  one.  A  toothed  wheel  or  pinion  rotating  abont  its 
axis  is  caused  to  work  in  a  straight  toothed  bar.  Of  course,  the  extent  of  the  motion  is  limited 
by  the  number  of  teeth  on  the  bar.     (See  Jack. ) 

RADIANT  HEAT.  {Radius,  a  rod,  the  spoke  of  a  wheel ;  related  to  papdos.  Badio,  to  emit 
beams,  to  shine,  is  not  unfrequently  used  bj  the  ancients ;  thus  Lucretius,  "  rubent  radiati 
lum\na  solis.")  The  motion  which  constituteis  heat  may  either  be  associated  with  ponderable 
and  directly  recognisable  matter,  or  it  may  exist  in  the  form  of  radiant  heat.  When  associated 
with  matter,  we  have  noticed  that  it  produces  various  changes,  notably  of  condition,  as  in  the 
solid,  liquid,  and  gaseous  conditions  of  matter.  Badiant  heat  is  transmitted  by  an  unseen 
medium ;  the  heat  which  comes  to  us  from  the  sun  is  radiant  heat,  as  is  also  the  heat  which 
we  perceive  when  we  stand  in  the  presence  of  a  heated  mass,  such  as  the  fire,  or  a  piece  of  red- 
hot  metal.  A  hot  body  parts  with  its  heat  until  it  assumes  the  temperature  of  surrounding 
substaaces ;  if,  for  instance,  we  suspend  a  red-hot  poker  by  a  piece  of  string  in  mid-air,  we  find 
that  it  gradually  loses  its  heat,  and  ultimately  becomes  what  we  term  cold.  That  this  heat  is 
not  communicated  to  the  air  is  proved  by  the  fact  that  a  substance  suspended  by  a  non-conduc- 
tor of  lieat  in  the  most  perfect  vacuum  we  can  obtain,  loses  its  heat.  Badiant  heat  is  thus 
capable  of  traversing  a  vacuum,  and  this  was  proved  early  in  the  century  by  Rnmford  and 
Davy.  The  foimer  suspended  a  thermometer  in  an  exhausted  receiver  by  a  silk  thread  ;  and  on 
placing  a  warm  substance  outside  the  receiver,  and  opposite  the  bulb  of  the  thermometer,  he 
found  that  a  rise  of  temperature  was  indicated.  Davy  placed  two  reflectors  in  an  exhausted 
receiver,  and  proved  that  a  hot  substance  placed  in  the  focus  of  one  reflector  caused  an  increase 
of  temperature  at  the  focus  of  the  other.  Hence  the  transmission  of  radiant  heat  is  entirely 
Indepemdent  of  the  air,  or  of  any  medium  which  we  can  recognise  by  direct  means. 

Beyond  the  limit  of  our  atmosphere,  and  filling  all  space,  we  believe  there  is  an  infinitely 
thin  and  subtle  medium  which  is  called  the  ether,  the  Iimiiniferous  ether,  and  the  interstelliur 
medium,  indiscriminately.  (See  £ther,  LuminiferotLs.)  All  radiant  actions — light,  heat,  radiant 
chemical  action,  and  so  on — are  held  to  be  transmitted  by  imdulations  of  this  medium.  The 
undulations  which  constitute  radiant  heat  would  appear  to  be  of  the  same  character,  and 
to  travel  with  the  same  velocity  as  those  which  constitute  light,  but  the  individual  vibrations 
producing  heat  are  slower  than  those  of  light.  If  we  take  a  mass  of  metal  and  gradually  heat 
it,  it  first  becomes- warm ;  then  as  it  receives  more  of  the  motion  of  heat,  its  molecules  vibrate 
more  quickly,  and  it  becomes  hot ;  then  it  assumes  a  dull  red  tint,  that  is,  it  begins  to  emit  red 
light ;  and  as  the  heating  is  continued,  the  mass  becomes  orange,  yellow,  blue,  until  it  ulti- 
mately glows  with  an  intense  white  heat—that  is,  it  emits  white  light ;  by  gradual  addition  the 
heat  has  increased,  and  has  ended  in  light  and  heat  together.  So,  again,  in  cooling,  the  reverse 
effect  takes  place,' imtil  the  mass  ceases  to  be  luminous,  and  then  after  a  while  ceases  to  be  per- 
ceptibly hot.  Heat  obeys  the  same  laws  as  light,  in  regard  to  its  variation  in  intensity,  as  the 
distance  increases,  and  also  as  to  its  reflection,  refraction,  and  polarisation,  and  there  are  addi- 
tional reasons  for  the  belief  that  light  and  heat  are  modifications  of  the  same  action,  differing 
not  in  kind,  and  only  slightly  in  degree. 

Badiant  heat  is  the  motion  of  heat  transmitted  to  the  ether,  which  motion  is  propagated  in 
the  form  of  waves  through  the  ether.  Thus  when  a  hot  substance  is  cooling  it  is  communi- 
cating its  motion  on  all  sides  to  the  surroimding  ether,  and  this  occurs  in  a  vacuum  equally  as 
in  air,  because  the  luminiferous  ether  is  so  infinitely  subtle  that  it  passes  through  the  densest 
substances  and  pervades  them ;  thus  an  exhausted  receiver  is  as  full  of  the  ether  as  before  ex- 
haustion, and  for  this  reason  a  warm  body  cools  when  placed  in  it.  Now,  as  a  hot  body  which 
is  cooling  communicates  its  motion  of  heat  to  the  ether  in  straight  lines  in  every  direction,  like 
the  radU  of  a  circle,  or  (to  go  back  to  the  more  direct  derivation)  the  spokes  of  a  wheel,  the 
action  is  known  as  radiation,  and  the  motion  thus  transmitted  as  radiant  heat.  (See  also 
Absorption  of  Heat ;  Calorescenee  ;  Dynamic  Heating  of  Gates  ;  Heat  Spectrum;  Obscure  Heat; 
Polarisation  of  Heat ;  Radiation  of  Heai  ;  Rejection  of  Heat ;  Refraction  of  Heat» 

RADIANT  POINT.    See  Diverging  Rays. 

RADIATION  OF  HEAT.  Radiant  heat  has  been  defined  above  as  heat  propagated  in 
straight  lines  through  the  ether  or  interstellar  medium  in  the  form  of  undulations,  and  after 
the  manner  of  light.  Radiation  is  the  communication  of  the  motion  of  heat  from  the  particles 
of  a  heated  substance  to  the  ether.  All  substances  radiate  heat,  and  the  rate  of  radiation  de- 
pends upon  the  difference  of  temperature  between  the  substance  radiating  and  proximate  bodies. 
(See  Theory  of  Exchanges.)  The  radiating  power  of  different  substances  varies  considerably, 
and  is  to  a  great  extent  dependent  upon  the  nature  of  the  surfaces.  If  we  take  a  cube  of  tin, 
one  surface  of  which  is  brightly  polished  while  another  is  coated  with  lamp-black,  and  fill  it  with 
boiling  water,  we  find  that  the  effect  of  the  different  sides  upon  a  thermometer  placed  at  the 
■ame  oistanoe  from  each  side  is  vexy  different.    When  the  thermometer  is  placed  opposite  the 
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bUckened  lide  the  temperatore  xsaes  considerably,  because  lunp-blftck  is  »  good  XBdiator  of 
heat,  and  readily  transmits  the  motion  of  heat  to  the  surrounding  ether ;  on  the  other  liaxd^ 
the  thermometer  is  scarcely  affected  when  the  bright  surface  of  the  cube  is  presented  to  it^  )»• 
oause  the  metal  \»  a  bad  radiator,  and  cannot  transmit  the  l»eat  ol  the  boiling  water  -witliia  t» 
cube  to  the  surrounding  ether.    If,  however,  the  polished  metal  surface  is  covered  with  &  good 
radiator,  as  by  covering  it  with  a  layer  of  varnish,  copious  radiation  is  at  once  manifest.      %  n 
dear,  therefore,  that  if  there  are  two  vessels  filled  with  boiling  water,  and  if  one  is  oompooHi  of 
a  good  radiator  of  heat  and  the  other  of  a  bad  radiator,  the  former  will  cool  soonest.      Ifeoce 
boiling  water  placed  in  a  blackened  vessel  will  cool  sooner  than  if  it  were  placed  in  a  pc^udied 
vessel ;  and,  for  the  iame  reason,  water  cools  sooner  in  a  kettle  covered  with  soot  than  in  one  viu^ 
is  bright^  and  in  an  earthenware  teapot  than  in  one  of  polished  silver.  Good  radiators  of  heat  are 
also  good  absorbers — in  other  words,  substances  which  readily  transmit*  the  motion  of  h«ait  to 
the  ether  also  readily  absorb  it  from  the  ether.    (See  Absorption  of  Heat.)    If  we  plaee  a 
blackened  surface  and  a  brightly  polished  surface  side  by  side  in  front  of  a  fire,  the  former  will 
quickly  acquire  heat  by  a&rption,  while  the  latter  will  reflect  nearly  all  the  radiaxrt  heat 
which  falls  upon  its  sorfaoe.    Or  we  may  vaiy  the  experiment  by  coating  the  bulb  of  a  tileniKN 
meter  with  thif oil  and  holding  it  at  a  certain  distance  from  a  source  of  heat ;  the  meicciry  is 
scarcely  affected,  because  the  heat  is  almost  entirely  reflected  from  the  bright  metaL    If  we 
now  strip  off  the  tinfoil,  the  mercury  rises  at  once,  because  the  glass  of  tiie  thermomet«r  bnSi 
is  a  better  absorber,  and  hence  worse  reflector,  of  heat  than  the  tinfoil ;  but  if,  lastly,  we  cover 
the  bulb  with  lamb-black,  the  mercury  will  rise  more  rapidly  than  before,  because  ths  lamp- 
black is  a  better  absorber  of  heat  than  the  glass,  and  reflects  none  of  the  rays  falling  t^xm  it. 
Of  the  total  amount  of  radiant  heat  which  f aUs  upon  a  surface  a  portion  is  absorbeKl  and  the 
rest  reflected,  hence  the  reflecting  power  is  the  complement  of  the  absorbing  power.     Tn  a  lew 
fafftfriirtwi  the  absorption  is  complete.     The  radiating  and  absorbing  powers  go  hand  in  ka&d ; 
they  are  reciprocal  actions.    In  the  following  table  (which  is  given  by  M.  Pouillet  in  his 
BUmeiUi  de  Phytique  Expermentale)  the  radiating  and  absorbing  powers  of  various  substanoea^ 
with  their  reflecting  powers,  are  shown  side  by  side : — 


Kamas  of  Substances. 


Lampblack,  .    .    * 
Carbonate  of  Lead, 
Writing  paper,   .    . 

Glass, 

China  ink, .    .    •    . 
Oumlac,     .... 
Silver  foil  on  glaas, 
Cast  iron,  polished, 
Merctuy,    .... 
Wrought  iron,  polished, 
Zinc,  polished,    .    . 
sSweeif     .    .    •    •    • 
Platinnm,  imperfectly 
polished,     .... 
Platinnm,  deposited  on 

oopper,    .... 
Platinum  foil,    .    . 

Tin 

Metallic  minors,  tar- 
nished,    

Metallic  mirrors,  freshly 
polished,     .    .    . 
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Kames  of  SabsUnces. 


Brass,    cast,    roughly 
polished,     .... 

Brass,   hammered, 
roughly  polished,     . 

Brass,   hammered, 
highly  polished,  .    . 

Brass,     cast,     highly 
poUshed,     .... 

Copper,  deposited  on 
iron, 

Copper,  hammered  or 
oast,   ..«••. 

GMd  plating, .... 

Gold,     deposited     on 
polished  steel, .    .    . 

Silver,  hammered  and 
highly  polished,  .    . 

Silver,  cast  and  highly 
polijBhed,     .... 


Badiating 
and  absorb- 
ing power. 
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3 
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89 
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93 

93 

93 
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Some  of  these  results  were  obtained  by  Melloni,  but  those  which  relate  to  polished  metallio 
surfaces  are  from  the  experiments  of  MM.  de  la  Prevoetaye  and  Desains.  The  numbers  given  in 
the  above  table  do  not  remain  quite  the  same  for  all  temperatures  and  for  all  sources  of  heat ; 
thus,  in  regard  to  solar  heat,  the  lamp-black  and  carbonate  of  lead  are  not  found  to  have 
precisely  the  same  absorbing  power,  for  the  former  absorbs  rather  more  of  this  heat  than  the 
latter. 

Badiation  takes  place  through  a  vacuum,  as  was  proved  by  Kumford.  Moreover,  the  heat  of 
the  sun  traverses  space,  which  we  believe  to  be  absolutely  vacuous,  before  reaching  us.  That 
radiation  takes  place  in  straight  lines,  and  equally  in  every  direction,  is  implied  by  the  tenn 
itself.    (See  also  JZodiant  iTeat ;  JHatkermanqf,) 
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BADIXJS  VECTOR.  {JRaduUy  and  vector,  a  carrier.)  In  astronomy,  a  straight  line  sup- 
posed to  be  drawn  from  a  central  orb  to  a  body  travelling  in  an  orbit  around  it. 

RADICAL.  {Badix,  radieis,  a  root.)  The  basis  of  a  compound.  Qerhardt's  defmition  is 
"the  proportion  in  which  certain  elements  or  groups  of  elements  may  be  substituted  for  others, 
or  may  be  transferred  from  one  body  to  ano&er  in  the  act  of  double  decomposition."  (See 
Badical,  Compound,) 

RADICAL,  COMPOUND.  In  oiganio  chemistry,  a  compound  radical  is  a  group  of  ele- 
ments which,  in  the  various  changes  and  decompositions  which  a  substance  undergoes,  remains 
unaffected,  and  acts  as  if  it  were  an  element ;  thus  cyanogen,  caoodyl,  ethyl,  the  group  NO,, 
&c.,  are  compound  radicals. 

RAG  WHEEL.  A  mechanical  contrivance  for  converting  rotatory  motion  into  rectilineal 
or  tiie  reverse,  in  which  the  teeth  of  a  wheel  are  caused  to  work  in  the  links  of  a  chain. 

RAIN.    Water  falling  in  drops  from  the  upper  r^ons  of  the  air.     The  actual  process  of  the 
^  production  of  rain  has  not  yet  been  completely  explained,  nor  perhaps  will  it  be  until  we  know 

'  more  of  the  constitution  of  clouds,  and  especially  of  the  structure  of  tiieir  constituent  globules. 

'  De  Saussure,  Kamtz,  and  Kratzenstein  think  that  these  globules  are  hollow,  whereas  Sir  John 

^  Herschel  and  Dr.  Tyndall  suppose  them  to  be  simply  minute  water  drops.     '*  It  is  certain," 

^  says  the  latter,  "  that  they  (the  globules)  possess,  on  or  after  precipitation,  the  power  of  building 

themselves  into  crystalline  forms ;  they  Uius  bring  forces  into  play  which  we  have  hitherto  been 
accustomed  to  regard  as  molecular,  and  which  could  not  be  ascribed  to  the  aggregates  necessary 
to  form  vesicles." 

The  general  causes  leading  to  the  precipitation  of  rain  are  probably  the  following  : — 

(l.^  The  cooling  of  clouds  through  the  effects  of  radiation. 

(2.)  The  commingling  of  nearly  saturated  masses  of  air  at  different  temperatures.  (See 
SaJturaition,) 

(3.)  The  ascent  of  masses  of  moisture-laden  air  towards  colder  r^ons. 

(4.)  The  impact  of  such  masses  against  some  cold  surface. 

(5.)  The  traoysfer  from  equatorial  towards  polar  regions  of  laige  masses  of  moisture-laden  air 
by  means  of  the  upper  south-westerly  or  caunUtr-trade  tdnda. 

The  increase  of  atmospheric  density  or  pressure  is  sometimes  added,  but  as  such  a  change  is 
always  accompanied  by  an  increase  of  temperature  it  does  not  cause  condensation.  Dr. 
Tyndall,  speaking  of  such  a  i«ooess,  says,  "  The  heat  developed  is  more  than  sufficient  to  pre- 
serve the  moisture  in  the  state  of  vapour.'* 

Electricity  is  regarded  by  many  meteorologists  as  largely  operative  in  eauring  the  precipitation 
of  rain,  but  though  it  is  true  that  no  rain-storm  ever  takes  places  without  electrical  action  being 
developed,  we  ought  rather,  it  would  seem,  to  regard  this  action  as  the  effect  than  as  the  cause 
of  the  precipitation. 

Hie  circumstances  affecting  the  action  of  these  several  causes  in  different  places  are  chiefly 
the  following  : — The  latitude  of  the  station  ;  the  elevation  above  the  sea>level ;  the  proximity 
of  the  sea ;  the  laws  affecting  the  seasonal  variations  at  the  place  ;  the  prevailing  winds ;  and 
the  configuration  of  the  surrounding  surface.  Some  of  these  dicumstances  have  been  considered 
under  the  head  Climate. 

In  general,  low  latitudes  are  regions  of  heavy  annual  rainfall.  The  rap^^  evaporation  which 
takes  place  over  moist  regions  under  the  tropical  sun  causes  ascending  air  currents,  and  the 
upper  regions  of  the  air  being  rarer  and  colder  than  thb  lower,  and  radiation  of  heat  taking  place 
rapidly  from  the  upper  surface  of  clouds — ^brought  here,  as  Tvndall  expresses  it,  into  the 
presence  of  pure  space—  (dry  air  having  no  i^reciable  effect  m  checking  radiation),  there 
results  a  copious  precipitation.  Over  the  equatorial  regions,  therefore,  and  in  a  leas  degree  in 
tropical  and  sub-tropiosl  regions  (with  some  notable  exceptions,  however)  clouds  are  formed  by 
the  action  of  the  sun,  and  their  formation  is  followed  presentiy  by  the  precipitation  of  heavy 
rain-bowers.  Humboldt  estimates  the  average  depth  of  rain  falUng  in  latitudes  0%  ig%  45 , 
and  6o%  at  98,  80,  29,  and  17  inches,  respectively. 

Winds  Uowing  towards  the  equator  are  commonly  dry,  and  winds  blowing  from  the  equator 
are  commonlv  moist.  We  venture,  in  place  of  the  explanation  commonly  given  of  this  drcum* 
stance,  to  rd!er  the  peculiarity  to  the  simple  fact  that  winds  of  the  former  order  are  blowine 
from  regions  where  the  air  is  lu$f  to  regions  where  it  is  more  heavily  laden  with  moisture,  ana 
viceverta. 

Forests  are  great  generators  of  rain  (see  ForeiUf  If^/luenee  of,  on  CUmate),  and  as  rain  in  turn 
encourages  vegetation,  a  f  orestKM>vered  r^gkm  tends  to  remain  imchanged  in  character,  or  to  be 
covered  year  after  year  with  a  ranker  luniiiance  of  vegetable  growth.  And,  in  like  manner, 
arid  regions  tend  to  remain  arid,  even  where  an  attempt  is  made  to  change  their  character, 
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because  the  intense  heat  of  the  soil  and  the  dryness  of  the  superincumbent   air  prevent  era 
moisture-laden  winds  from  bringing  rain  to  nourish  vegetation. 

The  influence  of  the  seasons  on  rainfall  varies  with  the  latitude     Under  the   tropics  the  laws 
affecting  the  fall  of  rain  are  much  more  regular  than  elsewhere     On  the  ocean  -vre  li&ve  desr 
fskies  where  the  trade-winds  are  blowing  steadily,  and  heavy  rain  falls  by  day  ove«"  the  inter- 
mediate zone  of  calms ;  but  on  the  land  we  have  a  regular  alternation  of  dry  ancl  ini  et  aeasoosL 
In  what  we  must  call  the  winter  of  the  tropics  (see  ClimaU),  the  sky  is  serene,  in  spring  it 
becomes  mouit,  and  the  rainy  season  sets  in  when  the  sun  is  near  the  zenitb.      When  the 
interval  between  the  sun's  successive  passages  of  the  zenith  is  long  (as  at  the  equator)  there  are 
two  wet  seasons,  both  occurring  in  the  summer  months.     When  monsoons  prevail,  liowever,  the 
alternation  of  dry  and  wet  seasons  depends  on  the  winds.    When  the  southwest  jnonjstxm  ib 
blowing  over  Inoia,  for  instance,  there  is  no  rain  on  the  east  coast,  but  abundant  rain  on  the 
west  coast.    During  the  north-east  monsoon  these  conditions  are  reversed. 

Beyond  the  tropics,  with  inconstant  winds  we  get  variable  rainf  alL  In  England,  in  particnhr, 
the  rainfall  is  remarlosibly  variable  whatever  season  or  month  we  consider.  Li  the  Hritish  Isles, 
too,  the  Gulf  Stream,  while  adding  on  the  whole  to  the  supply  of  rain,  causes  peculiarities  of  a 
very  marked  character  in  the  distribution  of  the  supply.  Winds  from  the  east  often  drive  hscfc 
the  moisture-laden  south-westers,  especially  in  spring.  At  such  times  the  air  becomes  singu- 
larly dry. 

The  rainless  regions  of  the  earth  are — the  coast  of  Peru  in  South  America,  the  valley  of  the 
rivers  Columbia  and  Colorado  in  North  America,  the  Sahara  in  Africa,  and  the  desert  of  Gobi 
in  Asia. 

The  heaviest  annual  rainfall  on  the  globe  occurs  on  the  Khasia  Hills,  where  no  less  than  600 
inches  fall  in  the  course  of  a  year,  500  falling  during  the  seven  months*  continuance  of  the 
south-westerly  monsoons.  The  following  estimates  of  annual  rainfall  in  tropical  places  are 
taken  from  Buchan's  Handybook  of  Meteorology  : — Singapore,  97  inches ;  Canton,  78 ;  St 
Benoit,  163  ;  Sierra  Leone,  87 ;  Caraccas,  155  ;  Pemambuco,  106 ;  Bio  Janiero,  59  ;  George- 
town, 100 ;  Barbadoes,  72 ;  St.  Domingo,  107 ;  Bahamas,  52 ;  Vera  Cruz,  183 ;  Ceara^  & ; 
Doldrums  of  the  Atlantic,  225  ;  and  Maranhao,  280. 

In  Europe,  the  westerly  countries  have,  for  the  most  part,  the  greatest  rainfall.  At  Coimbra, 
the  annual  rainfall  amounts  to  123  inches  ;  while  at  Petersburg  it  is  but  1 8*2.  In  the  British 
Isles  the  rainfall  varies  remarkably.  At  Skye,  in  the  lake  distiict,  the  annual  rainfall  is  about 
224}  inches ;  at  Seathwaite  in  Cumberland,  183I ;  but  in  the  eastern  parts  the  rainfall  varies 
from  20  to  28  inches.  In  France  the  average  is  30  inches ;  in  the  plaioa  of  Germany  and  Bus- 
sia,  20  inches. 

We  owe  to  Mr.  Symons  the  attention  which  has  of  late  years  been  paid  to  the  subject  of 
rainfall  in  Great  Britain. 

See  further  Kamtz's  Meteorology,  translated  by  Mr.  C.  Walker ;  Daniell's  Meteorological 
Essays  ;  the  writings  of  Dov^,  Glaisher,  &c. ;  and  Keith  Johnston's  Physical  Atlas. 

BAINBOW.    A  luminous  arc  sometimes  seen  in  the  sky  opposite  the  sun  during  rain.    It 
is  formed  by  the  rays  of  light  being  reflected  from  the  inner  surface  of  the  spherical  drops  of 
rain,  and  refracted  and  dispersed  as  they  enter  and  quit  the  drops.    The  result  is  a  mul- 
titude of  coloured  spectra,  as  many,  in  fact,  as  there  are  drops  of  rain.    But  out  of  the 
whole  number  only  those  which  are  reflected  in  a  certain  direction  can  come  to  the  obserrer. 
The  light  forming  the  rainbow  makes  the  shell  of  a  cone,  whose  apex  is  at  the  observer  s  eye, 
while  the  radius  of  the  circle  forming  the  base  is  about  41°.    It  follows,  therefore,  that  no  two 
people  can  see  actually  the  same  bow,  as  each  person  receives  the  light  from  different  drops. 
Tlie  colours  are  the  same  as  in  the  solar  spectrum,  the  innermost  being  violet,  and  the  oute^ 
most  red.    Under  very  favourable  circumstances  a  much  fainter  bow,  called  the  secondary  rain- 
bow, is  seen  outside  the  principal  or  primary  rainbow.    It  is  due  to  two  reflections  and  two  re» 
fractions.     Occasionally  a  thh^  has  been  seen.    The  Ught  of  both  rainbows  is  polarised  in 
j^anes  passing  through  the  eye  and  the  radii  of  the  arc.     (See  J^lecUon  qf  Light,  Total; 
Mrfrcuition.) 
BAINFALL.    The  amount  of  rain  falling  in  a  given  period.    (See  Bain,) 
BAIN-GAUGE.    An  instrument  for  measuring  the  fall  of  rain.    The  simplest  fonn  is  a 
metallic  cylinder,  with  a  glass  tube  (divided  into  inches  and  parts)  rising  from  the  bottom. 
A  float,  with  an  attached  scale  rising  above  the  level  of  the  rain-gauge,  is  sometimes  used,  as 
the  glass  tube  is  apt  to  break  during  frosty  weather.   In  some  rain-gauges  the  aperture  is  mucb 
larger  than  tYe  diameter  of  the  vessel  in  which  the  rain  is  collected.    Mr.  G.  J.  Symons  re- 
commends this  sort  for  general  use.    A  form  devised  by  the  late  G.  V.  Jagga  Rao,  of  Tiz(ga* 
patam,  is  worthy  of  notice  on  account  of  its  cheapness  and  simplicity. 
Bain-gauges,  so  devised  as  to  indicate  the  varying  rainfall  with  d&erent  winds^  to  have  their 


^m^m^^mi^^^^^^^^^'^^^i'^mm^mmmam 


9 


KAM  459  KEE 

aperture  always  at  right  angles  to  the  wind,  and  to  answer  other  purposes,  have  been  devised 
by  Mr.  Symons  and  others. 

A  rain-gauge  must  be  placed  dose  to  the  ground,  as  elevation  causes  a  marked  diminution  in 
the  amoimt  of  fall.  The  cause  of  this  peculmrity  has  not  yet  been  satisfactorily  explained.  Dr. 
iFranklin  suggested  that  the  condensation  of  the  aqueous  vapour  of  the  atmoe^nere  on  the  rain- 
drops as  they  fall  may  be  the  cause ;  but  Sir  John  Herschel  has  shown  that  only  a  seventeenth 
part  of  the  increase  can  be  ascribed  to  this  cause. 

KAMSDEN'S  EYE-PIECE.    See  Pontive  Eye-pUce. 

RANGE  OP  A  PROJECTILE.    See  Prcjeciiles. 

RAREFACTION.  {RarefaciOf  to  rarify.)  The  action  of  a  property  possessed  by  gases  and 
aeriform  fluids  by  which  the  intervals  between  the  particles  of  matter  composing  ti^em  may 
be  increased  or  diminished,  so  that  the  same  weight  of  the  gas  occupies  a  greater  space.  Rare- 
faction is  produced  by  diminishing  the  pressure  or  by  increasing  the  temperature.  It  is  directly 
proportional  to  the  diminution  of  pressure,  and  no  limits  to  it  have  as  yet  been  discovered. 
However  small  a  quantity  of  gas  may  remain  in  a  given  space  it  is  shown  by  Greissler's  vacuum 
tubes  that  the  gas  occupies  the  whole  of  the  space. 

RAS  ALGETHI.    (Arabic.)    The  star  a  of  the  constellation  Hercules. 

RAS  ALHAGUE.    (Arabic.)    The  star  a  of  the  constellation  Ophiuchns. 

RATCHET  WHEEL.  (French,  rochet;  Italian,  rocchetto,  a  spindle;  rocoa^  a  distaff.) 
See  Jack. 

RAYS,  CONVERGING.    See  Converging  Rayt. 

RAYS,  DIVERGING.    See  Diverging  Jtayt. 

REACTION.    See  Action. 

REACTION,  CHEMICAL.  (Re,  again ;  and  ago,  aditm,  to  put  in  motion.)  The  mutual 
action  of  chemical  agents  on  each  other.    (See  Reagent.) 

REAGENT.  A  chemical  test  which  serves  to  distinguish  the  presence  of  a  substance  or 
group  of  substances  by  the  mutual  action  which  they  exert  on  one  another. 

REALGAR    See  Artenic,  SuJphitUs  of. 

REAL  IMAGE.    See  Images,  Virtual,  Real 

RECOMPOSITION  OF  WHITE  LIGHT.  If  light,  which  has  been  dispersed  into  its 
primary  colours  by  means  of  a  prism,  be  passed  through  another  similar  prism,  held  in  the 
reverse  direction,  the  colours  are  refracted  back  again,  and  caused  to  travel  in  its  original  direc- 
tion forming  white  light  again.  If  the  spectrum  be  received  upon  a  series  of  small  mirrors 
(say  seven),  and  these  be  turned  so  as  to  reflect  the  incident  colours  on  to  one  spot  of  a  white 
screen,  they  will  reform  white  light.  If  a  circular  disc  be  divided  into  seven  portions  by 
radii,  and  these  be  painted  with  the  seven  colours,  on  causing  the  disc  to  rotate  rapidly, 
the  persistence  of  vision  will  cause  the  seven  colours  to  be  present  on  the  retina  at  the 
same  time,  and  the  result  will  be  a  uniform  gray  tint,  if  the  spaces  for  each  colour  have 
been  carefully  apportioned.  The  reason  why  white  is  not  produced  in  this  experiment  is, 
that  artificial  pigments  never  reflect  pure  colours  but  mixtures ;  the  purer  the  colours  the 
more  nearly  the  gn^  approaches  white.    (See  Colours  of  Bodies.) 

RED  LEAD.    See  Lead,  Oxides. 

RED  LEAD  ORE.    See  Ckromates,  ChromaU  of  Lead. 

RED  OXIDE  OF  MANGANESE.    See  Manganese,  OoadCM. 

RED  PRECIPITATE.    See  Mercury;  Oxides, 

RED  STARS.    See  Stars,  Colours  of. 

REDUCTION.  (Re,  back;  and  duco,  to  lead.)  The  separation  of  oxygen,  chlorine,  or 
allied  elements  from  a  metaUic  compound  so  as  to  leave  the  pure  metal,  is  usuidly  termed  reduc- 
tion. But  the  term  is  frequently  extended  to  an  incomplete  action  of  this  sort,  or  even  to  the 
addition  of  hydrogen. 

REED  PIPES.  The  reed  applied  to  an  organ  pipe  or  other  sounding  pipe^  acts  as  a  spring 
valve  whose  motion  permits  successive  puffs  of  air  to  pass  through.  Ilie  simplest  form  of 
reed  pipe  consists  of  a  short  pipe  dosed  at  one  end.  A  strip  of  the  pipe  running  along 
it  and  near  to  the  closed  end  is  removed.  A  spring,  slightly  concave,  is  fastened  to  the 
tube  at  one  end,  the  other  being  free.  When  the  spring  is  bent  flat  it  either  covers  the 
hole  entirely  (dapper-reeds),  or  passes  into  the  opening  (free  reeds).  If  the  dosed  end  of  the 
reed  is  placed  in  the  mouUi  or  other  vessel  of  air,  and  the  air  is  forced  into  the  tube,  the 
valve  will  be  slammed  and  the  current  stopped.  If  the  latter  be  not  too  strong,  so  that 
the  reed  spring  is  shut  bv  the  friction  and  momentum  of  the  air  passing  by  it,  and  not 
by  the  steady  pressure  of  the  air,  the  valve  will  open  when  the  current  is  stopped,  and  allow 
a  fresh  cairent  to  be  established.  In  this  way  a  succession  of  air  puffs  willjpass  by  the  reed 
whidi,  if  Buffidently  rapid  in  their  ineoesaion,  will  constitute  a  musical  note.    The  pitch  of  the 
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note,  depending  upon  the  rate  at  which  the  reed  vibrates,  can  be  dianged  by  shortezizzi^  tiie 
free  end  of  the  reed  ;  this  is  done  by  sliding  a  wire  along  it  from  the  root  towards  the  free 
extremity.  When  the  reed  is  applied  to  an  organ  pipe,  the  note  produced  depends  upon  the 
length  of  the  pipe  (see  Organ  Pipe),  rather  than  upon  the  length  of  the  reed.  (See  Viifratwtm  ^ 
BImUc  Bod).  In  fact,  when  the  note  in  the  pipe  is  established,  the  reed  obeys  the  ImpolseB  it 
receiTea  from  the  air  in  the  tube.  Its  use  is  accordingly  rather  to  economise  the  air  and  to  ^ztb 
certainty  and  precision  to  the  striking  of  the  note. 

REFLECTlNa  MICROSCOPE.  A  form  of  microscope  devised  by  Amici,  in  whidi  a 
reeling  mirror  is  used  instead  of  the  object  glass.  The  object  being  pla<»d  in  one  of  the  conju- 
gate fod  near  to  themiiror,  an  image  is  formed  in  the  other  focus  about  lo  inches  off,  and  b 
examined  by  an  eye-piece  ;  this  form  is  now  obsolete.    (See  Microscope.) 

REFLECTING  TELESCOPE.  Reflecting  telescopes  are  almost  entirely  used  f<T 
astronomical  purposes.  In  them  light  from  the  object  falls  upon  a  concave  speailutn  and  is 
thence  reflected  either  to  a  mirror,  or  to  an  eye-piece,  according  to  the  particular  constructiioiiof 
the  telescope.    (See  Cassegranian,  Hersehdian,  Qregorian^  and  Newtonian  Tdesoopes.) 

REFLECTION,  ANGLE  OF.    See  Incidence,  Angle  of. 

REFLECTION,  LIGHT  LOST  BY.    See  Light  Lost  by  Ruction. 

REFLECTION  OF  COLD.    See  Theory  of  Exchanges. 

REFLECTION  OF  HEAT.    {R^/lecto,  to  turn  back.)    When  radiant  heat  impinges  npos 
a  polished  surface  it  is  reflected,  or  turned  back.    The  ordinary  reflector  of  our  kitchens  is  used 
for  this  purpose,  and  the  brighter  its  surface  the  more  does  it  concentrate  heat  upon  the  things 
within  it.    The  reflection  of  heat  was  well  known  to  the  ancients.    According  to  Pliny,  the 
sacred  fire  of  Vesta  was  rekindled  by  reflecting  the  rays  of  the  sun  from  a  metallic  mJiror. 
Baptista  Porta  mentions  that  heat,  sound,  and  cold  may  be  reflected  by  mirrors  in  precisely  the 
same  manner  as  light.     Now,  as  thermometers  were  not  yet  invented,  he  probably  detected  the 
heat  bv  placing  his  hand  in  hont  of  the  mirror,  but  this  test  was  not  sufficiently  delicate  in  the 
case  of  the  reflection  of  cold,  consequently  he  placed  his  eye  in  the  focus  of  the  mirror,  as  the 
most  delicate  organism  of  the  body,  just  as  some  two-and-nalf  centuries  later  Dr.  Tyndall  dar- 
ingly placed  his  eye  in  a  focus  of  dark  heat  rays,  in  order  to  s^  whether  any  light  accompanied 
the  heat.    The  following  is  the  account  of  Porta's  experiment,  from  the  seventeenth  book  of  the 
celebrated  Natural  Magic :    '*  Calorem,  frigus,  et  vocem,  speculo  ooncavo  reflectere."    *'  Si  quis 
candela  in  loco,  ubi  spectabilis  res  locari  debet  apposuerit,  accedet  candela  per  aerem  usque  ad 
oculos,  et  illos  calore  et  lumine  offendet,  hoc  autem  mirabilius  erit,  ut  calor,  ita  frigus  reflect!- 
tur,  si  eo  loco  nix  objidatur,  si  oculum  tetigerit,  quia  sensibilis  etiam  frigus  percipiet.*'    Bona- 
venture  Cavalieri,  writing  in  1632,  mentions  that  he  inflamed  dry  substances  by  reflecting  the 
heat  of  burning  charcoal  from  a  spherical  mirror,  and  when  a  parabolic  mirror  was  substituted, 
he  could  produce  the  effect  at  a  distance  of  five  feet,  with  a  small  fire  of  wood  as  the  source  of 
heat.    About  fifty  years  later  Tschimhausen  constructed  a  mirror  of  polished  copper,  nearly 
6  feet  in  diameter,  which  readily  melted  very  refractory  substances.     The  largest  burning 
mirror  ever  constructed  was  devised  by  Buffon,  and  consisted  of  a  hundred  small  minors  of 
looking-glass  arranged  on  a  frame,  so  as  to  be  capable  of  easy  adjustment  in  any  position ;  by 
means  of  this  he  could  inflame  wood  at  a  distance  of  200  feet  from  the  surface  of  the  minor. 

Dark  heat  is  reflected  in  the  same  manner  as  light,  and  according  to  the  same  law,  that  is  to 
say,  the  angle  of  incidence  of  a  ray  of  heat  is  equal  to  the  angle  of  reflection  ;  it  impinges  upon 
a  reflecting  surface  at  a  certain  angle,  and  it  leaves  the  surface  at  the  same  angle.  If  we  place 
an  air-thermometer  or  thermo-electric  pile  in  the  focus  of  a  spherical,  or  better,  a  parabolic 
mirror,  and  place  a  vessel  containing  hot  water  in  front  of,  but  at  some  distance  from,  the  mirror, 
we  notice  an  immediate  indication  of  heat.  The  rays  of  heat  proceeding  from  the  hot  water 
have  impinged  upon  the  surface  of  the  mirror,  and  been  thence  reflected  upon  the  aii^thermo- 
meter.  If  two  parabolic  mirrors  are  placed  face  to  face,  with  their  axes  perfectly  coinqdent^ 
and  a  source  of  heat  be  placed  in  the  focus  of  one  of  them,  the  reflected  heat  is  very  evident  at 
the  focus  of  the  other,  although  a  space  of  several  feet  may  intervene  between  the  two.  Phos- 
phorus may  thus  be  ignited  by  the  heat  reflected  from  a  ball  of  metal  below  redness,  and  the 
effect  upon  a  blackened  air-thermometer  is  very  marked.  The  reflecting  powers  of  subetances 
vary  greatly  ;  a  comparison  is  made  between  the  radiative  and  reflective  power  of  variouB  sab- 
stances  in  tiie  table  given  under  the  heading  Radiation  of  Heat.  It  will  be  noticed  that  the 
metals  which  reflect  heat  most  completely  also  reflect  light  very  readily ;  moreover,  that  good 
reflectors  of  heat  are  bad  radiators,  and  vice  versa.  In  all  matters  connected  with  reflection 
dark  heat  and  light  resemble  each  other  perfectly.    See  also  Tkeory  of  Exchanges. 

REFLECTION  OF  LIGHT.  When  a  ray  of  light  falls  upon  a  poUshed  surface  it  is  re- 
flected or  turned  away  from  its  original  course.  The  angle  which  the  incident  ray  forms  with 
the  plane  reflecting  suiface  is  equal  to  the  angle  which  the  reflected  ray  f onus  with  the  same 


BEF  461  BEF 

surface.  Parallel  rays  of  light  incident  on  plane  minora  remain  parallel ;  when  incident  on 
concave  mirrors  they  are  converged  to  a  focus,  and  when  incident  on  oonvez  mirrors  they  beoome 
diveigent.  A  concave  reflector  is  frequently  used  instead  of  an  object  glass  in  astronomical 
telescopes.     (See  R^/Ucting  Tdeseope.) 

REFLECTION  OF  LIGHT  FROM  METALS.    See  MOaU,  CdUntn  of. 

REFLECTION  OF  LIGHT,  TOTAL.  When  a  ray  of  light  passes  obUquely  from  a  rarer 
into  a  denser  medium,  the  sine  of  the  incident  ray  is  always  greater  than  the  sine  of  the  re- 
fracted ray,  and  a  coxisiderable  portion  enten  and  is  re&acted,  however  great  may  be  its  obli- 
quity, but  the  converse  of  this  does  not  hold  good.  If  a  ray  passes  from  a  dense  medium  into 
a  rare  one,  the  sine  of  refraction  will  exceed  that  of  incidence  ;  and  when  the  ray  is  incident  at 
a  greater  angle  than  that  at  which  the  sine  of  the  refracted  ray  would  be  equal  to  the  radius, 
the  refraction  of  the  ray  becomes  impossible,  and,  instead  of  entering  the  rarer  medium,  it  is 
reflected  back  again  from  the  internal  surface  of  the  denser ;  if  the  obliquity  be  sufficient  no 
light  is  lost,  and  the  brilliancnr  of  the  light  thus  reflected  far  exceeds  that  from  the  bestmetallio 
mirrors  (Brooke's  Natural  Philosophy,  p.  1060,  and  Brewster's  Optics,  p.  31.)  The  angle  at 
which  internal  reflection  occurs  is  termed  the  limiting  angle,  wluch  see;  also  Jtight-Angled 

JPfittlh.  

'  REFLECTION  OF  SOUND.  With  regard  simply  to  the  direction  of  the  souhd  reflected 
from  a  surface,  it  is  found  to  follow  the  same  law  as  tibe  reflection  of  light  and  heat,  namely, 
that  the  path  of  the  sound  after  reflection  makes  the  same  angle  with  the  reflecting  surface,  if 
plane,  as  it  did  before  reflection,  and  that  these  two  directions  and  the  perpendicular  to  the  sur- 
face are  in  one  plane.  If  reflection  take  place  from  a  curved  surface,  the  direction  of  the  surface 
at  the  point  of  impact  may  be  represented  by  the  tangent  plane  at  that  point.  Thus  a  sonorouB 
body,  as  a  bell,  placed  in  tiie  focus  of  a  parabolic  mirror,  will  give  off  vibratious  in  all  direc- 
tions, those  which  strike  the  surface  will  be  reflected  parallel  to  the  axis  ;  ^ey  may  be  caught 
on  a  second  parabolic  surface  conjugate  with  the  first)  that  is,  having  a  common  axis  therewith^ 
and  rdSected  to  its  focus.  As  in  the  case  of  light,  spherical  surfaces  of  small  curvature  may  be 
substituted  for  parabolic  ones,  and  then  the  sound  emanating  from  the  principal  focus  of  one 
mirror  (the  point  on  the  principal  axis  half-way  between  the  centre  and  centre  of  curvature), 
¥nll  be  concentrated  at  the  principal  focus  of  ihe  other  mirror.  The  curvature  of  the  walls  of 
many  public  buildings  is  such,  that  the  sound  of  the  voice  when  the  speaker  is  near  to  one  wall 
will  be  thus  twioe  reflected,  so  that  a  person  situated  at  a  corresponding  point  near  the  opposite 
wall  will  hear  the  speaker  distinctly,  while  those  between  the  two,  and  therefore  nearer  to  the 
speaker,  will  fail  to  do  so.  Such  is  the  action  of  whispering  galleries,  fto.  Echo  is  a  familiar 
illustration  of  the  reflection  of  sound.  If  hands  be  clapped  in  the  open  air  before  a  wall,  a  few 
yards  off,  two  sounds  will  reach  the  ear,  one  the  direct  sound  from  the  hands  to  the  ear,  the 
other  the  same  sound,  which  is  reflected  from  the  wall  before  reacting  cm  the  ear. 

As,  however,  tiie  ear  cannot  distinguish  between  two  sounds  at  an  interval  less  than  i-i6th 
of  a  seoond,  these  two  sounds  will  be  heard  as  one.  If  the  wall  be  about  35  feet  away,  the 
sound,  to  travd  there  and  back,  will  have  to  pass  through  70  feet,  and  this  will  take  about 
I-i6th  of  a  second,  since  sound  travels  at  the  rate  of  about  1 100  feet  per  second.  Accordingly, 
the  direct  and  reflected  sounds  will  be  heard  distioct.  The  further  the  wall  is  away  the  longer, 
of  course,  will  the  sound  take  to  reach  the  ear  after  reflection.  In  speaking  several  svllables  in 
rapid  succession  the  first  may  not  yet  have  reached  the  ear  before  the  last  has  quitted  the  lips. 
And  an  echo  is  said  to  be  monosyllabic,  disyllabic,  &c.,  according  to  the  number  of  syllables 
which  can  be  uttered  before  the  first  returns.  An  echo  may  i3ao  be  "  multiple  " — that  ia^  a 
single  sound  may  give  rise  to  a  number  of  echoes.  Thus  if  a  person  stand  midway  between  two 
parallel  walls,  A  and  B,  and  fire  off  a  pistol,  the  report  will  strike  the  wall  A,  be  reflected,  and 
reach  his  ear  at  the  same  moment  that  the  sound  has  reached  his  ear  after  reflection  from  B. 
Further,  the  sound  which  reaches  him  from  A  will  go  past  him  and  be  reflected  baek  by  the 
wall  B,  and  reach  him  at  the  same  moment  that  the  sound  reaches  him  which  has  been  re- 
flected from  B,  thence  to  A,  and  thence  to  the  auditor.  In  short,  with  a  loud  report  and 
smooth,  verticiU,  and  parallel  walls,  the  echo  of  a  single  report  may  be  very  manifold.  It  is  dear, 
however,  that  thoee  echoes  which  have  been  reflected  most  often  wiU  be  the  feeblest,  having 
had  to  traverse  the  longest  paths.  The  continued  noise  produced  in  a  room  by  a  single  loud  re- 
port is  due,  in  like  manner,  to  the  successive  echoes  from  the  walls,  which  are  usuMly  so  near 
to  one  another  that  the  separate  sounds  are  blended.  Clouds  are  capable  of  producing  echoes^ 
as  is  often  observed  at  sea  when  a  gun  is  fired  beneath  a  dense  dead.  Whenever  refraction  off 
sound  occurs,  as  when  a  sound  passes  from  a  less  dense  to  a  more  dense  medium,  reflection  la 
always  produced.  Hence  it  Is  that  sounds  are  heard  at  a  peat  distance  when  the  air  is  of 
uniform  density,  as  in  the  polar  regions,  and  generally  at  night.  During  the  day  the  unequal 
heating  of  the  earth  and  the  continual  ascent  of  watery  vapour  from  differont  portioDf  in  vary- 
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fng  quantity  causes  refleedon  to  occur  when  the  sound  passes  from  one  meditun  to  another,  sod 
ooDsequently  a  large  portion  of  the  undulations  are  dispersed. 

The  BpeaJdngtrumpet,  speaking-tube,  and  ear-trumpet  are  applications  of  the  reflection  dt 
sound.  The  first  two  confine  the  waves  of  sound  by  the  reflecting  power  of  their  sides  to  s 
column  of  less  diyerging  waves  ;  the  latter  receives  a  large  volume  of  sound  "wxveBy  and,  by 
reflection,  concentrates  them  to  the  narrow  end  of  the  tube  placed  in  the  ear. 

BEFRACTINa  TELESCOPE.  A  telescope  in  which  the  principal  imag^e  is  formed  hy 
refraction  through  a  convex  achromatic  lens,  instead  of  by  reflection  fnun  a  concave  apecnliniL 

KEFRACTION,  ANGLE  OF.    See  Refraction,  Index  of. 

REFRACTION,  DOUBLE.     See  DoubU  Btfraction. 

REFRACTION  EQUIVALENTS.  Dr.  J.  H.  Gladstone  gives  the  following  table  of  tlis 
refraction  equivalents  of  the  elements.     (See  Brfractive  Energy,  Specific) 


Aluminium,  . 

8-4 

Molybdenum,          .           , 

10-4 

Antimony,     , 

245 

Nickel, 

Arsenic, 

15-4 

Niobium,     .            •            , 

Barium,        , 

iS-8 

Nitrogen,    •            •            • 

4» 

Beryllium,    • 

57 

Onrnininy       ,               ,               , 

Bismuth^       < 

39-2 

Oxygen, 

29 

Boron,           . 

40      ^ 

Palladium,  .            • 

22 '2 

Bromine,       « 

15-3 ;  169 

Phosphorus,             •            « 

183 

Cadmium,     , 

136  ^ 

Platinum,    .            •   •        • 

26x1 

Ceesium,         < 

13>  (?) 

Potassium,  . 

81 

Calcium,        « 

10*4 

Rhodium,    .            • 

24*2 

Carbon, 

50 

Rubidium,  .            •            , 

14*0 

Cerium,         « 

13-6  (?) 

Ruthenium, 

Chlorine, 

,     •                     4 

99;  107 

Selenium,    • 

Chromium,    . 

15-9 

Silicium,      •            .            • 

7.s{0;6'8 

Cobalt, 

10-8 

Silver,         •           •            . 

'^■1 

Copper, 

ir6 

Sodium,       •           •           « 

Didymium,   . 

16*0 

Strontium,  •           •            , 

13*6 

Erbium, 

Sulphur,      •            •           , 

i6x> 

Fluorine,       . 

1*4 

Tantalum,   .            •            , 

Gold, 

240 

Tellurium,  . 

Hydrogen,     . 

1-3;    3*5 

Thallium,     • 

\          21-6  (?) 

Indium, 

' 

Thoiinum,  .           •           < 

Iodine,          • 

24s ;  27"2 

Tin,     .        .            •           < 

\          27*0;  I9'« 

Iridium, 

Titanium,    •           •           , 

25s  (?) 

Iron,             , 

I2X> 

Tungsten,    .            •           < 

Lanthanum, 

1 

Uranium,    •            •           , 

!           10-8 

Lead, 

24'8 

Vanadium,  •           •           < 

2S'3  (0 

Lithium, 

3*8 

Yttrium,     •           •           , 

Magnesium,  . 

7-0 

Zinc, 

»               I0'2 

Manganese^  . 

12-2 

Ziroomum,  •           •           < 

22*3 

Mercury, 

21'3 

REFRACTION,  INDEX  OF.  When  light  passes  obliquely  from  a  rare  to  a  dense 
medium  it  is  refracted  to  a  certain  extent,  varying  with  the  medium  employed,  as  the  sine  of 
the  angle  of  incidence  always  bears  an  invariable  ratio  to  that  of  the  angle  of  refraction  for  tiio 
same  ray  and  the  same  medium.  This  ratio  is  called  the  refracHve  index  of  that  meditnn. 
This  rule  applies  to  gases  as  well  as  to  solids  and  liquids.  (See  Brfractwn  ;  RrfracHw  Indieet 
qf  Solids^  Liquids,  and  Oases,) 

REFRACTION  INDICES  OF  OPAQUE  BODIES.  See  Opa^te  Bodies,  Indices  <f 
B^action  of,  

REFRACTION  OF  HEAT.    (Pranffo,  to  break  up,  allied  to  poffffw.) 

Heat,  like  light,  is  capable  of  being  refracted  when  it  passes  from  a  medium  of  one  density 
into  that  of  another — ^that  is,  the  rays  of  heat,  or  lines  in  which  the  motion  takes  place,  are 
diverted  from  their  course  on  entering  media,  which  vaiy  from  that  which  they  leave.  When  a 
convex  lens  is  held  in  front  of  a  source  of  light,  we  know  that  the  light  is  refracted  and  bronght 
to  a  focus  on  one  side  of  the  lens,  and  the  same  effect  takes  place  in  regard  to  heat,  as  is  most 
simply  shown  with  an  ordinary  burning-glass.  The  refraction  of  heat  was  well  known  to  the 
ancients.  Aristophanes  clearly  alludes  to  the  use  of  a  glass  lens  for  obtaining  fire  in  the  follow- 
ing passage  from  the  Nvibes : — 
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J5ireptiade»,  Ifdri  ira/>d  rMfi  ^pfMKor<S)KaLis  rfyf  "kiBop 
radrtiv  itapas,  r^v  KaX^,  n^v  dca^oj^, 
d^'  ^s  TO  rvp  AvTovn ; 
Socrates,  r^  OaXoF  \iyea} 

Strepsiadea,  (Fyciore. 
Socrates.  ^P«>  ^t  '^'  ^; 

Strepsiades.  el  ravnijv  Xa/Sc^, 

6ir6Te  ypd4>oiTo  Hj/y  5f mjv  6  ypafiparevSg 
aworrepv  eras  &de  Tpos  top  ffXiov 
ra  ypafJtfULT*  eicTTf^aifu  rris  ifxrjs  Suctft, 

Pliny  mentions  tliat  a  glass  globe  filled  with  water  was  sometimes  employed  for  concentrating 
the  ra^'s  of  the  smi,  and  itma  producing  fire ;  and  it  occasionally  happens  now-a-days  that  a 
house  is  set  on  fire  by  the  sun  shining  on  a  globe  of  gold-fish,  the  focus  of  the  concentrated  rays 
having  fallen  upon  muslin  curtains  or  other  inflammable  substance.  Lactantius  (6.  A.D.  250, 
d.  326),  in  his  treatise  De  ira  Dei,  states  that  fire  may  be  kindled  even  in  the  coldest  weather 
by  means  of  a  glass  globe  filled  with  water,  and  placed  in  the  rays  of  the  sun  : — *'  Orbem  vit- 
reum,"  he  writes,  "  plenum  aque  si  tenueris  in  sole^  de  lumina,  quod  ab  aqua  r^ulget,  ignis  ao- 
cenditur  etiam  in  durissimo  frigore/*  Ghmpowder  has  been  ignited  by  a  lens  of  ice ;  and  Buffon 
constructed  a  liquid  lens  of  considerable  power,  surpassed,  however,  by  the  great  alcohol  burn- 
ing glass  of  Bemi^res  and  Trudaine,  which  was  3I  feet  in  diameter. 

The  identity  of  the  mode  of  refraction  of  heat  and  light  is  well  illustrated  by  the  prism.  In 
1800,  Sir  William  Herschel  found  that  dark  heat  was  refracted  beyond  the  red  end  of  the  flpeo- 
trum ;  and,  more  recently,  Melloni,  by  using  a  prism  of  rock  salt  (which,  unlike  glass,  does  not 
absorb  dark  heat),  showed  the  refrangibility  of  heat  by  placing  the  thennopile  on  one  side  of 
the  source  of  heat>  and  bending  the  heat  rays,  so  to  speak,  unUl  they  fell  upon  the  face  of  the 
pile.    For  more  considerable  results  of  the  refrangibility  of  dark  heat  rays,  see  Calorescence. 

REFRACTION  OF  LIGHT.  When  a  ray  of  light  passes  obliquely  from  one  transparent 
medium  to  another  of  different  density,  such  as  from  air  to  glass,  from  glass  to  water,  &a,  it 
is  refracted  or  bent  out  of  its  original  course.  (See  Prism;  Lens;  Dupersum.)  Some  ciystals 
possess  the  property  of  double  refraction^  which  see. 

REFRACTION  OF  SOUND.  The  rapidity  with  which  sound  diverges  makes  it  very 
difficult  to  detect  its  concentration  by  refraction.  Sufficient  evidence  is,  however,  at  hand  to 
diow  that  refraction  does  take  place  when  sound  passes  from  one  medium  to  another  of  different 
density.  Thus,  if  a  lens-shaped  bag  of  collodion  be  filled  with  carbonic  add  gas,  and  a  watch 
be  placed  on  its  principal  axis  on  one  side  of  the  lens,  the  soimd  of  the  ticking  will  be  heard 
loudest  on  the  other  side  of  the  lens,  at  a  point  corresponding  with  the  optical  rocus  of  the  lens 
of  similar  shape  of  glass.  An  ear-trumpet  placed  about  this  spot  will  convey  a  louder  sound  to 
the  ear  than  when  placed  nearer  or  further  from  the  lens,  or  on  one  side  of  its  axis.  A  spheri* 
cal  bladder  of  carbonic  add  shows  the  same  effect  distinctly,  but  less  perfectly. 

REFRACTION,  POLARISATION  BT.    See  Polansaiion  Plane, 

REFRACTION  BY  PRISMS.    See  Prisms;  Spectroscope;  Aehromatie  Prism, 

REFRACTION,  UNUSUAL.  Under  this  name  Brewster  (Optics,  p.  255X  has  classed 
several  phenomena  of  refraction,  caused  by  light  passing  through  atmospheric  strata  of  different 
local  densities,  owing  to  local  heat  or  cold.  In  some  cases  at  sea^  an  inverted  image  of  a  ship 
is  seen  beneath  the  real  ship ;  and,  in  other  instances,  when  the  greater  part  of  a  ship  is  below 
the  horizon,  two  complete  images  of  the  ship  have  been  seen  above  it  in  the  air.  The  appear^ 
anoes  known  as  looming ,  mirage^  fata  morgana^  are  phenomena  of  unusual  refraction. 

REFRACTIVE  ENERGY,  SPECIFIC.  Gladstone  and  Dale  have  found  that  the  refrac- 
tive index  of  a  substance,  minus  unity,  multiplied  into  the  volume,  gives  veiy  nearly  a  constant 
product  at  different  temperatures.  This  product  is  called  the  specific  refractive  eneigy.  The 
specific  refractive  energy  of  a  mixture  is  tiie  mean  of  the  spedfio  refractive  energies  of  its  com- 
ponents.   (See  Btfraction  Equivalents,  Table  of.) 

REFRACTIVE  INDICES  OF  GASES. 


Name  of  Qas. 

Index  of  Bafiraetion. 

Ksme  of  Gas. 

Index  of  Beftaetion. 

Air, 

1*000294 

Cyanogen, 

1-000834 

Oxygen, 

I  '000272 

Marsh  Gas, 

1*0004 13 

Hydrogen,        • 

1*000138 

Hjdro-cyanlo  Add, 

1*000451 
I  •000385 

Nitrogen, 

I  -000300 

Anmionia^         . 

Chlorine, 

1*000772 

Phosgene, 

1*001159 

Hydro-chloric  Add, 

1*000449 

Sulphuretted  Hydrogen 

,        I  *ooc644 

Carbonie  Oxide, 

1*000340 

Sulphurous  Add, 

1*000665 

Carbonic  Add, 

1*000449 

Phosphuretted  Hydrog< 

in,     1 000789 
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REFRACTIVE  INDIOKS  OF  LIQUIDS. 

Name  of  liqnid. 

Index  of  Befrectlon 
for  mean  jellow  nj. 

Kame  of  liquid.              ^ 

Index  of  BcfraeUoB 
for  mean  jeIliO>ir  taj. 

Phosphorus  in  DiBiilphide  of  Car- 

Ether,        .           • 

.          I -358 

bon, 

I  -952 

Alum,  Sat.  SoL 

I  356 

DiBulphide  of  Carbon* 

1-678 

Water, 

I  33^ 

OU  of  Casaia, 

1-631 

Methylic  Alcohol,  . 

I  330 

Bitter  Almond  Oil, 

1603 

Iodide  of  Ethyl,     . 

1*500 

Nut  Oil,      . 

1-500 

Acetic  Acid,           • 

1-371 

Linseed  Oil* 

1-485 

Chlorofonn,            • 

1-446 

Rape  Oil,    •            • 

1-475 

Benzol,       .            • 

I  497 

OUveOil,    . 

1-470 

Nitro-benzol,          • 

I  546 

Oil  of  Turpentine,  . 

1 

1-470 

Aniline,      .            • 

1-578 

Oil  of  Lavender,     . 

1*457 

Glycerine,              • 

I  470 

Chloride  of  Sodium,  Sat  SoL      I  '575 

Nitro-glycerina^ 

I  475 

Alcohol,     .            . 

1-372           1 

Nicotin,      •           • 

I  523 

REFRACTIVE  INDICES  OF  SOLIDS. 

Solid  SubsUnca. 

Index  of  Refraction 
for  mean  yellow  117. 

Solid  Suhftanoiu 

Index  of  RefractiaB 
for  mean  jeHnw  xaj. 

Chromate  of  Lei^ 

• 

(250 
(2-97 

Rock  Salt,  . 
Sugar, 

1*545 
1*535 

Diamond,  •           • 

2*47 

Phosphoric  Add,    • 

1-534 

1 

•      1 2-75 

1*532 

Fhosphonu^            . 

» 

.       2-224 

Citric  Acid,            • 

•     ,  1-527 

Sulphur, 

Zircon,        .           , 

1 

2-115 

1-950 

Crown  Glassy 

J  1-525 
}  i'534 

Borate  of  Lead, 
Ruby, 

» 

1-866 
1*779 

Plate  Glass, 

.     1  ''5H 
(1-542 

Felspar, 

1-764 

Iceland  Spar,          • 

1-654 

Tourmaline, 

1-668 

Obsidian,    • 

1448 

Topaz, 

.        i*6io 

Borax,         •            • 

1-475 

Beryl, 

•        1-598 

■Alum,         •            • 

1-457 

Emerald,     • 

.        1-585 

Fluorspar,  •           • 

1-436 

Flint  Glass, 

1*575 

Ice,             •            • 

i-3»5 

Rock  Crystal, 

.       1*547 

Tabasheer,              • 

i-iii 

REFRACTIVE  POWER  OF  THE  ATMOSPHERE.  As  the  atmosphere  diminishes  in 
density  as  its  distance  from  the  earth  increases,  it  follows  that  rays  of  light  passing  diagonally 
through  it  are  bent  out  of  their  course.  This  bending  is  sufi&cient  to  cause  objects  whidi  are 
really  below  the  horizon  to  appear  above  it.  Owing  to  this  cause,  an  eclipse  of  the  moon  has 
been  seen  by  the  writer  when  both  the  sun  and  the  moon  were  visible  above  the  horizon.  The 
refraction  of  the  atmosphere  is  of  importance  in  astronomical  observations,  and  must  be  oar* 
rected  or  allowed  for.  When  there  are  layers  of  air  of  dififerent  temperatures  and  varying 
densities,  rising  and  falling  iitegularly,  refraction  takes  place,  which  interferes  with  distinct 
vision.    (See  Jiefraction.) 

REFRANGIBILITY.  {Re  and  franco,  to  bend.)  The  property  which  rays  of  Hght  and 
heat  possess  of  being  bent  out  of  a  straight  line  when  they  pass  from  one  medium  to  another  of 
different  density. 

REGELATION.  {JReydatio,  thawing.)  It  seems  probable  that  Faraday,  who  gave  this  name 
to  the  phenomenon  we  are  now  to  describe,  supposed  **  regdatio  "  to  signify  re-freezing.  When 
two  pieces  of  melting  ice  are  brought  into  contact  congelation  takes  place  when  they  touch. 
This  phenomenon,  first  noticed  by  Faraday,  is  called  rtgdatUm.  He  explained  it  on  this  wise. 
The  particles  at  the  surface  of  a  mass  of  ice  are  less  restrained  by  the  force  of  cohesion  than 
those  within  the  mass.  Thus  they  pass  easily  into  the  liquid  state,  and  accordingly  the  surface 
of  ice,  when  the  temperature  is  near  the  freezing  point,  becomes  moist.  Now,  when  two  pieces 
of  ice  in  this  condition  are  brought  into  contact,  those  particles  which  are  upon  the  surfaces 
brought  together,  are  placed  in  the  condition  of  particles  belonging  to  the  inside  of  a  mass  of 
ice,  and  being  thus  brought  m-^re  fully  than  before  under  the  influence  of  the  force  of  cohesion, 
pass  into  the  solid  state.  When  the  temperature  is  below  the  freezing  point  regelation  does 
not  take  place,  for  the  stirface  of  the  ice  continues  dry  at  such  temperatures. 

REGULATOR.      (Btgvlator^  from  regiUa,  a  rule  ;   regtdare,  to  adjust  by  rule.)    Any 
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oontrivanoe  for  securir^g  unifonn  motion  with  a  yariable  power  or  resistance  in  machines.  It  is 
frequently  the  case  that  one  or  more  of  the  elements  of  motion  are  essentially  variable,  as  the 
uncoiling  of  the  mainspring  or  the  descent  of  the  weight  in  timepieces,  the  action  of  the  con- 
necting-rod on  the  orank  in  the  steam-engine,  the  pressure  of  the  steam  in  the  cylinder,  fto. 
In  all  these  cases  unifonn  action  may  be  obtained  by  a  suitable  arrangement  of  the  machinery 
by  which  the  force  is  transmitted  to  its  point  of  application.  This  is  the  purpose  served  by  the 
contrivances  known  as  the  fusee,  pendulum,  fly-wheel,  governor,  for  which  see  articles  under 
those  headings ;  also  Rorol/Offy^  and  Engine. 

REGULUS.  (Little  king.)  The  star  a  in  the  constellation  Leo ;  called  also  Cor  LeonU,  the 
lion's  heart. 

BELATION  OF  MUSIC  AND  SOUND.    Seeffarmony;  Mdody;  MttdctdlntenaU, 

RELATIVE  PHOTOMETER.    See  Photometry. 

RELAY.    See  Tdegraph. 

RESIDUAL  GHARGK    See  Charge,  JResiduaL 

RESINS.  A  name  given  to  many  vegetable  substances  which  are  allied  physically,  although 
they  may  differ  chemic^y.  They  are  insoluble  in  water,  and  generally  soluble  in  alcohol  and 
essential  oils.  They  soften  or  melt  with  heat,  do  not  crystiJlise,  are  of  difierent  shades  of 
yellow  or  brown,  and  are  of  various  degrees  of  transparency.  They  are  of  considerable  com- 
mercial value  for  the  manufacture  of  soap,  varnish,  benzoic  add,  &c.  The  following  are  some 
of  the  principal  resins : — ^Benzoin,  dragon's  blood,  Peru  balsam,  storax,  Tolu  balsam,  gum 
anmioniacum,  amine,  asafoetida,  copaiba,  copal,  damma,,  elemi,  galbanum,  gamboge,  guaiacum, 
lac,  mastic,  myrrh,  oUbanum,  sandarach,  scammony,  turpentine.  The  following  are  fossil 
resins  : — Amber,  asphalt,  fossil  caoutchouc,  peat  resins,  pyroretin,  retin  asphalt,  tasmannite. 

RESISTANCE.  Any  force  which*  prevents  a  body  moving  when  other  forces  are  acting 
npon  it,  or  which  is  opposed  to  the  motion  of  the  body  when  it  moves.  Resistances,  such  as 
fnction,  the  rigidity  of  cords,  or  the  action  of  the  air  or  other  fluid  on  a  moving  body  which  are 
called  into  play  by  other  forces,  are  termed  passive  resistances.    (See  Action  and  Jleaction.) 

RESISTANCE  COILS.  In  measuring  the  electric  resistance  of  wires  it  is  necessary  to 
have  standards  of  resistance  of  known  and  various  magnitudes  wherewith  to  compare  it.  The 
standards  generally  used  in  this  country  are  coils  of  copper  or  German  silver  wire,  accurately 
cut  off,  so  that  the  resistance  of  each  is  a  multiple  of  the  British  Association  Unit  of  Electric 
Resistance.  (See  Units,  Electrical.)  For  convenience  they  are  generaUy  placed  in  a  box,  and 
joined  to  studs  of  brass  which  come  to  the  outside  of  the  box,  and  by  means  of  which  the  coils 
can  be  connected  together  so  that  the  current  may  be  sent  through  any  number  of  them  at 
pleasure ;  and  on  the  studs  are  marked  the  numbcars  which  represent  the  quantities  of  resist- 
ance  introduced  when  its  coil  is  thrown  into  the  circuit.  A  convenient  resistance  box  may 
contam  altogether  10,000  B.  A.  Units,  arranged  so  that  any  number  from  i  to  10,000  may  be 
introduced.  Thus  the  numbers  may  run  i,  2,  2,  5,  10,  20^  20,  50^  100^  200^  &a,  5000,  as  m  a 
decimal  system  of  weights. 

RESISTANCE,  UNITS  OF.    See  Units,  Electrical. 

RESISTANCE  OF  A  CONDUCTOR.  The  following  description  of  an  experiment  will 
explain  what  is  meant  by  the  resistance  of  a  conductor  : — Let  the  terminals  of  a  battery  be 
connected  with  a  tangent  galvanometer  (see  Gatvajunneter)  by  means  of  short,  thick  wires,  and 
let  the  deflection  be  noted.  Then  let  twenty  or  thirty  yards  of  moderately  fine  wire  be  intro- 
duced into  the  circuit,  so  that  the  current  shall  have  to  pass  through  it ;  it  will  be  found  that 
the  deflection  of  the  needle  is  very  much  diminished,  showing  that  the  quantity  of  electricity 
passing  is  smaller  than  before.  Now,  let  another  twenty  yards  of  wire  be  introduced,  the  cur- 
rent will  become  still  weaker.  On  removing  the  thin  wire  from  the  circuit,  and  again  con- 
necting the  battery  by  short,  thick  wires  with  the  galvanometer,  the  original  deflection  will  be 
obtained  if  the  battery  be  constant.  It  appears,  therefore,  that,  although  ibe  metallic  wire 
conducts  the  current,  nevertheless  the  introduction  of  a  long,  thin  wire  very  much  decreasea 
the  strength  of  the  current,  and  the  longer  the  wire  the  greater  this  diminution  ;  and  since  we 
know  that  the  strength  of  the  current  is  the  same  at  all  parts  of  the  dreuit,  and  that,  there- 
fore, the  phenomenon  does  not  arise  from  anything  of  the  nature  of  loss  by  the  way,  we  oonuder 
that  the  current  is  prevented  from  flowing  by  the  resistance  which  the  wire  offers  to  its 
passage. 

The  laws  of  electric  resistance  have  been  carefully  determined,  and  very  accurate  numerical 
results  have  been  obtained,  the  subject  being  of  the  very  highest  practical  as  well  as  theoretical 
importance.  It  is  found  that  by  using  wires  of  the  same  material  the  resistance  is  in  simple  pro- 
portion to  the  length — ^that  is,  a  wire  two  or  three  feet  long  gives  twice  or  thrice  the  resistance 
that  a  wire  one  foot  lone;  would  give  ;  under  similar  circumstances,  the  resistance  is  inversely 
pruportional  to  the  flection  of  the  wire— that  is^  the  greater  the  section  the  smaller  the  reiiBt- 
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ance,  and  the  finer  the  wire  the  greater  the  resistanoe.  Alao  the  realstanoe  depends  upon  Ifce 
material  of  which  the  wire  ia  made.  Beaistance  is,  in  fact^  want  of  conductivity.  We  have 
given  nnder  Conductor  numbers  expressing  the  conducting  power  of  metals.  The  foUtvsring  list 
by  E.  Becquerel  expresses  the  specific  retutance  of  metals,  the  resistanoe  of  copper  being  taJcen  as 
unity — ^that  is  to  say,  the  resistanoe  of  a  certain  length  of  pure  copper  wire  of  a  given  dUameter 
being  taken  as  unity,  the  following  numbers  express  the  resistsnoe  of  wires  having  tluit  dianotefcer ; — 

Besistancb  or  Metals.    Teicpsbaturb,  54**  F.  (12*2^  C.) 

Copper,           •           •           ix>                         Tin,     .           •           •  6*6 

Silver,              •            •            0*9                           Iron,    .            •            •  7-5 

Gold,               •           •            I'4                          Lead,  .           •           •  11*0 

Zinc,  •           •           .           37                          Platinum,       .           •  11 -3 

Mercury,  507  at  sf  P.  (iS'S*  C.) 

The  resistanoe  of  metals  is  very  much  altered  by  the  occurrence  of  the  slightest  imparity 
in  thom  ;  for  example,  the  resistance  of  pure  copper  wire  is  increased  by  25  per  cent, 
by  the  admixture  of  ^th  per  cent,  of  iron ;  and  a  very  minute  quantity  of  arsenic  may 
raise  it  as  much  as  50  or  60  per  cent.  Matthiessen  has  made  an  enormous  number 
of  determinations  of  conductivity,  and  has  published  the  results  in  the  Reports  of  the 
British  Association  Committee  on  Standards  of  Electrical  Besistance.  (See  B.  A.  Bepoits  from 
1862,  and  in  particular  those  of  1863  and  1864.)  Besistance  depends  also  on  the  molecolar  condi- 
tion of  the  wire  ;  thus  it  is  decreased  by  annealing  and  increased  by  hardening,  or  by  haminer* 
ing  or  twisting.  It  is  also  iniltienced  by  the  temperature  of  the  metal.  All  metals  lose 
conductivity — that  is,  increase  in  resistanoe— on  being  heated.  Between  32*  F.  (o**  C.)  and 
212°  F.  (loo**  C.)  some  metals  lose  as  much  as  30  per  cent,  of  their  conductivity. 

The  resistance  of  liquids,  with  the  exception  of  mercury,  is  in  all  cases  very  great  as  oom- 
pared  with  that  of  solid  conductors.  Under  Conduction  will  be  found  a  table  by  £.  Beoqnere]; 
comparing  the  conductivity  of  saturated  solutions  with  that  of  silver.  In  the  case  of  a  sato- 
rated  solution  of  chloride  of  sodium  (common  salt)  the  resistance  is  about  3,000,000  times  as 
great  as  that  of  silver ;  in  the  case  of  distilled  water  it  is  expressed  by  the  enormous  number 
7,000,000,000. 

In  expressing  resistances,  it  is  now  usual  to  state  them  in  terms  of  the  unit  of  electrical  re- 
sistanoe adopted  by  the  British  Association  for  the  Advancement  of  Science.  (See  I/nits^ 
EUctricaL )  Thus  to  state  the  electrical  conductivity  of  a  wire  or  a  specimen  of  metal  it  is  said 
that  its  resistance  is  so  many  B.  A.  units  per  gramme  per  metre  (or  per  grain  per  foot)— that 
is  to  say,  that  the  resistance  offered  by  a  wire  of  the  metal  in  question  one  gramme  in  weight 
and  one  metre  long  is  expressed  in  B.  A.  units  by  the  number  given. 

From  the  laws  we  have  laid  down  above,  and  the  numbers  we  have  given,  it  is  easy  to  cal- 
culate the  absolute  resistance  of  a  given  specimen  of  wire  of  any  material,  length,  and  diameter, 
knowing  that  one  mile  (5280  feet)  of  pure  copper  wire,  0*2302  of  an  inch  in  diameter,  has  a 
resistance  of  one  British  Association  unit.  For  if  B  express  the  resistance  in  B.  A.  unita^  I  the 
length  in  feet,  and  d  the  diameter  in  inches,  then  evidentiy 

»  =  -^  X  (?[:2302\»^  o-ooooioosei 

5280    ^     d    '  5" 

BESISTANCE  OF  GASES  TO  MOVING  BODIES.  It  is  found  by  experiment  tiiaft 
when  a  flat  surface  moves  through  the  air,  or  other  gas,  in  a  direction  perpendiciUar  to  the 
surface,  the  resistance  it  experiences  is  nearly  directiy  proportional  to  the  size  of  the  surface. 
For  surfaces  of  the  same  size,  the  resistance  is  found  to  vaiy  as  the  square  of  the  velocity. 
Hence,  when  a  body  falls  from  a  great  height,  so  that  in  vacuo  it  would  acquire  a  very  great 
velocity,  it  is  often  found  that  the  resistance  of  the  air  has  been  so  increased  by  the  velocity 
that  a  uniform  velocity  has  been  attained.  It  follows  also  that  in  falling  through  air  large 
bodies  will  fall  faster  than  smaller  ones  of  the  same  shape  and  of  the  same  materisd.  For  the 
mass  varies  as  the  cube,  while  the  surface  upun  which  the  air  exerts  its  resistance  only  varies 
as  the  square  of  the  linear  dimension ;  so  that  there  is  a  greater  ratio  between  the  two  in  the 
case  of  small  than  in  that  of  large  bodies.  For  the  same  reason,  a  sheet  of  paper  will  fall 
more  quickly  when  rolled  up  into  a  ball  than  when  extended.  In  the  former  case  the  sorfaoe 
of  resistance  is  the  horizontal  projection  of  the  paper  pellet. 

BESISTING  MEDIUM.     See  Medium^  Eesisting. 

BESOLUTION  OF  FOBCES.  {Resdverey  JUsoUUumy  from  re,  again ;  soltfere,  to  loosen.) 
The  operation  of  substituting  for  a  single  force  acting  upon  a  body  two  or  more  forces  which, 
conjointly,  shall  produce  the  same  effect  as  the  original  force.    (See  ParoMdogram  ofForcet.) 

BESOLYABLB  NEBULiE.    QeeNOula. 
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KESONANCE.  The  loudness  of  the  soimd  produced  bj  a  sounding  body  is  augmented  by 
bringing  the  body  into  the  neighbourhood  of  a  column  of  air  which  is  capable  of  vibrating  in 
unison  with  the  body.  Thus,  a  tuning  fork  which  makes  say  loo  complete  vibrations  in  a 
second,  is  held  over  a  wide  telescopic  tube  made  of  card-board,  and  open  at  both  ends,  the  sound 
of  the  fork  will  be  increased  when  the  telescopic  tube  has  a  certain  length,  and  then  only.  In 
the  instance  taken,  the  wave  length  of  the  note  is  V)A^  ^^^  or  1 1  feet  The  length  of  the 
column  of  air  which  gives,  as  a  fundamental  note,  the  note  corresponding  to  a  giv6n  wave 
length,  is  half  that  wave  length,  here  therefore,  5  ft.  6  in. ;  and  this  is  the  length  of  the  open 
tulM,  ike  air  in  which  resounds  to  the  note  of  the  fork.  If  the  tube  be  closed  at  one  end,  it  will 
have  to  be  half  this  length,  or  2  ft.  9  in.  A  tube  whose  length  is  any  simple  multiple  of  this 
length  will  also  augment  the  sound,  resounding  to  the  fork,  because  nodes  wUl  be  formed  in  it  in 
BU(£  a  manner  as  virtually  to  divide  it  into  segments.  The  tube  as  a  whole  wiU  no  longer  give 
its  fundamental  note,  but  an  octave  or  other  simple  harmonic  thereol  Instead  of  being  directly 
communicated  to  the  air  of  the  column,  the  vibrations  of  the  fork  may  be  communicated,  in  the 
first  instance,  to  a  solid.  Thus,  the  intensity  of  the  sound  of  a  fork  is  increased  by  screwing  it 
on  to  a  box  dosed  at  one  end,  whoee  length  is  \  the  wave  length  of  the  fundamental  note  of  the 
fork.  In  the  guitar,  violin,  &c.,  the  vibrations  of  the  string  are  communicated  through  the 
bridge  and  through  the  **  sound  column"  (a  pillar  connecting  the  back  and  front  of  the  instru- 
ment) to  the  air  in  the  inside.  The  irregular  form  of  the  instrument  offers  a  great  varieWof 
lengths  of  air  columns,  one  or  mora  of  which  resounds  to  every  note  of  the  strings.  The 
sounding  board  of  a  pianoforte  not  only  conveys  an  additional  amount  of  the  string's  vibrations 
to  the  air,  but  also  to  the  other  strings  which  are  thereby  set  in  motion  if  their  rates  of  vibration 
are  simply  commensurable  with  that  of  the  original  note.  The  hollow  of  the  mouth  acts  as  a 
resonance  chamber  for  the  augmentation  of  the  sounds  of  the  vocal  chords.  This  is  perceived 
on  noting  the  change  imoonsciously  produced  in  the  shape  of  the  mouth's  cavity  when  notes  of 
different  pitch  are  sung. 

BESPIRATION.  {Re^  again ;  and  sptro,  to  breathe.)  Under  the  heading  Animal  NutrUion, 
we  have  explained  how  the  food  after  digestion  and  absorption  into  the  circulation,  is  partially 
burnt  into  carbonic  add  and  water  by  the  action  of  the  oxygen  contained  in  the  atmosphere. 
Every  time  an  animal  inspires,  air  is  takqn  into  the  lungs,  where  it  is  exposed  to  an  enormous 
surface  of  blood-vessels,  by  which  it  is  chemically  absorbed,  producing  oxidation,  and  supplying 
the  necessary  amount  of  force  for  the  body.  This  action  is  called  respiration.  (See  also 
Animal  Heat ;  Foody  FunctionM  of,) 

RESULTANT.  (RetuJUare,  to  leap  back.)  A  term  applied  to  any  force  which  will  havB 
the  same  effect  as  two  or  more  given  forces.  (See  ParcHdogram  of  Foreea;  Paralld 
Forces.) 

RETICULUM.  (Abbreviated  from  ReUcidum  ShomJboidale,  the  Rhomboidal  Ket)  One  of 
Lacaille's  southern  constellations. 

RETINA.  {Reie,  a  net.)  The  innermost  coating  of  the  eye^  consisting  of  an  expansion  of 
the  optic  nerve  in  the  form  of  a  net.    (See  JSye,) 

RETORT.  [lUy  back ;  and  torqueo,  to  turn.)  A  vessel  in  whidi  a  sabstanoe  is  placed  for 
the  purpose  of  submitting  it  to  distillation. 

RETROGRADATION.  In  astronomy  the  apparent  motion  of  a  planet  in  a  direction  con- 
trail to  the  order  of  the  signs.  The  superior  pkmets  appear  to  move  rettogressively  when  they 
are  m  or  near  opposition,  Iwcause  the  earth  is  moving  more  quickly  forward,  and  so  seems  to 
leave  them  behind.  On  the  other  hand,  the  inferior  planets  appear  to  move  retrogressively 
when  they  are  in  or  near  inferior  conjunction,  because  they  are  then  between  ns  and  uie  centre 
'  of  motion. 

RETROGRADE.  (JZefn>,  badcwards ;  toidgradui,  a  step.)  The  motion  of  a  planet  in  m 
direction  contrary  to  the  order  of  the  signs. 

RETURN  STROKE.  When  a  thunder  dond  approaches  any  locality  all  the  ground  be- 
neath it  and  around  it  becomes  oppositely  charged,  owing  to  inductive  action  taking  place  be- 
tween the  cloud  and  the  earth ;  and  in  particular,  any  prominence,  such  as  a  tree,  or  a  man,  or 
animal  standing  out  on  a  plain,  sustains  this  inductive  charge  to  a  very  high  degree.  Suppose 
now  that  a  discharge  takes  place  between  the  cloud  and  the  sround  at  a  long  distance,  perhaps 
a  mUe  or  more  from  the  object  of  which  we  are  speaking,  suddenly  the  electridty  of  the  doud 
is  neutralised ;  the  dectridty  which  was  before  held  bomid  in  the  object  by  induction  becomes 
free,  and  rushes  bade  to  the  earth,  causing  a  violent  commotion  which  is  known  by  the  name  of 
the  return  stroke  or  hade  stroke.  The  effects,  though  not  so  powerful  as  those  of  the  discharge, 
are  yet  frequenUv  very  violent.  There  are  many  cases  in  which  men  and  ^»<T"«^i«  have  bMQ 
killed  by  it.  When  death  occurs  on  account  of  it,  there  is  never  any  wound,  bum,  or  inflam- 
mation, nor  are  the  effects  made  visible  by  any  spaik.    The  many  cases  in  which  people  an 
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thrown  down  uninjured,  and  suppose  themselTes  io  h»V6  been  struck  by  lightning,  are  erfdently 
due  to  the  return  stroke. 

It  may  be  felt  to  a  slight  degree  by  standing  dose  to  a  Winter's  machine  with  the  luge  Xing' 
on  the  prime  conductor,  while  sparki  are  being  drawn  from  it,  or  may  be  imitated  by  jilmrmg 
m  frog  near  to  it ;  at  each  passage  of  a  spark,  a  lively  commotion  is  felt. 

BEVERSAL  OF  SODIUM  SPECTRUM.    See  Fr<mnhqfer*s  Lines,  Artificial. 

BEVERSING  PRISM.    See  Bigia<LnffU  PrwfL 

BHEOMOTOR.    (^w,  to  flow.)    An  arrangement,  such  as  a  oeH  or  battery,  which  ffrem 
lise  to  an  electric  current.    The  name  dectromotor  is  more  frequently  used. 

RHEOSCOPK     (^w,  to  flow ;  SKowita,  to  see.)    An  instrument  for  detecting  the  ejoabenee 
of  an  electric  current. 

RHEOSTAT.    {pd<a,  to  flow ;  t<mffu,  to  place.)    An  instrument  inyented  by  Sir  Charles 
Wheatstone  for  potting  a  known  resiatance  into  a  galvanic  circuit  and  thus  regulating  the  cur- 
rent's strength.    It  is  used  in  making  measurements  of  electric  resistances.    Two  equal  ^Im- 
ders,  one  of  wood,  which  we  shall  call  A,  the  other  of  brass,  which  we  shall  call  B,  are  arraogied 
on  parallel  axes  side  by  side.    The  wooden  cylinder  A,  has  a  spiral  groove  cut  in  it,  and  a  long 
fine  copper  wire  is  arranged  between  them  so  that  on  turning  a  handle  it  is  wound  off  one  on  to 
the  other.    When  any  quantity  of  it  is  wound  on  to  A,  it  lies  in  the  spiral  groove,  and  thus  the 
coUs  are  insulated  from  each  other.     Any  portion  of  it  that  is  wound  on  B  is  in  contact  with 
the  metal  cylinder,  and  completely  iminsulated  one  part  from  the  other.    There  are  two  binding 
screws,  one  connected  with  each  end  of  the  wire.    If  the  instrument  be  put  into  a  galvanic 
drcoit,  any  given  quantity  of  the  resistance  of  the  wire  can,  with  readiness,  be  thrown  into  the 
circuit.     For  it  is  only  necessary  to  wind  the  required  amount  off  the  brass  cylinder  on  to  the 
wooden  one,  and  as  this  portion  of  wire  is  then  insulated,  each  part  from  every  other,  the  cur- 
rent has  to  traverse  it.    Arrived  at  the  end  of  it  the  current  comes  on  to  the  part  on  the  brass 
cylinder,  and  then  no  farther  resistance  is  offered,  and  the  current  proceeding  along  the  brass 
goes  at  onoe  to  the  binding  screw.    To  decrease  the  resistance  it  is  only  necessary  to  wind  wire 
off  the  wooden  cylinder  on  to  the  brass  one.    Ajl  index  is  attached  to  the  axis  of  the  wooden 
cylinder  to  tell  how  much  wire  is  wound  upon  it. 

BHEOTOME  ;  or  Cfurrent-Break.  (^oi,  to  flow ;  W/ii^w,  to  cut.)  A  piece  of  apparatus  used 
in  connection  with  arrangements  for  obtaining  induced  currents  to  produce  temporary  currents 
In  the  primary  wire.  There  are  several  forms  ;  a  very  simple  one  may  be  made  by  attaching 
one  of  the  battery  wires  to  a  common  rough  file,  and  then  drawing  the  other  along  the  teeth ; 
every  time  the  vrire  leaves  a  tooth,  the  current  is  stopped.  A  more  convenient  one  may  be 
made  by  attaching  one  wire  to  a  toothed  wheel  which  can  be  turned  with  a  handle,  and  the 
other  to  a  spring  which  touches  the  teeth ;  the  current,  as  before,  being  stopped  during  the 
passage  of  the  spring  from  one  tooth  to  another.  Other  forms  of  rheotome  which  belong  to 
particular  induction  arrangements  are  described  in  their  proper  places. 

RHODIUM,  {^odop,  a  rose. )  A  metal  occurring  in  very  small  quantities  in  platinum  ore,  it 
was  discovered  by  Wollaston  in  1804.  It  is  a  grayish-white  hard  metal,  scarcely  fusible  before 
the  oxyhydrogen  blowpipe.  Specific  gravity  12* I.  Atomic  weight  104.  Symbol  Rh.  It  is 
not  altered  by  exposure  to  air  or  moistiue,  but  at  a  red  heat  is  converted  into  oxide.  Its  com- 
pounds are  unimportant. 

RHOMB,  FKESNEL'S.  An  instrument  for  converting  plane  into  circularly  polarised  light. 
It  consists  of  a  parallelopiped  of  crown  glass  having  two  acute  angles  of  about  54**  and  two 
obtuse  angles  of  I26^  It  a  ray  of  plane  polarised  light  enters  perpendicularly  at  one  of  the 
ends,  it  suiOfers  double  reflection  from  the  two  interior  opposite  surfaces  and  emerges  at  the 
other  end  circularly  polarised.    (See  Pciarised  Light) 

RHUMBS.  The  nautical  name  for  the  thirty-two  points  of  the  compass.  (See  PciiiJU  qf 
the  Campa$8,) 

RIGEL.    (Arabic.)    The  star  j9  of  the  constellation  Orion.    A  noted  double  star. 

RIGHT-ANGLE  PRISM.  A  prism,  usually  of  glass,  the  section  of  which  at  right  angles 
to  the  axis  is  a  right-angle  triangle  ,*  the  two  sides  enclosing  the  right  angle  are  generally  of 
equal  length.  \Vlien  a  ray  of  l^ht  enters  one  of  the  sides  perpendioolarly  to  it,  it  suffers  total 
r^ection  from  the  interior  surfiice  of  the  hypothenuse  and  emerges  from  the  opposite  side,  the 
ray  being  bent  90*  from  its  original  path  without  suffering  refraction,  "^lien  the  ray  of  light 
enters  the  prism  parallel  to  the  hypothenuse,  it  is  refracted  to  that  surface,  then  totally  reflecied 
to  the  opposite  side,  and  is  again  refracted  on  emerging,  so  that  its  orig^mal  direction  is  pre> 
served,  and  as  the  two  refractions  neutralise  each  other,  there  is  no  dispersion.  Owing  to  the 
single  reflection  which  it  suffers,  the  pencil  of  light  is  inverted ;  and,  therefore,  objects  viewed 
through  a  reflecting  prism  in  this  direction  appear  in  their  right  places,  but  with  their  tides 
nvarwd.    Used  in  tiiis  manner,  a  zight-angle  prism  is  sometiu^  called  a  reverting  prism.   As 
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•I  the  reflection  is  total,  and  there  is  no  metalHc  surface  to  get  tarnished  or  injured,  right^ngle 

prisms  are  largely  used  in  philosophical  instruments  as  reflectors.    (See  Prigm,) 

k  RIGHT  ASCENSION.    See  Aseention,  Bight 

RIGHT-ASCENSION  CIRCLE.    See  Hour  Oirde. 

RIGHT-HANDED  AND  LEFTHANDED  POLARISATION.  If  a  sUoe  of  quartz  cut 
perpendicularly  to  the  axis  of  the  crystal  be  examined  in  the  polariscope,  no  black  cross  will  be 
seen,  as  in  the  case  of  calc  spar,  and,  on  rotating  the  analyser,  the  colouis  will  not  alternately 

1  appear  and  disappear,  but  there  will  be  apparent  a  system  of  rings,  with  a  coloured  disc  in  the 

centre,  which  pass  through  all  the  colours  of  the  spectrum.     If  the  analyser  has  to  be  turned 

p  towards  the  right,  so  as  to  cause  the  colours  to  succeed  each  other  in  their  natural  order — red, 

orange,  yellow,  green,  blue,  indigo,  violet — the  piece  of  quartz  is  called  right-handtd^  or  deactro- 

^  gyrate.     If,  however,  the  analyser  has  to  be  turned  from  right  to  left  to  obtain  the  natural 

le  Older  of  colours,  the  quartz  is  called  lefi-handed  or  lamhgyraU,  the  two  kinds  of  polarisation 

being  respectively  called  right-handed  circular  polarisation  and  left-handed  circular  polarisation. 
An  examination  of  the  crystalline  form  of  the  quartz  will  in  some  cases  show  whether  it  is 
dextro-  or  Isevo-gyrate.  Many  liquids  possess  this  property  of  circularly  polarising  light.  (See 
Circular  Polarisatum  of  Liquids  ;  Pdarited  Light.) 

RIGHT-HANDED  AND  LEFT-HANDED  TARTARIC  ACID.  A  method  of  sepazat- 
ing  these  two  bodies  has  been  published  by  M.  Gemez,  based  upon  the  phenomena  of  supersatu- 
ration.  He  finds  that  a  supersaturated  solution  of  left-handed  double  tartrate  of  soda 
and  ammonia  does  not  crystallue  in  contact  with  a  fragment  of  the  same  salt,  but  of  the  right- 
handed  variety,  and  vice  versa.  From  a  sapersaturated  solution  of  inactive  double  racemate  of 
soda  and  ammonia,  a  fragment  of  right-handed  crvstal  determines  only  the  precipitatioii  of 
right-handed  crystals ;  whilst  a  portion  of  the  same  liquid  in  contact  with  a  left-handed  crystal 
produces  a  deposit  of  the  left-handed  stJt. 

RIGIDITY.  (Lat.  rigidus,  stiff  or  numb  ;  Greek,  ^y^cf,  to  shudder  or  shiver  with  cold.) 
The  property  of  resisting  change  of  form,  the  opposite  to  flexibility.  Rigidity  is  expressed  by 
means  of  a  quantity  called  a  moduluUf  or  co-efficient  of  rigidity,  by  taking  the  ratio  of  the  inten- 
sity  of  a  given  stress  of  a  given  kind  to  the  strain,  or  alteration  of  figure  with  which  the  stress 
Is  accompanied.    Hence — 

Modulus  of  rigidity  s  intensity  of  stress  -r-  strain. 
The  strain  in  this  equation  is  expressed  as  a  quantity  by  dividing  the  alteration  of  tome 
dimension  of  the  body  by  the  original  length  of  that  dimension.  In  most  substances  whidi 
are  used  in  construction,  the  moduli  of  rigidity,  though  not  exactly  constant,  are  nearly 
constant  for  stresses  not  exceeding  the  proof  strength.  The  rigidity  of  ropes  plays  an  im- 
portant part  in  relation  to  the  work  of  Uie  machines  in  which  they  are  used,  especially  of  the 
wheel  and  axle,  and  the  pulley.  It  is  neoessary,  therefore,  in  machinery  to  be  able  to  esti- 
mate in  given  cases  the  extent  of  the  resistance  from  this  cause.  When  a  power  and  a  weight 
act  at  opposite  extremities  of  a  rope  passing  over  a  pulley,  the  friction  between  the  rope  and 
the  pulley  being  sufficient  to  cause  the  latter  to  rotate,  it  is  evident  that  the  rope  is  bent  into 
an  arc  In  consequence  of  the  resistance  offered  by  the  want  of  flexibility,  an  additional  force 
has  to  be  applied  to  make  the  pulley  revolve.  In  experimentally  determining  the  amoont  of 
resistance  due  to  rigidity,  not  only  the  radius  of  the  pulley  must  be  considered,  but  also  the 
radius  of  the  rope,  and  the  forces  aro  considered  to  act  along  the  axis  of  the  rope,  that  is,  at  a 
distance  from  the  centra  of  the  pulley  equal  to  half  the  sum  of  the  diameters  of  the  pulley  and 
the  rope.  This  is  called  the  effective  radius  of  the  pulley  or  drum.  By  actual  experiment  it  is 
found  that  one  portion  of  the  resiBtance  depends  solely  on  the  rope  itself,  and  another  portion 
is  related  to  the  intensity  of  the  weight  acting  on  the  pulley.  Again,  other  things  being  equal, 
the  resirtance  due  to  rigidity  is  greater  as  the  curvaturo  imparted  to  the  rope  increases.  The 
table  given  below  contains  the  results  of  Morin*s  calculations  from  Coulomb's  experiments,  and 
relates  to  the  following  rule  for  obtaining  the  resistance  offered  by  ropes  in  consequence  of  their 
rigidity  :— Multiply  B  by  the  weight  in  lbs.,  add  the  product  to  A ;  and  divide  the  sum  by  the 
effective  radius  of  the  pulley  in  inches,  the  quotient  gives  the  resistance  in  lbs.  Thus  when  the 
weight  is  500  lbs.,  and  a  new  dry  rope,  3  inches  in  circumference,  is  used  to  lift  it,  and  passed 
round  a  pulley  1 1  inches  in  diameter,  the  resistance  due  to  rigidity  is  30  lbs. ;  and  the  result  is 
the  same  as  if  530  lbs.  were  raised  over  a  puUey  of  12  inches  in  diameter  by  a  perfectly  flexible 
string.  It  will  be  seen  by  the  table  how  much  faster  the  resistance  due  to  rigidity  increases 
than  does  the  radius  of  the  rope  used  ;  also  that  the  resistance  is  less  for  tarred  ropes  (except 
very  thin  ones)  than  for  new  dry  ropes  of  the  same  radius.  When  a  rope  is  wouna  on  or  off  a 
dnun,  we  consider  the  rigidity  only  in  winding  on  the  drum ;  it  is  not  called  into  play  in  un- 
winding. For  investigations  of  this  subject,  see  Young's  Natural  PhUosophy^  vol  ii  p.  271, 
for  abs&act  of  Coulomb's  laboun,  and  Morin's  NoUon$  FondamentaUtf  pp.  316-332. 
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RlQIDITT  OF  BOPES. 
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35 
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45 

105-38 

0-706723 
0-872750 

80-08 
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0-80 

5 

x6o-a3 

lal'50 

0*722925 

RING  NEBULiE.    See  NebuUe. 

RING'S,  NEWTON'S.    See  NewUm*t  Ringt. 

RINGS  OF  SATURN.     See  Satum't  Ring$. 

RITCHIE'S  PHOTOMETER  This  photometer  is  somewhat  similar  to  Bunsen's.  I4ght 
from  each  source  is  reflected  upon  the  two  halves  of  a  sheet  of  oiled  paper,  and  the  lights  ax« 
moved  untU  the  Ulumination  of  each  half  appears  the  same.  The  intensities  are  then  as  *^^ 
squares  of  their  distances  from  the  oiled  paper. 

ROCHELLE  SALT.    See  Tartaric  AM. 

ROCK-CRYSTAL.     See  Quartz. 

ROCK-SALT.     See  Sodium,  CKUmde, 

ROSANILINE  ;  or,  AnUine  lUd.     See  AnUine. 

ROSEINE.     See  AnUine, 

ROTATION  OF  THE  EARTH.    Bee  Earth, 

ROTATORY  POLARISATION.     See  Ciradar  Polartsatum. 

ROTATORY  POWER,  SPECIFIC.     See  Specific  Rotatory  Power. 

RUBIDIUM.  (pv^iSos,  dark  red.)  A  metal  belonging  to  the  alkali  group,  occarring  ^tli 
cesium,  and  discovered  by  Bunsen  and  Kirchhoff  by  means  of  spectrum  analysis.  Its  spectrum 
contains  two  dark  red  lines  less  refrangible  than  the  line  A  of  the  solar  spectrum.  In  the 
metallic  state,  rubidium  is  very  similar  to  potassium.  Its  specific  gravity,  however,  is  1*52. 
Atomic  weight,  84*5.     Symbol,  Rb. 

RUBY.     See  Corundum. 

RUHMKORFF'S  COIL.     See  Inductum  CoiL 

RUMFORD'S  PHOTOMETER  This  photometer  Is  easfly  eztempotised.  A  ruler,  or 
even  the  finger,  equidistant  from  the  two  sources  of  light,  is  held  against  a  sheet  of  white  pi^ier, 
so  that  the  two  shadows  thrown  by  the  lights  are  dose  together.  The  daiker  shadow  being 
thrown  by  the  strongest  light,  the  distances  between  the  lights  sre  varied  until  the  shadows  are 
equal ;  their  intensities  are  then  to  each  other  as  the  squares  of  the  distances.   (See  Photometry.) 

RUTHENIUM.  A  very  rare  metallic  element  occurring  in  platinum  ore,  and  somewhat 
resembling  rhodium,  but  even  more  infusible.  Specific  gravity,  11*4.  Atomic  weight,  I'Q4. 
Symbol,  Ru.  Its  compounds  are  unimportant. 

RUTILE.    See  Titanium;  Dioxide 


SACCHARIC  ACID.  An  add  produced  by  the  action  of  nitric  add  on  sugar.  Formula, 
C^HioOe.  It  is  not  crystallisabie,  is  deliquescent,  readily  soluble  in  water  and  alcohol,  and 
forms  crystalline  salts  with  banes. 

SACCHAROMETER,  OPTICAL.  (caKxap,  sweet ;  and  /icr/»^w,  to  measure.)  An  instni- 
ment  for  determining  the  amount  of  cane  sugar  in  a  liquid,  depending  on  the  phenomena  of 
polarised  light.  (See  Circular  Polarisation  of  Liquid*;  Riyht-handed  and  Left-handed  PoUmn- 
turn.)  It  consists  of  a  polariscope  so  arranged  that  a  tube  about  ten  inches  long,  closed  at  each 
end  with  a  plate  of  glass,  may  l^  interposed  between  the  polariser  and  analyser  in  such  a  man- 
ner that  the  whole  column  of  liquid  may  be  traversed  by  the  ray  of  light.  A  solution  of  sugar 
or  cane  juice,  the  strength  of  which  it  is  desired  to  estimate,  is  decolourised,  when  necessary,  by 
animal  charcoal,  and  introduced  into  the  tube.  The  analyser  having  been  turned  until  the 
fidd  is  black,  and  the  index  attached  to  it  is  at  zero,  the  introduction  of  the  sugar  solution  will 
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cause  colour  to  be  visible  ;  the  analyser  is  then  rotated  until  a  certain  standard  tint  is  produced. 
The  angle  of  rotation  is  then  compared  with  the  angle  through  which  the  analyser  has  to  be 
ttimed  to  produce  the  same  effect  when  a  solution  of  perfectly  pure  cane  sugar  of  known  strength 
18  eziumined  in  the  tube.  As  the  determination  of  the  standard  tint  is  a  matter  of  some  little 
difficulty  at  first,  the  device  is  employed  of  interposing  a  red  glass,  coloured  with  oidde  of  copper, 
which  only  allows  the  red  rays  to  pass.  On  rotating  the  analyser,  the  field  now  becomes  alteiv 
nately  red  and  black,  owing  to  the  other  colours  being  imable  to  pass  through  the  glass.  All 
that  is  necessary  now  is  to  measure  the  angle  through  which  the  analyser  has  to  be  turned  to 
bring  this  red  ray  into  the  field.  Pure  cane  sugar  is  strongly  right-handed,  whilst  the  unctys- 
tallisable  sugar  obtained  by  the  alteration  of  cane  sugar  by  heat,  or  the  action  of  acids,  is  left- 
handed.  In  sugar  refining  it  is  of  the  utmost  importance  to  prevent  the  cane  sugar  being 
changed  by  too  long  boiling,  or  by  the  accidental  presence  of  an  add,  and  the  optical  saccharometer 
lias  been  found  of  value  by  giving  timely  warning  of  the  approach  of  injury  from  these  causes. 
In  practice  the  instrument  has  many  refiuements  and  modifications,  tending  to  simplify  the  ob- 
servations, and  make  tliem  more  accurate.  One  of  the  forms  of  saccharometer  now  most  in 
use  is  that  devised  by  Soleil,  and  improved  by  Duboscq ;  it  is  not,  however,  an  altogether  satis* 
factoiy  instrument.  (Qee  Polarised  Light;  Polariicope;  Circular  Polarigatum,) 
SADALMELIK.  (Arabic.)  The  star  a  of  the  constellation  Aquarius. 
SADALSUND.  (Arabic.)  The  star  j3  of  the  constellation  Aquarius. 
SAFETY  LAMP.     See  Lamp,  Safety, 

SAFETY  VALVE.  In  the  steam-engine  an  apparatus  to  secure  the  escape  of  the  steam 
when  it  exceeds  a  certain  pressure.  It  usually  consists  of  a  plug,  fitting  the  top  of  a  short  tube 
opening  into  the  boiler,  which  is  attached  to  a  lever.  The  other  end  of  the  lever  is  pulled  down 
either  by  a  weight  or  by  a  spring.  The  pressure  on  the  valve  may  be  varied  by  moving  the 
weight  aloDg  the  lever,  or  by  screwing  down  the  sfMring.  When  the  steam  in  the  boiler  exceeds 
the  pressure  exerted  by  the  lever  the  valve  rises,  and  the  steam  escapes.  Frequently  the  valve 
is  conical,  and  is  fitted  into  the  top  of  a  steam  dome  fixed  on  to  the  boiler.  Frequently  in 
stationary  engines,  and  always  in  locomotives,  there  are  two  safety  valves,  one  under  the  con- 
trol of  the  engineer,  and  the  other  entirely  endosed.    (See  Steam-Engine.) 

SAGITTA.  (The  arrow.)  One  of  Ptolemy's  northern  constellations.  It  is  the  least  of  all 
the  ancient  constellations. 

Sagittarius.  (The  archer.)  a  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about 
November  22d,  and  leaves  it  on  about  December  21st.  The  constellation  Sagittarius  occupies 
the  zodiacal  space  corresponding  to  the  sign  Caprioomus.  It  is  represented  under  the  figure 
of  a  centaur,  bearing  a  bow,  and  about  to  shoot. 

SAINT  MARTIN'S  SUMMER.  The  name  popularly  given  to  that  mild  damp  season  which 
commonly  prevails  from  November  till  about  Christmas  time.    It  is  due  to  the  prevalence  of 
south-westerly  winds. 
SAL  AMMONIAC.    See  Ammmiumj  Chloride  of, 

SALICIN.  An  organic  substance  contained  in  the  bark  of  the  willow.  It  fonns  white 
oystalline  tables,  soluble  in  water  and  alcohol.  Formula  C^H^Oj.  It  is  decomposed  when 
heated  above  200**  C.  (392'  F.) 

SALICYLIC  ACID.  An  organic  acid  whidi  exists  ready  formed  in  some  plants  (in  the 
flowers  of  the  Spirtea  Ulmaria,  for  instance),  and  may  be  prepared  artificially  by  the  oxidation 
of  salicin ;  it  dissolves  in  water,  and  crystallises  easily  in  lai^  fonr«ided  prisms,  which  melt  at 
150"  C.  (302*  F.),  and  sublime  at  about  200**  C.  (392**  F.),  without  decomposition.  It  unites 
with  bases,  forming  a  well  crystallised  series  of  salts  called  taUcylates, 
SAL  FRUNELLiE.    See  Nitrate$;  NitraJU  of  Potattium, 

SALT.  This  term  was  originally  applied  to  chloride  of  sodium,  or  common  salt.  As 
chemistry  advanced  it  was  seen  that  other  substances  were  strictly  analogous  in  composition, 
Ac.  to  chloride  of  sodium,  such  as  sulphate  of  soda,  and  nitrate  of  potash,  and  they  were  there- 
fore called  salts.  A  little  further  progress  of  chemistry  led  to  the  definition  of  a  salt  as  a 
neutral  substance,  formed  by  the  union  of  an  add  and  a  base.  But  this  definition,  although  it 
'  applied  perfectly  to  sulphate  of  soda,  which  is  made  by  neutralising  sulphuric  add  with  the  base 
soda^  would  not  apply  to  chloride  of  sodium,  which  contains  neither  add  nor  base,  but  only  the 
two  elements  chlorine  and  sodium.  The  incongruity  of  refusing  the  title  of  salt  to  chloride  of 
sodium  soon  led  to  another  theory  of  salts,  the  theory  that  a  salt  consists  of  an  electro-negative 
body  with  an  dectro-positive  body,  the  first  class  being  haloid  salts,  and  the  second  dasB 
being  amphid  salts.  (See  Haloid,)  After  discussion  however  showed  that  this  distinction 
was  somewhat  arbitrary  and  unnecessary,  and  the  binary  theory  was  introduced,  by  which  the 
two  classes  were  fused  into  one,  and  all  sidts  were  supposed  to  be  built  up  on  the  typo  of  chlo- 
ride of  sodium,  sulphate  of  soda  being  supposed  to  consist  of  sodium  tmd  a  hypothetical  radical 
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oontuning  sulphur  and  oxygen,  analogotui  to  chlnrine.  This  theoiy  now  appears  to  ha^vne  gtma 
the  way  of  the  others,  and  chemists  have  no  good  definition  of  the  term  aaU,  acid,  or  base,  Tlie 
fact  appears  to  be  that  these  terms  are  convenient  in  ordinary  chemical  language,  and  are^  -with 
few  exceptions,  perfectly  well  understood  by  chemists,  but  the  finer  distinctions  between  either 
of  them,  and  some  other  substances  which  have  no  daim  to  these  titles^  cannot  be  aocuratelj 
defined,  and  until  this  is  done,  a  scientific  definition  which  shall  meet  all  cases,  and  admit  of  no 
exceptions,  is  an  impossibility.  Like  the  colours  of  the  spectrum,  it  is  easy  to  say  that  one  is 
red  and  another  yellow,  but  it  is  impossible  to  give  such  an  accurate  definition  of  theM»  tenns 
as  will  enable  any  one  to  say  where  one  ends  and  another  begins. 

SALT,  COMMON.    See  Sodium  Chloride, 

SALTPETRE.    See  NUrata,  Nitrate  of  Potauium. 

SAMIEL.    The  Turkish  name  for  the  tiroceo  {q.v,) 

SANDARACA.     See  ArterUe,  Sv^phidee  of. 

SAPONIFICATION.  Originally  this  term  was  employed  to  express  the  decomposition  of 
fats,  under  the  influence  of  alkalies,  into  glycerin  and  a  fatty  add  wldch  uniting  with  the 
alkali  formed  soap.  It  is  now  extended  to  sJl  analogous  actions  in  organic  chemistry.  (See  also 
Soap,) 

SAPPHIRE.    See  Corundum,  and  Alvminium, 

SATELLITES.  {Satdlet,  an  attendant.)  The  name  given  to  those  secondary  bodies  -whidi 
revolve  around  some  of  the  planets.  The  elements  of  the  known  satellites  will  be  found  under 
ihehatA  dements,  and  further  information  under  the  heads  Moon;  Lunar  Theory;  Jupiter; 
Saitum,  &c. ;  NAula/r  ffypothetis,  ftc 

The  relation  of  the  satellites  to  the  solar  system  is,  in  some  respects,  peculiar.  Our  own 
moon,  perhaps,  more  nearlv  resembles  the  primary  orbs,  than  do  any  of  the  other  satellite^ 
since  she  is,  at  least,  sufficiently  masdve,  solid,  and  substantial.  But  if  we  are  to  accept  the 
present  estimates  of  the  density  and  mass  of  Jupiter's  satellites,  we  cannot  but  regard  these 
bodies  as  differing  very  remarkably  in  structure  from  Mars  or  Mercury,  Venus  or  the  earth,  or 
even  from  the  less  substantial,  though  more  massive  fabric  of  their  primary  and  his  fellow 
giants.  One  of  them  has  a  mean  density  only  one-ninth  of  that  of  water,  or  less  than  half  that 
of  cork,  while  even  the  densest  has  a  specific  gravity  of  only  0*396,  that  of  water  being  taken 
as  unity.  It  will  be  seen  under  head  Slementt,  that  the  planets  of  lightest  substanoe  are  jet 
far  more  substantial  than  this.  We  know  nothing  as  to  the  density  of  Saturn's  satellites ;  but 
it  is  not  unreasonable  to  condude  that  they  are  related  to  their  primary  in  much  the  same  way 
as  the  satellites  of  Jupiter  to  theirs. 

It  has  been  supposed,  from  observations  made  by  Sir  127.  Herschd,  that  the  satellites  of 
Jupiter  keep  always  the  same  face  turned  towards  their  primary ;  but  modem  obeervationa 
renider  this  view  more  than  doubtful 

SATURATION.  In  chenustry,  a  liquid  is  said  to  be  saturated  with  a  solid,  liquid,  or  gas 
which  it  is  capable  of  dissolving,  when  it  has  taken  np  as  much  as  possible.  An  add  is  said  to 
be  saturated  when  a  sufficient  amount  of  base  is  added  to  it,  to  form  a  neutral  salt  and  tiee 
versa  in  the  case  of  a  base.    (See  also  Solution  ;  Supersaturation,) 

SATURATION.  In  meteorology,  the  air  is  said  to  be  saturated  with  aqueous  vapour  when 
no  more  vapour  can  be  added  without  condensation  taking  place.  At  a  given  temperature,  the 
air  will  retain  a  definite  quantity  of  aqueous  vapour  in  l£e  invisible  form,  the  quantity  beug 
independent  of  the  density  of  the  air,  and  in  fact  the  same— space  for  space— as  though  there 
were  no  air.  With  increase  of  temperature  the  quantity  of  aqueous  vapour  which  can  be  re- 
tained in  the  invisible  form  increases,  but  not  in  the  same  proportion.  The  following  table 
(abbreviated  from  Mr.  Glaisher's  Hygrometric  tables)  shows  the  elastic  force  of  vapour  (measured 
by  the  height  of  mercury  it  would  support)  corresponding  to  different  temperatures  from  o**  to 
80**  Fahrenheit :— 


Temp. 

Force  of 
Vapour. 

Tamp. 
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Vapour. 
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0-247 
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Inch, 
0-518 
o'ox7 

till 

x'oaj 

It  will  be  seen  that  the  inoreaae  of  force  takes  place  at  a  greater  rate  than  tho  incresN  ol 
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temperatare.    For  instance,  the  tension  is  increased  by  0*042  as  we  pass  from  o*  to  15*,  while 
the  next  i$*  of  temperature  add  o'oSi  to  the  tension  ;  the  next  0*132  ;  the  next  0*219 1  '^^  ^  o^ 

From  this  peculiarity  a  most  important  consequence  flows.  If  two  saturated  masses  cf  air  at 
different  temperatures  are  combined,  the  resulting  mass  will  be  over^aturated.  Suppose,  for 
instance,  that  the  masses  are  eqaal  and  that  tiie  temperatures  are  f"  and  (t+itf)**  the 
tension  of  saturation  at  temperature  t*  being  e,  and  the  tension  at  temperature  {t  +  (')"  being 
e+^.  Then  we  know  by  what  has  just  been  shown  that  the  tension  at  temperature  {t  +  2t'f 
will  be  greater  than  e+2^.  Say  it  is  «  +  2^+2^.  Then  when  the  masses  of  air  are  mixed 
wehayeforthe  mixture  a  temperature  of  t+f,  while  the  tension  of  the  total  quantity  of 
aqueous  vapour  which  the  double  mass  is  called  upon  to  retain  is  4  [«+  (e+2e'+2^)],  that  is 
(«+^+0*  ^^^  A  temperature  of  ^+f',  corresponds,  by  our  supposition,  to  a  tension  of  (e+e') 
therefore  the  portion  corresponding  to  the  surplus  tension  ^  wiU  be  condensed. 

Under  heads  Bain,  Cloudy  &c.,  it  will  be  seen  that  this  principle  has  an  important  bearing  on 
meteorological  phenomena. 

SATURATION  OF  A  MAGNET,  POINT  OF.  In  magnetising  steel  bars  with  power- 
ful magnets,  or  by  means  of  an  electric  current,  it  is  found  possible  to  communicate  to  the  bar 
an  intensity  greater  than  it  is  capable  of  permanently  retaining ;  and  thbi  excess  of  magnetisa- 
tion, as  it  may  be  called,  is  gradually  lost  till  a  certain  limit  is  attained  which  depends  entirely 
upon  the  molecular  condition  of  the  bar.  Thus  for  the  same  bar,  the  limiting  point  is  higher 
or  lower  according  as  the  bar  is  more  or  less  hardly  tempered,  more  or  less  hammered,  twisted, 
and  so  on.  The  bar  when  magnetised  up  to  this  point  or  to  any  point  below  it  retains  its- 
intensity  with  great  constancy.  This  limit  is  called  the  point  of  $aturaHon  of  the  magnet,  and 
the  magnet  when  magnetised  up  to  that  point,  is  said  to  be  »aturcUed  or  marpietiKd  to  so^um- 
tion.  It  may  easily  be  determined  whether  a  newly  magnetised  bar  is  above  its  point  of  satura- 
tion by  withdrawing  from  it  its  keeper  once  or  twice  and  noticing  whether  it  has  lost  magnetism. 
If  it  1)0  over-magnetised,  at  each  withdrawal  it  will  lose  intensity,  and  by  repeated  withdrawals 
it  may  quickly  be  reduced  to  the  point  of  saturation.  To  find  whether  it  is  below  the  point,  it 
is  only  necessary  to  increase  its  magnetLsation  and  observe  as  before  whether  it  will  retain  more 
than  it  had.    (See  also  Magnet,) 

SATURN.  In  astronomy  the  sixth  planet  in  order  of  distance  from  the  sun,  the  second  of 
the  family  of  major  planets  circling  outside  the  zone  of  asteroids,  and  the  planet  which  of  all 
others  presents  the  most  remarkable  and  complicated  structure.  Saturn's  mean  distance  from 
the  sun  is  872, 137,000  miles ;  his  greatest  920,973,000 ;  his  least  823,301,000.  Since  the  earth's 
mean  distance  is  91,430,000  miles,  his  distance  from  us  varies  from  about  1,012,000,000  to 
about  732,000,000  miles.  The  eccentricity  of  his  orbit  is  considerable,  being  0*055996.  In  fact 
the  centre  of  his  orbit  lies  midway  between  the  earth's  orbit  and  the  sun.  His  orbit  is  inclined 
2*  29'  28"  to  the  plane  of  the  ecliptic.  In  magnitude  Saturn  surpasses  all  the  members  of  the 
solar  system  except  Jupiter.  His  equatorial  diameter  is  about  70,150  miles,  his  polar  about 
•i^ths  less,  so  that  his  compression  is  very  easily  recognised  with  a  good  telescope.  In  volume 
Saturn  exceeds  the  earth  no  less  than  696*7  times  ;  but  his  density  being  only  0*13  (the  earth's 
as  I ),  his  mass  only  exceeds  hers  89*7  times.  He  is  far  inferior  to  Jupiter  in  mass,  but  even 
more  markedly  surpasses  all  other  planets,  since  the  combined  mass  of  Uranus  and  Neptune, 
which  oome  next  to  him  in  weight,  falls  short  of  one-third  of  his  mass.  Like  Jupiter  he 
rotates  very  rapidly  on  his  axis,  the  length  of  his  day  being  about  loi  of  our  hours.  His 
equator  is  inclined  nearly  27  degrees  to  the  plane  of  his  orbit. 

Saturn  is  attended  by  eight  satellites,  and  is  besides  adorned  by  a  mtem  of  rings  ;  so  that 
his  system  far  surpasses  t£»t  of  Jupiter  in  architectural  richness.  His  satellites  differ  yetj 
much  amongst  themselves  in  magnitude,  the  largest,  Titan,  being  probably  larger  than  any  of 
Jupiter's  satellites,  while  the  smallest  is  probably  less  than  a  sixtieth  part  of  our  own  moon  in 
volume.  The  observation  of  these  satellites  has  not  the  same  interest  for  astronomers  as  the 
study  of  Jupiter's  satellites,  because  they  are  not  seen  readily  enough  to  be  of  use  in  determining 
terrratrial  longitudes,  nor  indeed  would  they  be  suitable  for  the  purpose,  as  they  are  very 
seldom  eclipsed  or  occulted  by  Saturn. 

The  rings  of  Saturn  are  among  the  most  remarkable  objects  ^diioh  the  heavens  present  to  our 
study.  They  were  first  recognised  as  rings  by  Huyghens  in  1659,  but  Galileo  had  nearly  fifty 
years  before  detected  the  remarkable  chai^^es  of  appearance  presented  by  the  Satumian  system 
as  the  orbital  motion  of  Saturn  causes  the  rings  to  be  presented  in  varying  directions  towards 
the  observer  on  our  earth.  Galileo  had  first  imagined  that  Saturn  is  triple,  the  ring  as  seen  in 
his  imperfect  telescope  seeming  to  show  two  livge  satellites,  one  on  either  side  of  Saturn* 
Finding  some  time  afterwazds  that  no  trace  of  these  imagined  satellites  remained,  be  was 
greatly  perplexed.  He  afterwards  watched  the  planet's  changes  of  appearance,  accumulating  a 
fuffident  number  of  observationB  to  have  removed  his  difficulty  had  he  carefully  stndied  their 
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significanoe.  HevelluB  in  like  maimer  paid  great  attention  to  the  varying  aspect  of  Satm 
without  reasoning  out  its  meaning.  After  Huyghens'  cUsooYery  of  the  leal  nature  of  the  ap- 
pendage, many  observers  examined  Satium  with  dose  scrutiny,  and  before  long  the  txrotliecs 
Sail  detected  a  dark  division  going  completely  round  the  ring-system,  and  apparently  dividing 
the  appendage  into  two  distinct  rings.  Cassini  confirmed  this  discovezy  (indeed,  to  him  is  nsnaSy 
assigned  the  credit  of  having  made  it) ;  and  later  Sir  William  Herechel  very  carefully  re-examiiied 
the  matter,  and  by  showing  that  the  dark  marking  can  be  seen  on  both  sides  of  the  ling^yBteaa, 
and  apparently  in  an  unchanged  position,  he  proved  that  there  really  is  a  division.  He  abo 
detected  signs  of  rotation,  in  the  ring-system  Uiough  as  Mr.  Webb  has  pointed  out  the  evidsnoe 
on  which  tiie  rotation  period  assigned  to  the  rings  by  Herschel  actually  rests,  is  sufficiently 
meagre  and  unsatisfactory.  In  1848  Bond  and  I)awes  independently  detected  a  dark  ring 
within  the  bright  rings.  This  ring  has  at  times  been  seen  divided ;  and  several  divisions  have 
from  time  to  time  been  seen  in  the  bright  rings,  though  one  only  which  divides  the  outer  bright 
zing  into  two  nearly  equal  rings  seems  permanent.  For  the  various  theories  which  have  beoi 
formed  respecting  the  rings,  see  Saturn's  Rings. 

The  body  of  Saturn  is  marked  like  that  of  Jupiter  by  dark  belts,  somewhat  fainter  than 
Jupiter's,  as  might  be  expected  from  their  greater  distance,  but  disposed  like  his  in  a  symmetrica] 
manner  with  respect  to  Saturn's  axis  of  rotation.    (See  Belts,) 

A  singular  circumstance  has  been  noticed  by  Sir  William  Herschel  which  deserves  motf 
attention  than  it  has  received.  The  disc  of  Saturn  does  not  always  present  an  elliptical  shspe^ 
but  is  sometimes  seen  with  two  greater  diameters,  intersecting  and  having  their  extremities  in 
about  45  deflfrees  of  Saturuian  latitude.  This  appearance  has  been  called  Satnm's  **sqnai«- 
shouldered '  aspect.  Sir  William  Herschel  was  very  confident  that  it  was  no  illusion  which 
made  him  assign  to  the  planet  so  abnormal  a  figure.  Nor  was  any  peculiarity  of  his  telesoopo 
in  question  since  he  noticed  the  same  appearance  with  two  different  telescopes.  Other  observera 
also  have  noticed  a  similar  appearance,  amongst  them  the  Bonds  of  America,  Coolidge,  Airy, 
and  other  practised  astronomers.  On  the  other  hand,  careful  measiurements  by  Main  and 
Bessel  prove  that  the  planet's  normal  figure  at  any  rate  is  spheroidal  It  is  difficult  to  consider 
observations  made  by  such  skilful  astronomers  as  erroneous,  nor  is  it  easy  to  uaderstand  how 
any  optical  illusion  can  explain  so  strange  an  appearance.  Mr.  Webb  has  ascribed  to  the  pre- 
sent writer  a  theory  explaining  the  peculiarity  as  an  optical  one ;  but  as  a  matter  of  fact  that 
theory  was  only  suggested  to  be  immediately  rejected.  So  far  as  observation  has  yet  gone  there 
seems  no  escape  from  the  conclusion  that  the  globe  of  Saturn  is  subject  to  changes  of  shape  of  a 
most  remarkable  character,  and  indicating  ei^er  the  action  of  forces  of  upheaval  or  the  forma- 
tion and  precipitation  of  cloud  masses  at  an  enormous  elevation  in  the  Satumian  atmosphere. 
In  either  case  an  amount  of  energy  is  indicated  which  far  surpasses  the  action  which  can  fairfy 
be  ascribed  to  the  sun's  influence  upon  so  distant  a  planet. 

SATURN'S  BINGrS.  An  account  of  the  discovery  of  these  wonderful  structures  is  given 
under  the  head  Saturn,    The  principal  elements  of  the  rings  are  as  follows : — 

Longitude  of  ascending  node  of  ring  on  the  ediptic,      .        •        .        •    167**  43'  30^ 

IncUnation  of  ring^s  plane  to  the  ecliptic, 28   10  22 

Annual  precession  of  rising  node  of  ring's  plane  on  the  ecliptic,  or  annual 

precession  of  the  vernal  equinox  of  Saturn's  northern  hemisphere,  •  3*I4S* 

Complete  revolution  of  either  equinox  in  years,      •        •        •        .        •  412,^0 

Exterior  diameter  of  the  outer  ring  in  miles,           •        •        •        •        •  166,920 

Interior  diameter  of  the  outer  ring  in  miles, 147,670 

Exterior  diameter  of  the  inner  ring  in  mileS| 144,310 

Interior  diameter  of  the  inner  ring  in  miles, 109,100 

Interior  diameter  of  the  dark  ring, •        •  9i>78o 

Breadth  of  the  outer  bright  ring, 91^25 

Breadth  of  the  division  between  the  rings,      ..••••  1,680 

Breadth  of  the  inner  bright  ring,    • 17i6o5 

Breadth  of  the  dark  ring,        .«...••••  8,660 

Breadth  of  the  system  of  bright  rings, .  28,910 

Breadth  of  the  entire  system  of  rings, 37}570 

Space  between  the  planet  and  the  inner  edge  of  diurk  ring,     .        .        •  10,322 

Since  the  time  of  their  discovery  the  rings  of  Saturn  have  been  made  the  subject  of  much 
speculation.  Their  unique  character,  the  magnificent  scale  on  which  they  are  constructed,  and 
their  apparent  stability  in  so  strange  a  relation  to  the  globe  of  Saturn,  have  suggested  a  variety 
of  strange  fancies  respecting  them.  Maupertius,  for  instance,  supposed  that  a  comet  passing 
near  Saturn  had  been  attracted  by  the  plaiiet  and  forced  into  the  figure  of  a  ring.    Buffon  sop- 
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posed  that  the  equatorial  parts  of  Saturn  had  onoe  extended  as  far  as  the  outer  boundaty  of  the 
ringf  and  that  while  the  rest  of  the  planet's  material  had  contracted  into  the  globe  now  actualljl 
presented  by  the  planet,  these  old  equatorial  limits  had  been  maintained  unchanged  where  the 
xiug  is  seen.  Another  theory  put  forward  by  the  younger  Cassini  has  lately  beeh  successfully 
established  by  the  united  labours  of  Bond,  Pierce,  and  Maxwell,  as  the  true  theory  of  the  ring^ 
constitution.  Cassini  supposed  that  the  rings  consist  of  a  mxdtitude  of  minute  satellites 
travelling  in  independent  orbits  around  Saturn.  It  need  hardly  be  said  that  although  this 
liypothesis  has  been  shown  to  be  well  founded,  we  must  assign  the  full  credit  of  the  discovery, 
not  to  Cassini,  who  put  forward  the  hypothesis,  but  to  the  astronomers  above  named  who  have 
demonstrated  it. 

The  problem  of  determining  how  far  a  ring-system  such  as  Saturn's  could  be  supposed  capable 
o£  remaining  in  equilibrium,  assuming  its  component  parts  to  be  solid,  about  a  globe  like 
8atum*8,  exercising  mighty  attractive  influences  on  every  part  of  the  system,  was  di«nissed  to- 
-waids  the  dose  of  the  last  century  by  the  eminent  French  mathematician  Laplace.    He  suo- 
oeeded  in  demonstrating  that  a  uniform  ring  could  not  remain  in  equilibrium  under  such  dr- 
ciimstances,  but  suggested  the  possibility  that  a  ring  weighted  in  some  way  along  one  part  of 
its  circumference  might  continue  to  rotate  for  an  indefinite  period,  under  conditions  somewhat 
resembling  those  which  affect  the  motions  of  an  independent  satellite.     In  this  state  the 
problem  remained  until  the  discovery  of  the  inner  dark  ring  suggested  the  re-examination  of 
the  conditions  of  stability  with  special  reference  to  the  case  of  a  fluid  ring.     Bond  (one  of  the 
discoverers  of  the  dark  ring)  and  Pierce,  both  of  America,  dealt  with  this  problem,  the  latter 
also  considering  the  problem  as  deidt  with  by  Laplace,  and  showing  that  for  stability  the  ring 
fnrstem,  if  solid,  must  be  divided  Into  a  very  large  number  of  concentric  rings.     The  subject  (S 
tae  stability  of  such  a  system  as  the  Saturnian,  regarded  either  as  formed  of  continuous  rings, 
solid  or  fluid,  of  rings  of  discrete  bodies,  or  of  a  combination  of  discrete  masses  with  fluid  or 
vaporous  portions,  was  proposed  as  the  subject  for  the  Adams  prize  in  1857  by  the  University 
of  Cambridge.    The  prize  was  awarded  to  Professor  Maxwell,  who  contributed  a  masterly 
essay  in  which  the  question  may  be  considered  to  have  been  finally  disposed  of.    He  showed 
that  even  though  a  narrow  ring,  weighted  along  one  part  of  its  circumference,  were  so  placed  in 
rotation  around  Saturn  as  to  continue  for  a  time  undestroved,  yet  that,  before  long,  disturbances 
such  as  we  know  affect  the  rings  of  Saturn,  must  inevitably  cause  the  destruction  of  the  ring. 
Still  more,  therefore,  must  we  regard  the  existence  of  a  complicated  family  of  such  rings  as 
absolutely  impossible,  let  the  figure  assigned  to  the  several  rings  be  what  it  may.    Professor 
Maxwell  further  showed  that  continuous  fluid  rings  would  be  broken  up  into  fluid  satellites 
under  the  influence  of  the  perturbations  to  which  they  would  be  subjected.    Dealing  finally 
-with  the  case  of  a  ring  of  discrete  bodies  or  minute  satellites.  Professor  MaxweU  showed  con- 
clusively that  though  such  rings  would  be  subject  to  changes  of  figure  and  disposition,  yet  these 
changes  would  not  affect  the  permanence  of  the  rings ;  that  under  certain  conditions,  far  from 
improbable,  such  changes  would  proceed  very  slowly  indeed  ;  and  finallv,  that  such  changes  as 
might  be  expected  to  take  place  would  not  be  different  from  those  which,  according  to  the  best 
obMrvations,  seem  actually  to  be  taking  place  within  the  ring-system. 

Thus  has  the  perplexing  problem  presented  by  the  Saturnian  ring-system  been  finally  dis- 
posed of,  in  the  opinion  at  least  of  all  who  are  competent  to  weigh  Uie  significance  of  the 
mathematical  processes  involved  in  the  research.     But  what  the  actual  constitution  of  this 
system  may  be ;  what  the  orders  of  satellites  forming  it ;  whether  they  are  mixed  up  amongst 
(or  surrounded  by)  vaporous  masses,  or  are  some  of  them  in  part  or  wholly  fluid  or  vaporoos^ 
remains  as  yet  undetermined. 
SCALES,  TH£RMOM£TRIC.    See  Tkermomder. 
SCHEDIR.    (Arabic.)    The  star  a  of  the  constellation  Caadopeia. 
SCHEHALLIEN  EXPERIMENT.    Qee  Earth, 
.      SCH  WEINFURT  GREEN.    See  Aeetata  ;  AceUnirteniU  of  Copper. 

SCINTILLATION.  {ScintUla^  a  spark.)  The  act  of  emitting  srarks  or  sparkling,  applied 
to  the  twinkling  appearance  of  the  fix^  stars.  Mr.  A.  Claudet  {Phil.  Mag.^  No.  175)  has 
thrown  some  light  upon  this  subject  bv  an  instrument  which  he  caUs  the  ehromatotcope.  He 
attributes  the  beautiful  sparkling,  and  dianging  colours,  eidubited  by  certain  stars  on  a  clear 
night,  to  the  evolution  in  different  desrees  of  swiftness  of  the  various  coloured  rays  they  emit. 
These  rays  are  supposed  to  divide  dunng  their  long  and  rapid  course  through  space,  and  we  see 
them  foUowinff  tioi  other  in  quick  succesdon,  but  so  rapidly,  that  although  we  see  distinctly 
the  various  colours,  we  cannot  iudge  of  the  separate  lengths  of  their  duration.  Mr.  Claudet  a 
instrument  consiBts  of  a  reflecting  tdescope,  part  of  which  is  caused  to  rotate  eccentrically  in 
sodi  a  manner  that,  instead  of  a  point,  a  rinff4Uce  image  of  the  star  is  seen.  The  rapidity  of 
xotatloii  la  adjusted  ao  that  eadi  separate  ooloar  given  by  tha  itar  la  drawn  oat  into  a  large 
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•egment  of  tiie  zio;,  and  in  that  manner  the  light  from  the  star  can  be  analysed,  as  i 
troeoope. 

SCLEROTIC  COAT.    {irxXifpos,  hard.)    The  outer  coating  of  the  eye  ;  tbB  white  of 
eje.    (See  J^e.) 

SCREW.  A  variety  of  the  inclined  plane.  It  maybe  considered  as  an  Indrnftd 
wound  round  a  cylinder,  comparable  to  a  winding  inclined  road  round  a  steep  hill,  makinf 
gradual  ascent.  The  projecting  coils  are  termed  the  threads  of  the  screw,  and  they  may  he 
either  square  or  triangular.  The  distsnoe  between  the  upper  edge  of  one  thread,  and  the 
respondmg  edge  of  the  next,  measured  on  a  line  parallel  to  the  axis,  ia  called  tike  ditjana 
tween  the  threadt.  The  screw  is  usually  connected  with  a  concave  cylinder  or  nmt,  on  1 
interior  surface  of  which  a  spiral  cavity  is  cut,  corresponding  exactly  to  the  thread  of  the 
which  moves  in  it.  When  a  weight  is  supported  by  a  screw,  the  condition  of  equilihcnim  v 
found  on  the  principle  of  the  inddned  pluie.  (See  IncUned  Plane.)  Suppose  a  w^eight  sa^ 
ported  by  a  force  applied  at  the  circumference  of  a  screw  in  a  direction  perpendicular  to  a  ploe 
through  the  axis.  If  we  suppose  the  surface  of  one  thread  of  the  screw  cut  horizontaUy  aad 
unrolled,  we  shall  obtain  an  inclined  plane  in  which  a  weight  is  supported  by  a  force  panJVl  tB 
the  base.  Consequently,  the  condition  of  equilibrium  is,  that  the  power  shall  be  to  tlie 
as  the  height  of  the  plane  to  its  base,  or  as  the  distance  between  the  threads  to  the 
ference  of  the  cylinder. 

The  screw  is  usually  used  with  a  lever  inserted  into  the  top  of  the  screw.  Its  length  a 
reckoned  from  the  axis  of  the  cylinder,  and  its  separate  mechanical  advantage  is  its  length 
divided  by  the  radius  of  the  cylinder.  But  it  is  easily  proved  that  if  we  know  the  length  of  tha 
lever  it  is  notnecessaiy  to  know  the  circumference  of  the  cylinder,  but  that  the  power  is  to 
the  weight  supported  as  the  distance  between  the  thread  is  to  the  circumference  of  the  drda 
described  by  the  power.  Consequently,  the  mechanical  effect  of  the  screw  is  increased  eitfas 
by  lengthening  the  arm  of  the  lever  or  by  diminishing  the  distance  between  the  threads  ;  but 
the  latter  cannot  be  performed  beyond  a  certain  limit  without  making  the  threads  too  weak  to 
bear  the  strain  upon  them. 

The  spiral  curve  formed  on  the  cylinder,  by  supposing  the  threads  to  be  reduced  to  a  simple 
line,  ii  cidled  a  helix. 

The  form  of  the  screw  mav  be  very  varied.  The  nut  may  be  moveable  and  the  screw  fixed, 
or  the  screw  moveable  and  the  nut  fixed,  ftc.  The  screw  is  commonly  used  to  exert  pressoxe^ 
as  in  the  screw>press.    (See  DifferaUiaL  Screw;  Endlett  Screw,) 

SCREW,  ARCHIMEDEAN.    See  Archimedean  Screw, 

SCORPIO.  (The  Scorpion.)  A  sign  of  the  zodiac.  The  gun  enters  this  sign  on  aboot 
October  23d,  and  leaves  it  on  about  November  22d.  The  constellation  Scoipio  occupies  the 
sodiacal  region  corresponding  to  the  sign  Sagittarius.  This  constellation  is  one  of  the  ridiest 
in  the  heavens.  The  brilliant  red  star  Antares  is  its  chief  orb,  but  many  conspicuous  stars  are 
spread  over  its  extent.  Antares  is  a  double  star.  It  had  long  been  noticed  that  during  the 
scintillations  of  this  star  a  singularly  well  marked  green  tint  became  from  time  to  time  pec^ 
ceptible,  and  the  idea  was  suggested  that  there  might  be  a  minute  green  companion  to  the 
ruddy  Antares  ;  but  astronomers  did  not  readily  succeed  in  detecting  it.  At  length,  how- 
ever, Mitchell,  using  the  fine  refractor  of  the  Cincinnatti  Observatory,  recognised  a  small  green 
star  near  Antares.  Any  doubt  which  might  have  existed  as  to  the  reality  of  the  green  colour 
of  this  companion  was  removed  by  an  obKrvation  made  by  Mr.  Dawes  during  the  occultatioii 
of  Antares.  He  found  that  when  the  primary  was  alone  concealed  the  small  star  retained  its 
colour.     The  constellation  contains  many  other  objects  of  interest. 

SCORPIUS.  A  name  by  which  the  constellation  Scorpio  is  conveniently  designated  whea 
there  is  occasion  to  refer  to  any  stais  belonging  to  it.  Thus  Antares  is  called  Alpha  Soorpii, 
not  Alpha  Scorpionis. 

SCULPTOR.  (Abbreviated  from  Apparatus  Sculptoritu,  the  Sculptor's  EaseL)  One  of 
Lacaille's  southern  constellations. 

SEA,  INFLUENCE  OF,  ON  CLIMATE.    See  Oimate. 

SEA  SALT.     See  Sodium,  Chloride. 

SEASONS.  The  name  given  to  those  four  divisions  of  the  year  which  correspond  to  the 
sun's  apparent  motion  from  the  winter  solstice  to  the  vernal  equinox  (winter),  thence  to  the 
summer  solstice  (spring),  thence  to  the  autumnal  equinox  (summer),  and  thence  to  the  winter 
solstice  again  (autumn).  As  these  motions  of  the  sun  are  caused  by  a  real  motion  of  the  earth, 
we  have,  in  explaining  the  seasons,  to  consider  the  earth's  position  and  motions.  We  find  tiie 
cause  of  the  seasons  in  the  relation  between  the  earth's  axial  position  and  the  position  of  her 
orbit-plane.  Tbe  axis  is  inclined  to  this  plane  at  an  angle  of  about  664**  (see  OhUquiiy  cf  t&e 
Sdipke),  and  retains  its  position  while  the  earth  completes  her  circuit,  so  that  if  one  could 
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look  down  upon  the  earth  from  a  point  at  an  indefinite  height  above  the  plane  of  the  ecliptic, 
one  would  see  the  visible  pole  always  bearing  in  the  same  direction,  with  respect  to  the  centre 
of  the  earth.  It  is  clear  then  that  as  the  earth  trayels  round  the  sun,  thu  pole  so  viewed 
would  continually  change  its  bearing  with  respect  to  the  sun,  at  precisely  the  same  rate  as  the 
earth's  centre  does.  When  the  pole  so  viewed  seems  to  bear  directly  towards  the  sun,  it  is 
summer  for  the  visible  hemisphere.  A  quarter  of  a  revolution  further  on,  the  pole  would  bear 
neither  towards  nor  from  the  sun ;  then  all  the  days  and  nights  are  equal,  and  it  is  autumn ; 
a  quarter  of  a  revolution  later  the  pole  bears  directly  from  the  sun,  and  it  is  winter ;  and, 
lastly,  yet  a  quarter  of  a  revolution  later  the  pole  bears  neither  from  nor  towards  the  sun,  and 
it  is  spring.  It  need  hardly  be  said  that,  where  the  pole  has  here  been  said  to  bear  apparently 
direcuy  towards  the  sun,  the  real  inclination  has  been  but  234" — the  complement^  tlukt  is»  A 
the  inclination  of  the  earth's  axis  to  the  ecliptic. 

SECONDARY  COIL.    See  CoU,  Primary. 

8ECUNDA  GIEDI.    (Latin  and  Arabic.)    The  star  a^  of  the  constellation  Capzioomiis. 

SECONDARY  AND  PRIMARY  RAINBOW.    See  Eainhaw. 

SELECTIVE  ABSORPTION  OF  HEAT.    See  AbdorpUon  of  ffeat. 

SELENITE.    See  Sulphates;  Calcium^ 

SELENIUM.  {XeX-fynf,  the  moon.)  A  non-metallic  element  much  resembling  sulphur, 
dlsoovored  by  Berzelius  in  1817.  It  forms  a  brittle,  glassy  mass  of  a  deep  brown  colour,  and  a 
aemi-metallic  lustre.  Specific  gravity  4'3.  At  the  boiling  point  of  water  it  softens,  and  melts 
at  a  little  higher  temperature.  It  boils  below  a  red  heat,  evolving  a  deep  orangeK»loiired 
-vapour  which  condenses  as  a  scarlet  powder,  or  in  black  fused  drops  according  to  the  tempera- 
ture of  the  receiver.  Like  sulphur,  selenium  forms  several  allotropic  modifications.  Atomic 
"Weight  79*5.  Symbol  Se.  Selenium  unites  with  oxygen  in  two  proportions  forming  a  dioxide 
(SeO^)  and  a  trioxide  (SeOg) ;  the  latter  is  only  known  in  combination.  ^  These  are  analogous  to 
the  corresponding  oxides  of  sulphur,  and  are  called  idenious  and  tdmic  aeid».  They  each  form 
&  well*defin6d  series  of  wWltii 

SELENIURETTED  HYDROGEN.  (SeH,.)  A  gaseous  compound  of  selenium  and 
hydrogen,  possessing  an  intensely  disgusting  smell,  and  veiy  poisonous.  When  passed  through 
xnetalhc  solutions  it  precipitates  most  of  the  heavy  metids  as  telenidcB,  In  its  physical  and 
chemical  properties  it  is  strictly  analagous  to  the  corresponding  sulphur  compound,  sulphuietted 
hjdrogpn,  or  hydro-sulpl^uric  add  (which  see). 

SELENOGRAPHY.  (ZeXi^j  the  moon,  and  ypd^,  to  delineate.)  The  art  of  pictormg  or 
describing  Uie  face  of  the  moon.  We  owe  to  Cassini,  Schroter,  Lohxinann,  Beer  and  Ma£er, 
Schmidt,  and  others,  the  principal  maps  or  drawings  of  the  moon.  In  Webb's  Celestial  Objects 
an  excellent  account  and  a  very  convenient  map  of  the  moon  will  be  found.  Recently  Mr.  Birt 
has  paid  great  attention  to  lunar  phenomenal 

SENSITIVE  FLAMES.  This  name  is  given  to  flames  of  gas  which  under  certain  con- 
ditions evince  a  wonderful  susceptibility  to  the  influence  of  sonorous  vibrations.  They  were 
discovered  in  1865,  in  which  year  Barrett  noticed  that  a  shrill  and  prolonged  note  had  a  curious 
effect  on  a  tall  and  slender  gas  flame  that  was  burning  from  a  tapering  jet.  Under  the 
influence  of  the  sound  the  flame,  which  was  about  14  inches  long,  shortened  itself  several  inches; 
at  the  same  time  the  upper  part  spread  out  sideways  into  a  flat  flame,  which  gave  an  increased 
amount  of  light  from  the  more  perfect  combustion  of  the  gas.  Less  strongly  the  same  effect 
took  place  when  a  high  note  was  sounded  even  40  or  50  feet  away.  This  singular  phenomenon 
Banett  made  the  starting  point  of  an  investigation,  in  which  he  "  succeeded  in  finding  some  of 
the  conditions  of  its  success,  and  so  exalting  the  action  that  the  flame  moved  at  the  slightest 
noise."  In  connection  with  this  discovery  it  is  to  be  noticed  that  mechanics  have  often  had 
occasion  to  observe  that  the  large  bats-wing  gas-flames  in  their  workshops  became  disturbed  and 
thrust  out  little  tongues  of  flame  when  the  noise  of  the  work  happened  to  be  sustained  and 
shrill.  A  similar  obKrvation  to  this  had,  it  appears,  been  published  some  years  ago  in  America 
by  Leconte,  who  had  remarked  that  during  a  concert  certain  of  the  gas-flames  in  the  room 
"exhibited  pulsations  in  height,  which  were  especially  conspicuous  when  the  strong  notes  of  the 
violoncello  came  in."  To  Le(M)ote  is  further  due  the  happy  and  important  observation  that  the 
flames  did  not  jump  untU  the  pressure  of  the  gas  caused  them  to  be  near  flaring.  Tyndall  next 
took  up  the  subject,  and  having  Ini^y  added  to  its  interest  and  importance,  made  the  first 
publicatiim  of  the  discovety  at  a  FrkUi^y  evening  lecture  at  the  Royal  Institution  in  January 
1867. 

In  Older  to  obtain  a  sensitive  flame  attention  b  necsssaiy  to  two  things : — ^The  shape  of  the 
burner  whence  the  eas  issues,  and  the  pressure  urging  the  flow  of  sas.  The  former  will  be 
described  directly,  the  latter  should  be  as  great  as  possible  short  of  making  the  gas  to  flare. 
Any  combustible  gas  inH  answear  the  purpose,  bat  ooal  gas  is  the  rMdiest  and  most  suitable^ 
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henoe  it  is  assomed  as  that  employed.  If  a  piece  of  glass  tabing  be  drawn  ont  to  a  fifnsf 
orifice,  about  one-sixteenth  of  an  inch  in  diameter,  and  the  orifice  snipped  or  filed  into  a  sii^s|f 
V  shaped  aperture,  such  a  burner  will  yield  a  moderately  sensitive  fiame  when  attached  to  d* 
ordinary  gas  mains.  The  best  time  to  experiment  is  at  dusk  when  the  preaanze  of  the  gv  ■ 
generally  at  its  maximum.  The  souna  of  a  whistle  or  the  higher  notes  cf  any  mnU 
instrument  causes  the  flame  to  shrink  down  to  half  its  height  and  spread  ont  lateraUy  Kfa> »  tt- 
taii  flame,  but  immediately  reooyering  itself  the  moment  tiie  soimd  has  ceased.  Some  samm^ 
experiments  dependent  on  this  ohanffe  in  the  luminosity  and  aspect  of  the  flame  at  once  n^f^ 
themselves.  When  burning  in  a  darkened  room  small  print  may  be  read  at  a  '*»TtTiirft  fam 
the  flame,  only  when  the  flune  is  whistled  to  ;  or  gun  cotton  may  be  placed  near  the  flame  ad 
at  the  sound  of  the  proper  note  the  flame  wiil  cUveige  and  ignite  the  cotton  or  fire  a  caauu 
Barrett  has  applied  such  a  flame  to  the  construction  of  an  instrument  which  rings  an  decfirk 
bell  at  the  least  noise,  and  which  may  be  turned  to  practical  use  in  the  detection  of  burghn. 
or  revealing  the  approach  of  any  shrill  noise.  The  instrument  consists  of  two  upright  htm 
rods  fixed  to  a  little  stand  at  a  distance  of  some  three  inches  apart  Attached  at  right  ai^ 
to  the  summit  of  one  rod  is  a  compound  metallic  ribbon,  consisting  of  thin  layers  of  silver,  ga^ 
and  platinum  welded  together.  This  arrangement,  as  is  well  loiown,  expands  nneqnaOy  \f 
heat ;  so  doing  it  swerves  aside  and  is  thus  brought  into  contact  with  a  platiniun  terminal  {■&' 
jecting  from  the  top  of  the  second  brass  rod.  Connected  with  the  two  xxxls  is  a  cell  of  ai 
electric  battery,  and  associated  with  which  is  an  electric  belL  The  bell  immediately  rings  vfca 
the  electric  circuit  is  complete,  but  under  ordinaiy  circumstances  a  gap  of  about  half  an  iask  is 
left  between  the  metallic  ribbon  and  the  platinimi  tonninaL  In  front  of  the  two  npr^ht  ndi 
and  close  to  the  metallic  ribbon  a  sensitive  flame  is  caused  to  bum.  By  the  divergence  of  tia 
flame,  under  the  influence  of  a  high  note,  the  metallic  ribbon  is  heated ;  it  swerves  aaide^  sai 
coming  in  contact  with  the  platinum  point  closes  the  little  gap  in  the  electric  circoit  TUb 
ringing  of  the  electric  bell,  may-be  miles  away,  announces  the  fact  almost  simattaaeoosly  w^ 
the  utterance  of  the  sound  which  affected  the  flame. 

A  still  more  sensitive  flame  may  be  obtained  by  uiging  cool  gas  firom  a  gaa-bag;  or  better  a 
gas-holder,  and  allowing  the  gas  merely  to  issue  from  a  tapering  jet.  The  best  jet  for  tis 
purpose  is  made  of  steatite  and  similar  to  what  is  used  for  **  jet  photometers."  By  canhiSij 
increasing  the  pressure  of  the  gas  until  the  flame  is  just  short  of  roaring,  and  allowing  a  perfeettf 
free  passage  of  the  gas  to  the  burner,  a  flame  may  be  obtained  fully  twenty  inches  high  if  the  sor> 
rounding  air  be  pernsctly  stiU.  The  least  noise  or  the  faintest  sibilant,  knocks  the  flame  down 
more  than  a  foot ;  the  moment  the  sound  ceases  the  flame  promptly  recovers  itself.  Tlie  beA 
sized  orifice  for  the  burner  is  one  that  just  admits  No.  19  wire,  or  O'046  inch  in  diameter,  and  the 
pressure  of  the  gas  required  is  about  equal  to  3i  inches  of  water.  The  extraordinaiy  sensitive^ 
ness  of  such  a  flame  may  be  judged  from  the  fact  that  it  beats  strongly  in  time  to  the  ticldng  flf 
a  watch  held  near  it,  and  that  it  responds  to  the  chink  of  small  coins  shaken  a  hundred  feet 
away. 

In  a  lecture,  delivered  before  the  Boyal  Dublin  Society,  Barrett  has  shown  the  vahie  of  such 
a  flame  as  a  delicate  phonoscope,  Plachig,  for  example,  a  watch  in  the  focus  of  one  paraboilie 
mirror  and  a  sensitive  flame  in  the  focus  of  another  distant  minor,  the  reflection  and  cunver' 
gence  of  soxmd  is  seen  by  the  regpilar  beating  of  the  flame  to  every  tick  of  the  watch,  an  effect 
which  inmiediately  ceases  when  the  flame  is  displaced  from  the  focus  by  being  brought  nearer 
the  watch.  Other  laws  of  acoustics,  such  as  the  fact  that  a  body — a  bell,  for  example — ^wbea 
sounding  is  divided  into  ventral  segments  separated  by  intervals  of  rest,  may  be  readily  shown 
by  a  sensitive  flame ;  also  the  refraction  and  interference  of  sound  waves  may  be  illustrated  to 
a  large  audience  by  the  same  agency. 

TUs  remarkable  chan^  in  the  aspect  of  a  sensitive  flame  is  wrought  solely  by  the  effect  of 
sonorous  vibrations,  and  is  not  at  all  due  to  the  impact  of  pu&  of  air  whidi  may  have 
attended  the  production  of  the  sound.  The  particles  of  air,  if  ever  so  violently  displaced,  ooold 
not  struggle  onward  through  the  entangled  barrier  produced  by  their  surrounding  fellows,  and 
could  they  possibly  reach  the  flame  their  impact  would  be  incompetent  to  produce  an  effect  so 
strange  and  sure.  Hence  this  effect  is  solely  caused  by  the  wave-like  to  and  fro  motion  by 
which  sound  is  propagated  from  place  to  place.  It  is  the  product  of  translated  footum^  not  of 
translated  matter. 

Now,  the  question  arises.  What  is  the  cause  of  this  phenomena  9  In  the  first  place,  it  must  be 
borne  in  mind  that  a  sensitive  flame  is  a  flame  on  the  point  of  roaring,  and  thereby  on  the  brink 
of  changing  its  aspect.  In  the  words  of  Professor  Tjmdall,  **it  stands  on  the  edge  of  a  preci- 
pice. The  proper  sound  pushes  it  over.  It  shortens  when  a  whistle  sounds,  exactly  as  it  did 
when  the  pressure  was  in  excess.  The  action  reminds  one  of  the  story  of  the  Swiss  muleteen 
who  are  said  to  tie  up  their  bells  at  certain  places  lest  the  tinkle  should  bring  an  atvlanche 
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down.  The  snow  mnst  be  very  delicately  poised  before  tliis  wonld  occur.  I  believe  it  never 
did  occur,  but  our  flame  illustrates  the  principle.  We  bring  it  to  the  verge  of  falling,  and  the 
sonorous  pulses  precipitate  what  was  already  imminent."  A  fuller  explanation  has  been  proposed 
1>y  Barrett  in  the  PhiloK^Ucal  Magasine  for  April  1867.  A  roaring  flame  is  shown  by  meana 
ox  a  moving  mirror  to  be  a  flame  in  a  state  of  vibration ;  so  also  is  a  sensitive  flame  when 
influenced  by  a  sound.  Now,  suppose  a  gas  flame  to  be  very  near  its  sensitive  point,  that  is,  if 
the  gas  ripples  a  little  faster  through  the  orifice  the  flame  will  change  its  shape  and  be  thrown 
into  a  state  of  vibration.  Increasing  the  pressure  of  the  gas  an  iSmost  imperceptible  amotmt 
will  produce  such  an  effect,  and  so  also  certain  vibrations  acting  on  the  gas  become  equivalent 
to  an  increase  of  pressure  in  the  holder.  Hence  a  sensitive  flame  is  the  analogue  of  a  resonant 
column  of  air.  Both  are  caused  insensibly  to  vibrate  at  any  note,  but  when  the  pitch  of  the 
note  accords  with  the  normal  rate  of  vibration  of  the  flame  or  the  air,  then  the  name  visibly, 
and  the  column  of  air  audibly,  responds  with  energy  to  that  note.  So  that  bringinc^  the  flame 
to  the  point  at  which  it  is  sensitive  to  a  particular  note,  is  somewhat  like  adjusting  the  lengtii  of 
a  column  of  air  until  it  resounds  to  a  certain  tuning  fork. 

Not  only  flames  but  streams  of  imignited  gas  or  air,  made  visible  by  smoke,  may  be  rendered 
extraordinarily  sensitive.  Tyndall,  enlarging  the  experiments  of  Savart,  has  further  shown 
that  jets  of  water  under  proper  conditions  are  also  capable  of  becoming  exceedingly  sensitive  to 
notes  of  the  proper  pitch. 

For  further  information  on  this  subject  the  reader  is  referred  to  the  Sixth  Lecture  in 
Tyndall's  work  on  Soimd,  and  to  a  dissertation  on  Sensitive  Flames,  by  Barrett,  in  the  Popular 
Science  Review  for  April  1867  ;  to  which  article  we  acknowledge  our  indebtedness. 

SEPARATED  TOUCH.  A  technical  term  used  in  practical  magnetinn  to  designate  a 
method  of  magnetisation.  According  to  this  method,  a  pair  of  bar  magnets  are  held  inclined 
to  the  bar  to  be  magnetised,  and  with  their  opposite  poles  resting  on  it  They  are  placed  on  it 
in  the  middle,  and  tiiey  are  then  separated,  one  being  drawn  towards  each  end,  where  tiiey  are 
lifted  and  brought  back  without  further  contact  to  the  middle,  again  separated,  and  so  on. 
The  method  of  separated  touch  was  invented  by  Dr.  Gowan  Knight  in  1745,  and,  owing 
to  his  great  success  in  making  powerful  and  even  magnets,  bears  a  high  reputation.  See  Mag» 
netisatum. 

SEPTUM.    {Septum,  a  fenca)    See  DialyM. 

SEBEIN.  Bain  which  falls  from  a  cloudless  sky.  In  tropical  i^ons  the  phenomenon  is 
not  unusual. 

SERPENS.  (The  serpent)  One  of  Ptolemy's  northern  constellations.  It  consists  of  two 
portions  separated  by  the  body  of  Ophiuchus. 

SEXTANS.  (Abbreviated  from  SextariM  Urantce.  the  Sextant  of  Urania  or  Tycho  Brahe*s 
Sextant.)  A  constellation  invented  by  Hevelius,  in  honour  of  IV^cho  Brah^,  and  specially  to 
commemorate  the  successful  application  of  instrumental  astronomy  to  the  heavens  by  that 
astronomer.  The  fonnation  of  this  asterism  can  hardly  be  regarded  as  a  useful  service  ren- 
dered to  astronomy. 

SEXTANT.  (Sextan$f  the  sixth  part)  An  instrument  having  the  figure  of  a  sector  of  a 
circle,  60"  in  arc,  used  for  measuring  the  angular  distances  between  objects.  The  frame  bears 
a  telescope  directed  to  a  small  mirror,  only  half  of  which  is  silvered.  Thus  one  can  look  at  an 
object  through  the  telescope  in  the  usual  way,  seeing  through  the  mirror  glass.  An  arm  mov- 
ing radially  round  the  sector  bears  another  small  minor  (placed  over  the  centre  of  the  sector), 
and,  by  moving  the  radial  arm,  this  mirror  can  be  so  placed  relatively  to  the  other  (both  mirrors 
being  at  right  angles  to  the  plane  of  the  sector),  that  rays  from  a  star  after  reflection,  firstly,  at 
the  face  of  the  moveable  mirror,  and  then  at  the  face  of  the  other,  pass  down  the  axis  of  the 
telescope.  Thus  two  objects  can  be  seen  at  once,  one  directly  through  the  telescope,  the  other 
after  two  reflections.  Now,  it  ia  obvious  that,  when  a  ray  of  light  is  reflected  successively  at 
the  face  of  two  mirrors,  the  last  part  of  its  course  is  inclined  to  tiie  first  part,  at  an  angle  which 
is  twice  the  angle  of  inclination  between  the  two  mirrors.  (For  if  the  second  mirror  were 
parallel  to  the  first,  tho  last  part  would  be  parallel  to  the  first  part,  and  shifting  the  second 
mirror  would  equally  shift  the  perpendicular  to  the  second  mirror,  with  which  the  two  last  por- 
tions of  the  ray's  course  make  always  equal  angles,  so  that  a  deviation  equal  to  the  angular 
movement  of  the  perpendicular  would  result  in  each  side  of  the  perpendicular,  or  a  double 
deviation  on  the  whole.)  Henoe  we  have  only  to  double  the  angle  between  the  two  mirrors 
when  both  objects  are  seen  in  the  same  apparent  direction,  to  determine  the  ansular  distance 
between  the  two  objects.  The  radial  arm  serves  to  show  through  what  angle  vie  mirror  has 
been  shifted ;  but  each  degree  division  is  counted  as  two  in  numbering  along  the  limb,  so 
that  by  simple  reading  off  one  obtains  the  angular  distance  between  the  two  objects  directly. 
The  sextant  was  invented  by  Hadley,  and  is  commonly  called  Hadley's  sextant    For  a  full 
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•ooount  of  the  instnxment,  and  »  deecriptiaii  of  other  forms  in  which  it  ia  used,  see  Loonii'i 
excellent  treatise  on  Praetieal  AUronomy. 

SHADOW.  (AS.,  $cad%if  $ceado;  Ger.  tehaUen;  ckwl,  »  shadow.)  Am  light  mo^es  is 
straight  Unes,  it  is  intercepted  by  any  opaque  substance,  prodndng  the  effect  of  a  daik  spsoe, 
bounded  by  a  more  or  less  sharp  outline,  the  shape  of  the  intercepting  body.  This  is  caBed  ths 
shadow.  When  the  light  issues  from  a  point,  the  sharpness  of  outline  is  veiy  greats  being  infca«> 
fered  with  by  (Hfraction  or  it^/Uetion  only.  When,  however,  the  source  of  light  has  a  sensible 
diameter  (the  sun,  for  instance),  the  shadow  is  bounded  by  a  broad  indistinct  portion  caused  hy 
the  light  not  being  suddenly  out  off  by  the  opaque  body.  This  portion  is  called  the  paumbn, 
the  shadow  being  sometimes  calleil  the  um&m. 

SHEAVE.  (Old  Dutch,  icMjve,  orb,  disc,  wheel ;  Gennan,  icheibe),  A  wheel  fixed  in  a 
block,  and  turning  on  a  pivot.  It  is  grooved  on  its  edge  to  receive  cordy  with  which  it  rotates. 
This  forms  the  common  pulley.    (SeePu^.) 

8HELIAK.    (Arabic.)    The  star  p  of  the  constellation  Lynk 

SHEL-LAC.  The  name  applied  to  the  resin  lac  (see  lUnns)  after  it  has  been  melted  sad 
strained  from  impurities. 

SHERATAN.    (Arabic. )    The  star  /9  of  the  constellation  Aries. 

SHOCK,  LATERAL.    See  Lateral  Shock. 

SHOOTING  STARS.    See  Meteon,  Luminoui. 

SHORT-SIGHTEDNESS.  An  imperfection  of  the  eye  caused  by  too  great  ooiiTexityaf 
the  crystalline  lens,  by  which  images  of  objects  do  not  come  to  a  diBtinct  focus  on  the  xetinav 
but  a  little  iu  front  of  it.  This  may  be  perfectly  remedied  by  correcting  the  excess  of  currsr 
ture  of  the  crystalline  Urn  by  placing  in  front  of  the  eye  a  slightiy  concave  lens.  (See  JSye; 
Spectacles.) 

SIDEREAL  SYSTEM.  {Sidus,  a  star.)  The  term  under  which  astronomers  indude  all 
the  objects  which  fall  within  the  limits  of  the  system  of  stars  whereof  our  sun  is  a  member. 
The  most  important  problem  in  the  whole  range  of  the  science  of  astronomy  consistB  in  the 
determination  of  the  extent  of  the  sidereal  system,  and  the  nature  of  the  objects  which  must  be 
supposed  to  belong  to  it. 

Undoubtedly,  when  Sir  William  Herschel  began  his  wonderful  series  of  labours  amidst  the 
stellar  depths,  there  were  just  reasons  for  believing  that  the  sidereal  system  ia  in  fact  no  other 
than  the  stellar  system,  so  that  aU  objects  which  can  be  shown  to  be  other  than  stars  or  sons 
must  be  regarded  as  lying  beyond  its  limits.  For  Sir  William  Herschel  justly  took  the  planet- 
ary system  as  affording  the  only  available  analogue  of  the  sidereal  system,  and  the  planetary 
system,  as  Imown  to  that  great  astronomer,  exhibited  none  of  that  variety  of  constitution  which 
we  recognise  at  the  present  time. 

Hence  we  find  that  the  very  basis  of  Sir  William  HersGhel's  system  of  star^uging,  the  plan 
by  which  he  hoped  to  define  the  limits  of  the  sidsreal  system,  consisted  in  the  hypothesis  that 
the  stars  are  suns,  comparable  inter  se  in  magnitude,  and  distributed  with  a  certain  general 
uniformity  throughout  space. 

But  as  his  labours  progressed,  we  find  Sir  William  Herschel  expressing  doubts  as  to  the  jus- 
tice of  the  hypothesis  on  which  he  was  proceeding.  He  found  evidence  in  the  star-groups  hs 
analysed  that  processes  of  aggregation  and  segregation  had  been  at  work,  tending  to  destroy 
all  uniformity  of  distribution,  supposing  such  uniformity  had  ever  existed  within  the  sideresl 

S'stem.  And,  again,  he  recognised  the  existence,  within  the  limits  of  that  system,  of  objects 
together  different  in  their  constitution  from  the  stars  or  suns.  His  wonderfid  reasoning 
powers  enabled  him  to  pronounce  confidently  that  many  of  the  nebulse  are  gaseous,  or  consist  of 
some  form  of  luminous  mist,  and  not  (as  he  judged  to  be  the  case  with  others)  of  stars  resem* 
bling  our  sun.  He  even  went  so  far  as  to  assert  that  the  great  nebula  in  Orion  lies  nearer  to 
us  than  the  stars  seen  in  the  same  field  of  view.  In  other  respects  also,  he  expressed  doubts 
as  to  the  justice  of  the  hypothesis  which  had  formed  the  basis  of  his  earlier  researches. 

Hence  we  may  be  permitted  to  look  with  considerable  doubt  on  that  theory  of  the  sideresl 
^stem  which  has  been  regarded  by  many  as  exhibiting  the  positive  teachings  of  Sir  WiUiam 
Herschel  (see  Oalaay),  and  has  been  exhibited  with  more  or  less  correctness  in  our  treatises  oo 
popular  atrtronomy. 

It  may  be  worth  inquiring  whether  we  ought  not  to  conmience  by  investigating  the  lelatioDS 
presented  by  the  brighter  stars,  rather  than  pass  at  once  beyond  their  limits,  and  consider  tbs 
much  more  complicated  questions  suggested  by  the  millions  on  millions  of  stars  brought  into 
view  by  the  telescope. 

It  is  clear  that,  if  the  general  prindples  which  Sir  William  Herschel  adopted  as  the  basis  of 
his  researches  are  just,  we  might  fairly  expect  to  find  among  the  stars  visible  to  the  naked  eys 
a  certain  uniformity  of  distribution.    The  sphere  within  which  such  stars  are  included  £aUi  iu 
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within  the  limits  of  the  sidereal  system,  as  figured  under  the  form  of  a  cloven  disc  by  Sir  Wil- 
liam HerscheL  On  the  other  hand,  it  is  extended  enough,  and  contains  a  sufficient  number  of 
stars  to  render  us  safe  from  mistaking  arrangements  rc»ftlly  due  to  chance  distribution  for  the 
signs  of  special  laws  of  stellar  aggregation. 

Now,  when  we  limit  our  attention  to  stars  of  the  first  six  orders,  we  detect  signs  of  special 
arrangement  far  too  marked  to  admit  of  being  disregarded.  Instead  of  finding  the  lucid  stars 
spread  with  a  general  imif  oimity  over  the  heavens,  we  find  them  congregated  more  densely  in 
certain  regions  than  in  others.  In  the  northern  hemisphere  the  lucid  stars  show  a  marked  pre- 
ference for  the  region  covered  by  the  constellations  Gepheus,  Cassiopeia,  Laoerta,  and  Cygnus. 
In  the  southern  heavens  there  is  a  corresponding  but  much  larger  region,  even  richer  in  stars 
than  the  northern  one.  It  covers  an  area  extending  some  forty  or  forty-five  degrees  on  all  sides 
of  the  greater  Magellanic  Cloud.  Within  these  regions  and  the  part  of  the  heavens  covered  by 
the  MUky  Way,  lucid  stars  are  distributed  on  the  average  three  times  as  richly  as  over  the  rest 
of  the  heavens. 

It  is  also  worthy  of  notice  that  the  southern  hemisphere  contains  about  looo  more  stara 
visible  to  the  naked  eye  than  the  northern. 

These  relations  lead  one  to  regard  the  hypothesis  of  uniform  distribution  as  untenable.  If  it 
be  abandoned,  all  the  results  which  have  been  founded  upon  it  must  be  abandoned  also.  In 
other  words,  the  views  which  have  been  hitherto  adopted  respecting  the  sidereal  system  must 
be  regarded  as  at  the  least  unproved. 

In  viewing  the  sidereal  system,  independently  of  preconceived  opinions,  we  ore  led  to  pay 
attentive  consideration  to  many  relations  which  might  otherwise  have  been  regarded  as  acci- 
dental. For  example,  while  tibe  stars  were  assumed  to  be  comparable,  inter  se,  in  magnitude, 
and  distributed  with  a  general  uniformity  throughout  space,  it  was  unUkely  that  astronomers 
would  look  for  any  signs  of  association  between  the  lucid  stars  and  the  Milky  Way,  or  if  any 
such  sign  attracted  their  attention  for  a  moment,  they  would  be  disposed  to  reject  at  once  the 
thought  that  it  could  be  otherwise  than  acddentaL  Or  again,  if  traces  of  the  existence  of  star 
streams  and  star  clusterings  (of  condderable  extent)  were  recognised,  they  also  would  be  dis- 
missed, as  resulting  from  mere  coincidences. 

But  when  once  the  whole  subject  is  regarded  as  one  that  requires  to  be  dealt  with  de  novo, 
these  and  corresponding  indications  become  all-important.  The  means  we  have  of  solving  the 
great  problem  are  so  few,  *'  the  material  threads  out  of  which  a  consistent  theory  of  the  universe 
is  to  be  wrought  are  so  slight "  (to  use  the  words  of  Sir  John  Herschel),  that  we  cannot  afford 
to  lose  even  the  slenderest  clue  which  may  serve  by  any  poraibility  for  our  guidance. 

This  being  the  case,  the  attention  of  astronomers  cannot  be  too  urgently  invited  to  the  con- 
sideration of  the  various  features  of  the  heavens  which  may  be  regarded  as  likely  to  prove  in- 
structive. There  are  many  branches  of  sidereal  astronomy  which  have  as  yet  been  left  almost 
wholly  untouched.  Researches  into  the  numerical  relations  observed  among  stars  of  various 
orders,  a  careful  consideration  of  the  peculiarities  of  proper  motion  observable  in  different  parts 
of  the  heavens,  a  comparison  of  the  spectra  of  stars  in  one  r^on  with  those  of  stars  seen  in 
others,  a  careful  study  of  the  relations  observed  among  coloured  or  variable  stars  ;  these,  and 
a  midtitude  of  similar  subjects  of  inquiry,  open  a  wide  field  of  useful  and  profitable  labour  to 
the  astronomer. 

Amongst  the  results  which  have  followed  from  inquiries  of  this  sort,  the  following  may  be 
mentioned,  rather  as  an  encouragement  to  students  of  astronomy  to  pursue  this  particular  line 
of  research,  than  for  the  completeness  of  the  evidence  they  affoni  respecting  the  sidereal 
system. 

The  nebulse  which,  while  the  old  theories  respecting  the  sidereal  system  were  unquestioned, 
came  naturally  to  be  regarded  as  external  systems  resembling  it  in  character,  are  found  to 
exhibit  peculiarities  of  &tribution,  showing  that  they  probab^  form  part  and  parcel  of  the 
sidereal  system.  (See  Nebula.)  The  red  stars  are  found  to  affect  the  neighbourhood,  and 
especially  the  borders  of  the  Milky  Way,  and  also  to  lie  along  the  course  of  well-marked  star^ 
streams.  In  the  distribution  of  the  variable  stars,  a  similar  peculiarity  may  be  recognised. 
When  the  proper  motions  of  the  stars  are  mapped,  it  is  found  tiiat  in  certain  regions  the  stars 
are  travelling  collectively  in  one  direction,  or  that  among  the  stars  covering  a  particular  part 
of  the  heavens,  two  or  three  orders  of  proper  motion  only  can  be  recognised.  (See  Startf  Aed; 
Star$,  Variable;  Proper  Motion$  of  the  Start.) 

Such  relations  as  these,  added  to  what  has  been  already  mentioned  respecting  the  richer 
aggregation  of  lucid  stars  in  certain  parts  of  the  heavens  than  in  others,  point  to  the  conclusion 
that  Ukere  is  a  variety  of  structure  within  the  sidereal  system,  such  as  has  not  hitherto  been 
adequately  recognised.  If  we  regard  red  stars  or  variable  stars,  as  well  as  ludd  stars  generally, 
AS  assodated  in  an  intimate  manner  with  the  Milky  Way,  we  have  to  regard  that  stream  of 
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Btara  as,  in  a  Bense,  iui  generis.  Again,  if  we  look  on  nebulae  as  belonging  to  the  sidereal 
RYBtein,  we  are  compelled  to  recogniBe  the  existenoe  of  objects  within  that  aystem  wholly 
<UfFerent  from  the  fixed  stan,  whether  single  or  multiple ;  and,  lastly,  if  we  accept  the  yiew 
thAt  whole  groups  of  lucid  stars  are  travelling  collectively  through  space,  we  are  forced  to 
recognise  not  merely  the  present  existence  of  special  laws  of  association,  but  the  action  of  such 
]»WB  on  definite  regions  of  space  during  long  past  ages. 

But  the  question  further  suggests  itself  whether,  if  we  abandon  the  views  formed  by  Sir 
William  Herschel  respecting  the  sidereal  system,  we  must  not  with  them  abandon  the  view 
thftt  our  telescopes  are  powerful  enough  to  reach  the  limits  of  that  system.  What  is  Uie 
evidence  we  have  that,  in  any  direction,  the  limits  of  the  Rideieal  system  have  been  reached  t 
It  has  been  admitted  that  the  appearance  of  irresolvable  nebulosity  in  any  part  of  the  heavens 
is  a  proof  that  there,  at  any  rate,  the  limits  of  the  sidereal  system  lie  beyond  the  range  of  the 
telescope  which  exhibits  such  nebulosity.  On  the  other  hand,  when  the  stars  are  seen 
separated  from  each  other  on  a  black  background,  it  has  hitherto  been  assumed  without  ques- 
tion that  the  limits  of  the  system  have  been  reached.  Yet  we  have  clear  evidence,  in  the 
appearance  of  the  Magellanic  Clouds,  that  this  criterion  is  deceptive.  For  in  Sir  John  Herschel's 
twenty-feet  reflector  the  outer  parts  of  the  Magellanic  Clouds  were  found  to  be  quite  irresolv- 
able, whereas  the  central  parts  were  clearly  resolved.  Now  it  cannot  for  a  moment  be  sup- 
posed that  the  difference  in  this  case  is  due  to  a  difference  in  the  extent  and  distance  of  the 
star-masses  under  examination.  It  is  perfectly  obvious  that  here,  at  any  rate,  a  difference  of 
constitution  is  in  question,  that  the  stars  forming  the  outer  part  of  the  Magellanic  Cloud  cannot 
be  regarded  as  belonging  to  a  stratum  extendkig  to  far  greater  distances  from  the  eye  than 
those  forming  the  central  parts  of  the  Nubecula.  It  will  be  well  to  recognise  the  consequences 
which  flow  directly  from  this.  What  is  proved  is,  that  so  far  as  Sir  John  Herschel's  twenty- 
feet  reflector  is  concerned,  irresolvable  nebulosity  in  any  direction  does  not  necessarily  signify 
enormous  extension  of  the  sidereal  system  in  that  direction.  But  doubt  is  thus  at  once  thrown 
on  corresponding  evidence  in  the  case  of  any  telescope ;  nor  is  there  any  reason  for  limiting  the 
influence  of  the  doubt  to  telescopic  vision ;  it  is  obvious  that  what  Ib  true  of  the  telescope  ia 
true  of  the  naked  eye.  Hence  the  existence  of  nebulous  light  in  any  part  of  the  heavens,  as 
seen  by  the  naked  eye,  u  no  proof  that  the  stars  pvedudng  that  light  form  a  stratum  of  enor- 
mous extent  in  the  direction  of  the  line  of  sight.  Thus  the  farthest  limits  of  the  galaxy  may 
be  no  farther  from  us  than  many  stars  separately  visible. 

For  the  present  it  would  seem  well  to  regard  the  constitution  of  the  sidereal  system  as  an  un- 
solved problem.  It  must  be  remembered  that  Sir  William  Herschel  himself  expressed  doubts 
as  to  the  justice  of  the  hypotheses  on  which  he  based  his  views.  We  know,  farther,  that  his 
ideas  of  the  solar  system,  which  suggested  those  hypotheses,  were  founded  on  inexact  know- 
ledge. Astronomy  has,  in  recent  years,  exhibited  such  a  wonderful  variety  within  the  limits  of 
the  solar  system,  as  to  force  on  us  the  conclusion  that  if  the  solar  system  is  to  be  r^arded  as 
supplying  any  evidence  at  all  respecting  the  constitution  of  the  sidereal  system,  that  evidence 
points  to  infinite  variety  of  constitution  rather  than  to  the  uniformity  imagined  by  Sir  William 
HerscheL  So  that  we  need  not  be  surprised  should  it  eventually  appear  that  besides  the  pri- 
mary suns,  there  exist,  within  the  limits  of  the  sidereal  scheme,  groups  and  systems  of  suns^ 
whole  galaxies  of  minor  orbs,  clustering  stellar  aggregations  of  every  variety  of  form,  richness, 
and  distribution ;  all  the  various  forms  of  nebulae,  circular,  ellipti<^  and  spiral,  and  widely 
extended  gaseous  masses  clinging  in  fantastic  convolutions  around  stars  and  star  irrotems. 
SIDEREAL  TIME.  See  Day. 
SIDEREAL  YEAR    See  Year. 

SIDE  PRESSURE  OF  MOVING  GASES.  If  a  mass  of  air  move  in  any  direction, 
in  the  midst  of  an  atmosphere  otherwise  still,  the  latter  will  be  set  in  motion  and  will  strive  to 
follow  in  the  wake  of  the  moving  mass.  In  effecting  this  it  will  undezgo  partial  rarefaction. 
This  effect  ia  exhibited  on  a  large  scale  in  nature  when  such  rarefaction  is  detected  by  the  fall 
of  the  barometer  in  the  neighbourhood  of  the  masses  of  moving  air  constituting  storms.  On  a 
smaller  scale  the  same  effect  is  shown  in  "  Clement's  Experiment."  If  a  vertical  tube  be  fastened 
to  a  hole  in  the  centre  of  a  circular  disc,  and  another  perfect  disc  of  light  material  is  brought 
near  to  the  first  one,  when  air  is  forced  down  the  tube  the  second  disc  may  be  lifted.  The  air 
passing  vertically  downwards  through  the  tube  strikes  against  the  lower  disc  and  tends,  of 
course,  to  blow  it  away  ;  but  its  vertical  motion  is  converted  into  a  horizontal  one.  It  passes 
from  Uie  centre  towards  the  circumference  of  the  parallel  discs,  and  consequently  has  to  expand 
to  fill  the  larger  space.  'It  becomes  therefore  dilated  and  diminished  in  tension,  giving  rise  to  a 
partial  vacuum  ;  the  nir  beneath  the  lower  disc  presses  up  to  restore  the  tension,  and  thereby 
forces  up  the  disc.  The  same  may  be  shown  by  blowing  air  through  a  narrow  tube  a  little  on 
one  aide  of  a  candle  flame,  which  ia  a  little  beyond  the  end  of  the  tube ;  the  flame  inclines  towards 
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the  oarrent.  If  a  onrrant  of  air  be  blown  between  two  sheets  of  paper  hong  np  Tertically  and 
parallel,  the  sheets  will  cleave  together. 

SIDERITE.     See  Quairte, 

SIGNS  OF  THE  ZODIAC.    See  Zodiac 

SILEX.    The  old  name  for  silica. 

SILICA.  The  chemical  name  of  qnartz,  which  see  for  its  properties  in  the  native  state. 
Silica  is  an  oxide  of  silidiim,  its  formiua  being  SiO|.  As  preparod.artificially  in  the  anhydrous 
state  it  forms  a  white  powder,  insoluble  in  water,  and  in  all  adds  except  hydrofluoric  add.  It  dis- 
solves, however/ in  alkalies,  especially  on  heating ;  it  requires  a  very  high  temperature  to  fuse 
it,  but  melts  before  the  oxyhydrogen  blow-pipe  to  a  transparent  glass.  When  neated  with  an 
alkaline  carbonate  it  causes  an  evolution  of  carbonic  add,  and  melts  to  a  perfectly  transparent 

glass.  When  prepared  artifidally  silica  unites  with  water  and  forms  a  gelatinous  hydrate  which 
I  mudi  more  soluble  than  anhydrous  silica,  and  by  dialysing  a  solution  of  an  alkaline  silicate 
in  excess  of  hydrochloric  acid,  Graham  has  obtained  a  clear  solution  of  silica  in  water.  In 
this  manner  an  aqueous  solution  may  be  obtained  which,  by  concentration,  contains  as  much  as 
14  per  cent,  of  silica ;  this  solution  is  tasteless  and  colourless,  and  has  a  vexy  faint  add  reaction. 
The  addition  of  many  substances,  such  as  carbonic  add,  an  alkaline  or  earthy  carbonate,  &c., 
causes  it  to  ooagidate  ;  when  evaporated  in  a  vacuum  over  oil  of  vitriol,  a  transparent  glassy 
hy<^te  is  left  of  the  formula  SiOs-H, O  ;  other  hydrates  are  supposed  to  exist,  but  their  composi- 
tion iB  uncertain,  as  the  water  appears  to  be  held  with  very  slight  afi&nity.  Hydrate  of  silica  is 
f oimd  native  as  opal  and  also  as  a  white  chalky  depomt.  Silica  possesses  the  property  of  an 
add,  and,  owing  to  its  being  non-volatile  at  a  very  tdgh  temperature,  it  displaces  most  of  the 
other  adds  from  their  combinations ;  when  united  with  bases  these  compounds  are  called  tUieatea 
(which  see),  and  their  chemistrv  is  in  the  highest  degree  intricate.  Many  metallic  alicates 
occur  abimdantly  in  the  mineral  kingdom,  forming,  in  fact,  the  greater  part  of  Uie  earth's  crust ; 
they  are  mostly  fusible,  and  are  all  insoluble  in  water  with  the  exception  of  the  alkaline  silicates  ; 
they  are  all  deoompoeed  by  hydrofluoric  add,  but  other  mineral  adds  exert  very  various  solvent 
powers  upon  them  ;  they  may  all,  however,  be  rendered  soluble  in  dilute  hydrochloric  add  by 
fusion  with  an  alkaline  carbonate ;  carbonic  add  bdng  evolved  ;  when  heated  with  a  fluoride^ 
and  strong  sulphuric  add,  the  silica  is  all  driven  off  in  the  form  of  gaseous  fluoride  of  silicon. 

SILICATES. — Silicaiei  of  Aluminium. — Aluminium  forms  several  dlicates  which  are  met 
with  in  nature.  The  following  are  the  most  important,  with  their  mineralogical  names  and 
formuln,  omitting  the  water :  CoUyrUe  (Al,0,.SiO,) ;  StauroUU  {^Alfi^2^iOt) ;  AndalutUe, 
KyaniU,  and  AU^phane  (Al,0,.SiO,) ;  PorceUUn  Clay  from  Guttenberg  (2Al,0,.3SiO,) ;  Kaolin 
or  Porcdain  Clay,  most  varieties  (A],0,.2Si0a) ;  Porcelain  Clay  from  Passau  (4Als09.9SiO,) ; 
CimoliU  (2  AlgOs.  gSiO,.)  There  are  a  g]eat  many  other  silicates  of  alumina  which  are  p^bably 
mixtures  of  various  definite  silicates.  The  large  family  of  clays  may  be  induded  under  this 
head,  neglecting  the  iron,  lime,  ftc,  which  they  contain  in  variable  proportions.  The  double 
and  multiple  sSicates  containing  more  than  one  metal,  and  the  mixtures  of  silicates  with 
borates,  iJuminates,  titanates,  &c.,  are  too  numerous  to  be  mentioned  in  detail. 

SUicaU  of  CaleiuM. — Several  silicates  of  caldum  are  found  native  ;  the  mono-dlicate 
(CaCSiO,)  is  known  under  the  name  of  WoUattonite  ;  the  sesquisilicate  is  known  as  GyroUie; 
the  disilicate  is  called  OhtniU,  Silicate  of  caldum  can  be  obtained  artificially  by  heating  mix- 
tures of  pounded  quartz  and  marble  to  bright  redness.  Hydraidic  mortar  owes  its  property  cf 
hardening  under  water  to  silicate  of  caldum,  and  for  this  purpose,  slaked  lime  is  mixed  with 
hydrated  silica  or  minerals  containing  silica  in  such  a  state  that  combination  will  take  place 
between  the  silica  and  the  lime  in  the  wet  way.  Quarts  or  sand  will  not  unite  chemically  with 
lime,  and  therefore  ordinary  mortar,  which  is  a  mixture  of  slaked  lime  and  sand,  owes  none  of 
its  properties  to  the  formation  of  sUicate  of  lime,  but  hardens  simply  by  drying,  and  by  absorp- 
tion of  carbonic  add  from  the  atmosphere. 

SUicaU  of  Copper. — Mono-silicate  of  oopper  is  met'with  native,  as  diopUiie  (CuSiO,.H20),  and 
as  chrytoccUa;  the  former  is  of  an  emerald  green  colour,  transparent,  hard,  and  crystallised ; 
the  latter  ia  massive,  somewhat  soft,  semi-opaque,  and  of  a  bluuh  green  colour. 

Silicate  of  Iron.  —The  mineral  known  as  &yalite  or  iron  ekrytolite  is  of  a  black,  greenish,  or 
brownish  colour,  and  of  a  spedfic  gravity  4*1.  Composition  2FeO.SiO| ;  this  is  also  approxi- 
mately the  composition  of  some  of  the  slags  obtainea  in  the  manufacture  of  iron. 

SiUcaie  of  Lead. — This  silicate  is  only  of  interest  in  combination  with  borate  of  lead.  Fara- 
day's heavy  glass,  by  means  of  which  he  made  his  brilliant  experiments  on  the  action  of  mag- 
netism  on  Ught,  consists  of  a  boro^ilicate  of  lead  which  he  prepared  by  fusing  oxide  of  lead, 
silica,  and  boracic  acid  together. 

Silicate  of  Potassium. — A  definite  silicate  can  only  be  prepared  by  fusing  together  the 
aknnic  proportions  of  silica  and  carbonate  of  potaisinm,  the  vumonUcaU  (KjO.SiO,)  is  then  pro- 
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dnced  as  a  transparent  glass,  which  is  deliquescent  in  the  air,  and  readily  soluble  in  water, 
forming  an  alkaline  liquid.  By  increasing  the  proportion  of  silica,  compounds  are  produoed 
which  are  not  deliquescent,  and  are  still  soluble ;  thus,  by  heating  15  parts  of  silica  with  about 
10  parts  of  pure  carbonate  of  potash  to  bright  redness  fov  some  hours,  a  tetra-nlicate  (K^Oj^iOf) 
is  produced,  which  is  met  witii  in  commerce  under  the  name  of  wUer-gUut.  This  compoimd 
has  the  appearance  of  ordinary  glass,  and  dissolves  slowly  but  completely  in  boiling  water ;  the 
solution  is  decomposed  by  all  acids  with  separation  of  gelatinous  sOica ;  when  exposed  in  thin 
layers  to  the  air,  it  dries  up  to  a  tough  glassy  film,  which  is  gradually  deoomp9sed  by  the  car- 
bonic acid  in  the  atmosphere,  leaving  the  silica  behind  as  a  compact  insoluble  coating.  When 
the  material  on  which  the  soluble  glass  is  applied  exerts  a  chemical  action  upon  the  silicate, 
(as  when  it  contains  carbonate  of  lime  (chalk)  or  similar  substances),  decomposition  takes 
place ;  the  silica  goes  to  the  earthy  base,  and  the  mass  gains  very  considerably  in  hardness.  A 
piece  of  chalk  treated  in  this  manner  becomes  as  hard  as  marble ;  on  this  account  soluble  glass 
(prepared  either  with  silicate  of  potash,  silicate  of  soda,  or  mixed  silicate  of  the  two)  is  largely 
used  as  a  hardening  material  for  building  stones.  When  no  substance  is  present  in  the  stone 
capable  of  decomposing  the  alkaline  silicate,  a  wash  of  chloride  of  calcium  is  subsequently 
given,  whereby  an  insoluble  calcium  silicate  is  formed  which  fills  up  the  pores,  and  confers  hard- 
ness and  power  of  resisting  atmospheric  influences.  Alkaline  silicates,  together  with  silicates 
of  calcium,  lead,  and  other  metals,  form  the  several  varieties  of  glass.    (See  QUut.) 

SUvcaUt  of  Sodium, — These  silicates  are  so  similar  to  the  potash  salts  that  the  above  descrip- 
tion will  hold  good  for  them,  allowance  being  made  for  the  lower  atomic  weight  of  sodium. 

SiUcate  of  Zinc, — The  hydrated  silicate  is  found  native  under  the  name  of  silicioos  oalaminft 
or  zinc  glass. 
SILICIC  ACID.    SeeSaiM. 

SILICIC  ETHER.  The  researches  of  Ebehnen,  and  of  Friedel  and  Crafts,  have  resulted  in 
the  formation  of  numerous  compounds  of  silicic  acid  with  organic  radicals ;  amongst  these  we 
will  only  mention  one  or  two  of  the  most  simple,  and  will  confine  ourselves  to  the  ethers  of 
ordinary  alcohoL  Tetretkylie  tiUoate  ((C,H5)4Si04),  a  colourless  liquid  of  ethereal  odour  and 
peppery  taste,  spedfio  gravity  0*933  *  which  boils  at  165**  C.  (329"  F.)  It  bums  with  a  rlaagling 
white  flame,  diffusing  a  thick  smoke  of  sUica ;  water  gradually  decomposes  it,  with  separation 
of  gelatinous  silica. 

JHdkylic  silicate  ((C|H5).SiOt)  is  a  colourless  liquid  heavier  than  water,  boiling  at  350^  O. 
(662**  F.) ;  it  is  decomposed  by  water.  Moist  air  causes  it  gradually  to  solidify  to  a  transparent 
mass,  which  in  a  month  or  two  becomes  hard  enough  to  scratch  glass. 
SILICIUEETTED  HYDROGEN.  The  same  as  Hydride  of  8Uie<m,  (q.v.) 
SILICON,  or  SILICIUM.  An  element  which  forms  the  basis  of  silica.  It  is  obtained  in 
the  free  state  with  great  difficulty.  Atomic  weight  28  ;  Symbol  Si.  It  exists  in  three  differ- 
ent conditions—  I.  Amorphouef  as  a  dull  brown  powder,  insoluble  in  water ;  2.  Grajphitoidal, 
obtained  by  heating  amorphous  silicon  to  a  high  temperature  out  of  contact  with  air.  Wohler 
has  obtamed  it  by  another  process  in  crystals  ;  3.  OryUaUine,  or  cuUtmarnHne,  in  which  state  it 
has  the  form  of  long  needle-shaped  aystals,  having  a  dark  iron  gray  colour,  and  exhibiting 
iridescence  like  that  of  iron  glance.  At  a  temperature  near  the  melting-point  of  cast-iron, 
silicon  melts,  and  may  be  cast  in  a  mould  ;  the  castings  have  a  brilliant  surface,  and  are  not 
altered  by  exposure  to  the  air.  The  principal  compounds  of  silicon  are  as  follows :  Fluoride  qf 
silicon  (SiFJ  is  a  gas  which  is  formed  by  the  action  of  hydro-fluoric  add  on  silica ;  it  is  colour- 
less, and  has  a  sp^ific  gravity  of  3*6 ;  it  fumes  stronglpr  in  the  air,  and  w  instantly  decomposed 
by  water  into  siUca  and  silico-fluoric  add.  Silico-Jluonc  add  (SitH^Fg)  is  the  result  of  the  action 
of  water  on  fluoride  of  silicon.  It  is  a  very  add  liquid,  which  fumes  in  the  air  and  attacks 
metaLs,  dissolving  their  oxides  with  formation  of  siUeo-fuorides,  The  only  siUco-fluoride  which 
need  be  mentioned  Ib  the  potassium  salt,  which  is  remarkable  for  its  great  insolubility  in  water, 
one  part  requiring  833  parts  of  cold  water  to  dissolve  it.  As  the  ammonium,  litnium,  and 
sodium  salts  are  tolerably  soluble,  a  solution  of  siUoo-fluoric  add  is  of  considerable  use  in  the 
laboratory  as  a  test  for  potasdum  salts.  Hydride  of  silicon  is  a  colourless  gas  insoluble  in 
water,  and  remarkable  for  being  spontaneously  inflammable ;  bubbles  of  it,  on  being  allowed  to 
rise  through  water,  Ignite  at  the  surface  with  a  brilliantly  luminous  flame,  evolving  a  smoke  of 
silica.  Its  composition  is  SiH4.  Oxides  of  silicon. — Silicon  forms  three  oxides,  only  one  of  which 
is  anhydrous ;  this  is  the  di-oxide  or  sUica  SiO,  (which  see) ;  the  others  are  only  known  in  com- 
bination with  water ;  their  names  and  formulae  are  all  that  need  be  said  about  them :  they  are 
leucjne  (3Si0.2H,0)  and  Chryseone  (Si40.2H,0). 
SILICaFLUORIC  ACID.  See  Silicon. 
SILICON,  HYDRIDE  OF.  Qee  Silicon. 
SILVER.    A  brilUantly  white  metal  which  was  known  to  the  Midflnts.    Atomic  weight 
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io8.  Symbol  Ag,  from  the  "Ltkim  Argentum.  Specific  gravity  lo*^.  It  ciystalliBes  in  cubes. 
It  melts  at  a  heat  estimated  at  about  looo"*  F.  When  melted  it  absorbs  oxygen,  and 
just  before  solidifying  it  evolves  it  ivith  effervescence  causing  spirting  and  projection  of  the 
metal.  It  is  the  best  known  conductor  of  electricity  and  heat ;  its  specific  heat  is  0*057  ;  it  is 
extremely  malleable  and  ductile,  and  has  great  tenacity ;  it  is  not  oxidised  at  the  ordinary 
temperature,  and  is  unaffected  by  any  atmospheric  agent,  except  sulphur  compounds  which  are 
sometimes  present.  It  is  found  either  in  the  native  state,  or  as  sulphide  or  chloride.  It  also 
occurs  in  small  quantities  in  galena,  gray  copper  ore,  pyrites,  and  other  minerals,  and  frequently 
in  sufficient  quantity  to  pay  for  extraction.  It  is  usually  produced  on  the  large  scale  by  fusing  ite 
ore  with  a  lead  compound,  and  then  cupelling  (see  CupdUUum),  or  by  amalgamation  with  mercury. 
It  is  also  sometimes  extracted  in  the  wet  wav  as  chloride  and  sulphate.  The  principal  com- 
pounds of  silver  which  require  notice  are  the  following  :  — 

Chloride  of  Silver  occurs  native  as  horn  silver  in  waxy  masses,  possessing  a  specific  gravity 
of  9'4  and  of  a  pearl  gray  colour  when  freshly  cut,  turning  brown  on  exposure  to  light.  Ite 
composition  is  Ag€l.  It  is  insoluble  in  water,  and  may  be  formed  artificially  by  adding  a  soluble 
chloride  to  a  solution  of  nitrate  of  silver.  In  this  condition  it  dissolves  easily  in  ammonia,  in 
hyposulphite  of  soda,  and  in  ^anide  of  potassium,  but  is  insoluble  in  most  other  solutions.  It 
melts  at  about  260°  G.  (500°  F. )  to  a  thm  yellowish  liquid  solidifying  to  a  homy  mass.  It  is  re- 
duced to  the  metallic  state  by  zinc  or  iron  in  the  presence  of  water.  Fredily  precipitated 
chloride  of  silver  is  of  a  pure  white  colour,  but  it  quickly  acquires  a  dark  grayish-violei  tint  on 
exposure  to  light,  more  rapidly  if  free  nitrate  of  silver  is  present.  This  reaction  fonus  the 
basis  of  several  photographic  processes.     (See  Photography.) 

Iodide  of  Silver  (Agl),  is  occasionally  found  native  as  iodargyriie  in  hexagonal  crystals  of  a 
yellowish-green  colour.  It  may  be  prepared  artificially  by  adding  a  soluble  iodide  to  a  solution 
of  nitrate  of  silver ;  it  then  falls  down  as  an  insoluble  primrose-yellow  precipitate,  which,  in  the 
presence  of  nitrate  of  silver  is  coloured  deep  greenish-gray  on  exposure  to  light.  Many  reduc- 
ing agents  which  have  no  action  on  iodide  of  silver  before  it  is  exposed  to  light  will  readily 
reduce  it  to  the  metallic  state  if  it  has  been  exposed  for  a  very  few  seconds  only  to  daylight. 
Several  photographic  processes  are  based  upon  this  reaction.  Iodide  of  silver  is  insoluble  in. 
water  and  dilute  acids,  and  almost  so  in  ammonia ;  it  dissolves  in  concentrated  solution  of  iodide 
of  potassium,  in  hyposulphite  of  sodium  and  cyanide  of  potassium. 

Oxide  of  Silver.  The  principal  oxide  is  the  protoxide  (AggO)  which  is  a  dark  brown  powder 
very  slightly  soluble  in  water,  but  sufficiently  so  to  communicate  to  it  an  alkaline  reaction ;  it  is 
easily  reiduced  to  the  metallic  state  by  substances  which  absorb  oxygen  ;  many  substances,  such 
as  creosote,  taking  fire  when  dropped  upon  it.  Oxide  of  silver  is  a  powerful  base,  neutralising 
acids  and  forming  with  them  well  defined  salts.  They  are  for  the  most  part  insoluble  or  spar- 
ingly soluble  in  water,  although  the  nitrate,  chlorate,  pern^orate,  fluoride,  and  some  organic 
salts  are  soluble.  The  most  important  salts  of  silver  will  be  mentioned  under  the  respective  acids. 

SILV£R  ASSAY.    See  CupdUuion. 

SILVEEED  MIRRORS.  A  method  of  depositing  a  brilliant  coating  of  metallic  silver  on 
glass  has  been  devised  by  Liebig.  The  process  is  of  great  use  in  phjrsical  experiments,  as  tha 
reflecting  surface  Ib  on  the  outside  of  the  glass,  and  the  light  does  not,  therefore,  suffer  modifica- 
tion in  passing  twice  through  the  thickness  of  glass.  Moreover  the  glass,  as  it  acts  merely  as  a 
support  for  the  silver  surface,  need  only  be  worked  true  on  the  side  which  receives  the  rilver, 
and  veins  and  striae  in  its  substance  do  not  interfere.  Tlus  plan  of  silvering  glass  is  largely 
used  in  the  manufacture  of  specula  for  reflecting  telescopes,  as  discs  of  glass  can  be  prepi^ed 
and  worked  to  a  parabolic  surface  on  one  side  at  considerably  less  expense  than  would  attend 
the  production  of  mirrors  of  speculum  metal.  Many  modifications  of  Liebig*s  original  process 
have  been  published ;  the  most  successful  appears  to  be  the  one  by  which  Sir.  Browning  pra- 
pares  his  reflecting  glass  mirrors.    It  is  given  in  the  Chemical  iVncf,  voL  xix.  p.  12. 

SILVER,  FULMINATING.    See  IWnw«ic  J  ctd. 

SINGING  FLAMES.  When  a  small  flame  of  hydrogen  is  caused  to  bum  within  a  tube,  a 
musical  note  is  produced  which  continues  so  long  as  the  flame  remains  ignited.  This  fact  was 
diBoovered  by  Dr.  Huggins  in  1 777.  It  formed  the  starting-point  of  many  subsequent  investiga- 
tions which  have  finally  given  rise  to  the  so-called  singing  or  musical  flames.  De  Luc,  Chladni, 
Brugnatelli,  Pictet,  De  La  Rive,  Faraday,  Count  Schaffgotsch,  Rijke  and  Tyndall  have  all 
worked  at  and  more  or  leas  enriched  this  subject.  Pictet  and  De  La  Rive  believed  tbe  sounds 
to  be  due  to  pulses  produced  \y  the  alternate  expansion  and  contraction  of  the  aqueous  vapour 
produced  by  the  combustion  of  the  hydrogen.  Faraday  showed  that  this  explanation  was  in- 
oonect  by  obtaining  similar  notes  from  the  flame  of  carbonic  oxide,  which  yields  no  water  on 
combustion :  he  went  farther  and  proved  that  any  combustible  gas,  when  burning  within  a  tube, 
could  be  made  to  emit  musical  notes  with  more  or  leas  ease ;  for  example,  ordinaiy  ooal-gaa 
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answers  admirably.  Thus  he  abolished  the  restricted  term  "  hydrogen  harmonioon,"  by 
these  effects  were  hitherto  known.  The  caase  of  the  sounds  was  attribated  by  Faraday  to  a 
rapid  vibration  of  the  flame  produced  by  successive  explosions  of  the  burning  gas.  He  showed 
that  feeble  and  rapid  explosion  always  attended  the  combustion  of  gas.  Ordiuuily  imheaird,  or 
heard  but  slightly,  these  feeble  noises  rise  to  the  dignity  of  a  musical  note  when  strengthoied 
by  the  resonance  of  the  tube  placed  over  the  flame.  Hence  the  length  of  the  tube  determines 
the  pitch  of  the  note  given  by  the  flame.  In  fact,  we  may  look  upon  a  singing  flame  as  similar 
to  an  organ  pipe.  The  noise  of  the  burning  gas  has  its  analogue  in  the  whistling  of  the  air 
through  the  embouchure  of  the  organ  pipe.  And  just  as  the  vibrating  column  of  air  within  the 
little  singing  tube  reacts  upon  the  jet  of  gas,  causing  it  to  vibrate  in  unison  with  itself  (as  may 
be  proved  by  a  moving  mirror),  so,  no  doubt,  the  air  within  the  organ  pipe  uiges  the  vibration 
at  tiie  embouchure  to  synchronise  with  itself,  augmentation  of  sound  being  tlie  result  in  both  caaei. 

SINGLE  MICROSCOPE.    See  Microtcope. 

SINE  COMPASS.    A  not  very  appropriate  name  for  the  tine  galDanometer  (q.v.) 

SINE  GALVANOMETER.  An  instrument  used,  but  not  very  frequently,  for  measoring 
the  strength  of  electric  currents.  Its  construction  is  much  the  same  as  that  of  the  tangent  gal- 
vanometer—namely, a  small  magnetic  needle,  turning  in  a  horizontal  plane,  at  the  centre  of  a 
large  vertical  coil  of  pretty  thick  wire ;  but  in  the  sine  galvanometer,  the  coil  of  wire  is  mads 
moveable  round  a  vertical  axis,  which  passes  through  the  point  of  support  of  the  needle.  To 
use  the  instrument,  it  is  placed  so  that  the  needle,  when  pointing  to  zero  on  a  scale  beneath  it^ 
is  in  the  magnetic  meridian,  and  the  plane  which  contains  the  ooQ  also  approximately  in  tha 
pbine  of  the  magnetic  meridian.  When  the  current  passe**,  the  needle  tends  to  set  at  right 
angles  to  this  plane,  and  takes  a  position  depending  upon  the  earth^s  directive  fcaY»  and  the 
strength  of  the  cuxrent.  The  coU  of  wire  is  then  turned  round  its  vertical  axis  till  its  plane 
ooincides  with  the  magnetic  axis  of  the  needle.  When  this  is  the  case,  the  angle  made  by  the 
needle  with  the  plane  of  the  magnetic  meridian  is  read  off,  and  it  is  msily  proveable  that  the 
strength  of  the  current  is  proportional  to  the  sine  of  this  angle. 

SINGLE  TOUCH.  A  technical  term  employed  in  practical  magnetinn  to  denote  a  method 
of  magnetisation.  It  is  the  very  simplest  possible  method,  and  condists  in  stroking  a  bar  to  be 
magnetised  always  in  the  same  oirection  with  one  pole  of  a  powerful  magnet,  turning  it  over 
and  stroking  it  again  still  in  the  same  direction. 

SINUOSITIES.  The  rate  at  which  a  tuning-fork  or  other  sonorous  body  is  vibrating  may 
be  examined  by  means  of  combining  the  vibratory  motion  of  the  fork  with  a  continuous  motion 
in  another  direction,  most  advantageously  at  right  angles  to  the  direction  of  vibration.  A 
simple  means  of  illustrating  this  method  is  to  fasten  a  little  pointed  steel  spring  to  one  limb  id 
a  tuning  fork,  and,  when  it  is  in  vibration,  to  draw  over  the  point  a  smoked  glass  plate  in  a 
direction  perpendicular  to  that  of  vibration.  A  wave  line  or  sinuosity  will  be  thereby  scratdied 
on  the  glass.  The  amplitude  of  the  point's  vibration  will  be  the  distance  from  hill  to  valley  of 
the  wave  line ;  and  if  the  motion  of  the  glass  be  uniform,  the  number  of  hills  and  valleys  in  the 
sinuosity  in  a  given  length  will  vary  with  the  rate  of  vibration — ^that  is,  the  pitch  of  the  note. 
A  given  fork  may,  in  tMs  manner,  be  compared  with  a  standard  fork.  The  two  are  set  up  side 
by  side,  and,  being  each  provided  with  graphic  points,  and  set  in  vibration,  the  blackened  plate 
is  drawn  across  both.  The  rate  of  the  plate's  motion  is  now  the  same  in  both,  so  that  the  num- 
bers of  hills  and  valleys  in  the  same  length  of  the  two  sinuosities  are  in  the  same  proportion  aa 
the  pitches  of  the  two  notes.  In  order  to  measure  the  absolute  number  of  vibrations  in  a  given 
time,  the  blackened  surface  must  either  be  made  to  move  across  the  point  at  a  uniform  and 
known  rate,  or  marks  must  be  made  upon  the  surface  at  uniform  intervals  of  time.  The 
"  phonautograph  *'  of  Konig  is  a  contrivance  in  which  the  latter  method  is  adopted.  A  cylin- 
drical metal  drum  can  be  turned  by  a  handle  on  its  axis,  which  is  a  screw  working  into  its  sup- 
port, so  that  when  the  handle  is  turned,  the  cylinder  not  only  turns  round  but  advances.  Hence 
when  a  fixed  point  is  held  against  the  cylinder,  a  spiral  scratch  wHl  be  formed,  the  development 
of  which,  on  a  plane,  being  a  series  of  parallel  straight  lines.  This  cylinder  is  covered  doeely 
with  a  sheet  of  glazed  paper,  which  is  then  blackened  over  a  smoky  flame.  A  fragment  of 
feather  is  fastened  to  the  end  of  the  fork  which  is  being  tested,  and  the  fork  is  fastened  in  a 
horizontal  position,  so  that  the  feather  just  touches  the  cylinder.  Side  by  side  with  the  fork  is 
another  feather,  which  is  in  such  connection  with  a  clock  bavinff  a  seconds'  pendulum,  that^  at 
every  second  the  feather  is  brought  into  momentary  contact  with  the  cylinder.  This  is  effected 
by  making  the  pendulum  of  the  clock  at  each  oscillation  complete  a  galvanic  circuit,  which 
creates  an  electro-magnet  near  the  bent  short  arm  of  the  lever  upon  whidi  the  second  feather  it 
placed.  The  clock  being  set  going,  and  the  fork  being  made  to  vibrate,  the  handle  of  tfao 
cylinder  is  turned.  The  feather  on  the  fork  gives  rise  to  a  sinuous  line,  while  the  feather  in 
connection  with  the  clock  gives  a  series  of  dots  side  by  side  with  the  nnuosity.    Since  these 
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dots  are  made  at  mtervala  of  a  second  of  time,  the  nmnber  of  sinuosities  in  the  line  between 
two  dots  gives  the  rate  of  -vibration  of  the  fork  per  second. 

SIPHON,  or  SYPHON.  In  its  simplest  form  is  merely  a  tube  open  at  both  ends,  and 
bent  at  an  angle  of  about  45°  C.  near  its  centre.  If  such  a  tube  be  filled  with  water,  its  two 
ends  closed  and  inverted,  so  that  one  end  is  in  a  basin  of  water,  and  so  that  the  surface  of  water 
in  the  basin  is  at  a  higher  level  than  the  end  of  the  tube  outside,  which  may  be  called  the  longer 
limb,  the  water  will  rise  in  the  shorter  limb,  pass  the  bend,  and  fall  down  the  longer  limb,  so 
as  to  empty  the  basin,  or,  at  all  events,  bring  the  surface  of  the  water  in  it  to  the  same  level 
as  that  of  the  end  of  the  longer  limb.  The  action  of  the  syphon  may  be  compared  to  that  of  a 
chain  placed  over  a  fixed  pulley  which  turns  with  little  friction,  the  chain  being  heaped  at  each 
end  on  a  platfonn.  If  the  two  platforms  are  of  the  same  height  from  the  ground,  it  ii  dear 
that  the  two  portions  on  each  side  of  the  pulley  will  balance  one  another ;  but  if  one  platfonn 
is  lower  than  the  other,  the  longer  part  will  outweigh  the  shorter,  and  the  chain  passing  round 
the  pulley  will  heap  itself  on  the  lower  stage.  In  this  illustration  it  hi  the  tension  of  the  chain 
which  keeps  it  from  breaking.  In  the  case  of  the  syphon,  we  have  a  longer  column  of  liquid 
outweighing  a  shorter  one.  The  column  is  maintained  entire  or  continuous  by  the  equal  pres- 
sure of  the  air  on  both  open  ends  of  the  tube.  These  pressures  being  equal  and  opposite,  will 
not  interfere  with  the  motion.  The  latter  ia  brought  about  by  a  force  equal  to  the  weight  of  a 
column  of  water,  whose  height  is  equal  to  the  difference  between  the  vertical  distance  from  the 
surface  of  water  in  the  basin  to  the  top  of  the  syphon,  and  the  distance  from  the  open  outer 
opening  to  the  top  of  the  syphon.  For  it  is  dear,  ist,  that  the  effort  of  the  water  in  the  nhorter 
end,  as  far  as  the  surface  of  the  liquid  in  the  basin,  is  neutralised  by  the  pressure  of  the  water 
in  the  basin ;  and,  2d,  that  the  column  of  water  in  the  shorter  limb  is  counteracted  by  that  in 
an  equal  length  of  the  longer  one.  By  means  of  a  syphon  it  is  impossible  to  raise  water  more 
than  32  feet,  because  if  a  tube  of  such  dimensions  be  filled  with  and  inserted  into  water,  then 
the  top  of  the  arch  is  more  than  that  distance  above  the  surface  of  the  water,  the  atmosphere 
will  no  longer  be  able  to  support  either  column,  and  thev  will  separate  at  the  top.  Syphons 
which  are  used  for  decanting  adds,  spirits,  &c.,  are  usually  provided  with  a  cock  near  the  end 
of  the  longer  limb,  immediately  above  which  is  a  tube  opening  into  the  longer  limb,  and  being 
parallel  therewith,  this  tube  is  open  at  the  top.  The  shorter  limb  being  placed  in  the  liquid, 
the  cock  is  turned  off,  and  the  air  is  sucked  oat  of  the  auxiliary  tube.  The  air  then  forces  the 
liquid  up  past  the  bend  and  down  the  shorter  limb.  At  the  moment  it  begins  to  enter  the 
auxiliary  tube  the  mouth  is  withdrawn  therefrom,  and  the  cock  at  the  bottom  of  the  longer 
limb  is  opened.  By  this  means  no  liquid  is  spilled,  and  there  is  no  danger  of  any  entering  the  mouth. 

SIPHON  BABOMETEB.    See  Barometer. 

SIEIUS.  (ZelpioSf  ecorching.)  The  star  a  in  the  constellation  Canis  Major.  Sirius  is  the 
brightest  star  in  the  heavens.  It  was  described  by  Seneca  as  resembling  Mars  in  redness,  and 
by  Ptolemy  as  similar  in  colour  to  Antares,  a  noted  red  star  (q.v.)  Aratus  uses  the  term 
ToucLXoif  which,  however,  according  to  the  usage  of  the  andents,  need  not  be  intended  to  ex- 
press colour.  The  change  of  colour,  if  establlBhed  by  the  evidence,  is  a  phenomenon  of  the 
most  remarkable  character.  It  may  be,  perhaps,  associated  with  the  change  of  pontion  of  tlim 
brilliant  star.  Buddiness  is  a  common  cnaracteristic  of  stars  near  the  Milky  Way,  and  SiriuB 
must  have  travelled  several  billions  of  miles  from  the  neighbourhood  of  the  Milky  Way  since 
the  time  of  Seneca. 

SIROCCO.  The  name  of  a  hot  wind  blowing  from  the  African  desert  across  Sidly  and 
South  Italy,  sometimes  even  extending  so  far  as  the  Black  and  Caspian  Seas.  Though  coming 
from  a  rainless  region,  it  is  a  moist  wind  when  i^  reaches  Italy,  having  acquired  moisture  from 
the  Mediterranean.     It  causes  a  feeling  of  intense  weakness  and  depression. 

SKAT.    (Arabic.)    The  star  8  of  the  constellation  Aquarii. 
-  SKY,  POLABISATION  OF.    See  PolarUaiian  of  Ou  Sly. 

SLE£T.    Snow  which  has  become  half  mdted  while  in  the  act  of  falling. 

SLIDE  VALVE.  A  contrivance  for  alternately  opening  and  closing  the  pMsages  by  means 
of  which  the  steam  can  enter  and  leave  the  cvlinder  ox  a  steam-engine.  Various  forms  of  slide 
valve  are  used,  but  they  differ  one  from  another  but  little  in  the  priodple  of  their  action.  The 
three-fHnied  dide  valve  consists  of  a  box  with  three  apertures  or  ports,  A,  B^  and  C.  A  com- 
municates with  the  top  of  the  cyUuder,  C  with  the  bottom,  and  B  with  the  condensing  appa- 
ratus, or,  in  the  case  of  high-pressure  engines,  leads  into  the  air.  The  lid  of  this  box  is  capable 
of  sliding  over  it,  and  is  hollowed  on  the  inner  side.  It  is  not  large  enough  to  cover  all  the 
three  ports,  but  only  two  of  them.  When  the  lid  is  over  A  and  B,  Uie  steam  from  A  can  pass 
away  from  the  cylinder  through  B,  and  at  the  same  time  C  will  be  in  communication  with  tbe 
boiler.  When  the  slide  descends,  the  passage  of  the  steam  through  0  into  the  cylinder  will  be 
cat  oSff  and  that  through  A  opened,  and,  at  the  same  time,  communication  between  C  and  B 
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will  be  established.  The  steam  will  then  enter  by  A  above  the  piston,  and  pass  out  bj  G  froan 
below.  By  lengthening  the  foot  of  the  slide,  the  steam  can  be  cut  off  from  one  part  before  it 
is  let  into  the  other.     Another  form  of  slide  valve  is  termed,  from  its  shape,  the  D  valve. 

SMALT.  A  blue  pigment  prepared  by  melting  together  cobalt  ores,  pofessh,  and  silica  so  as 
to  form  a  glass  of  the  composition  of  double  silicate  of  potassium  and  cobalt  It  is  reduced  to 
a  minute  state  of  division  by  levigation. 

SMEE'S  GALVANIC  BATTERY  is  made  up  of  cells,  each  of  which  consists  of  a  thin 
plate  of  silver,  covered  over  with  finely-divided  platinum,  and  facing  it  on  each  side  a  plate  of 
amalgamated  zinc  (that  is,  zinc  coated  with  mercury  bv  dipping  in  mlute  add  and  then  rub  the 
surface  with  mercury),  insulated  from  the  platinised  silver,  but  connected  together  metallically. 
A  binding  screw  is  attached  to  the  platinised  silver  plate,  and  another  to  the  zinc  plates.  The 
pair,  thus  arranged,  ii  placed  in  dilute  sulphuric  acid.  The  terminal  connected  with  the  silver 
plate  is  positively  elecdified,  that  connected  with  the  zinc  negatively.  In  this  battery  deposi- 
tion of  hydrogen  on  the  plate  not  acted  upon  by  the  liquid,  wMch,  when  permitted,  gives  rise  to 
diminution  of  the  current,  is  prevented  mechanically.  The  ruffled  surface  which  is  presented 
by  the  silver  plate  covered  with  very  finely-divided  platinum  has  but  little  adhesion  for  the  gas, 
which  therefore  rises  to  the  surface  as  soon  as  it  is  generated. 

SNOW.  The  frozen  water  which  falls  instead  of  rain  when  the  temperature  is  below  the 
freezing  point.  The  ultimate  constituents  of  snow  are  tiny,  six-pointed  crystals  of  ice.  They 
assume  in  combination  a  thousand  different  figures,  all  exceedingly  beautifuL  Scoresbj, 
Glaisher,  Lowe,  and  others  have  described  and  fififured  about  that  number  of  varieties,  though 
doubtless  there  are  many  more.  (Professor  TyndeJl  has  shown,  further,  that  the  ultimate  par- 
ticles of  ice  are  also  these  six-pointed  stars.)  The  white  colour  of  snow  is  caused  by  the  cxmi- 
mingling  of  rays  of  all  the  prismatic  colours  from  the  minute  snow  crystals.  Separately,  the 
crystals  exhibit  different  colours. 

Snow  is  usually  from  ten  to  twelve  times  as  light  as  water,  bulk  for  bulk ;  so  that,  where  the 
snow  falls  pretty  evenly,  the  corresponding  rainfall  is  readily  determined  by  merely  measuring 
the  depth  of  snow  and  taking  one-tenth  of  the  result.  The  more  accurate  plan,  however,  is  to 
thrust  the  open  end  of  a  cylindrical  vessel  into  the  snow,  inverting  the  cylinder,  and  then 
melting  the  snow  in  it. 

Snow  plays  an  important  part  in  the  economy  of  nature.  In  the  first  place,  the  mere  trans- 
formation of  the  water  particles  into  ice  is  a  process  during  which  a  lai^  amount  of  heat  is 
given  out ;  so  that  we  may  regard  the  formation  of  snow  as  a  process  tending  to  render  the 
air  currents  warmer  than  tiiey  would  otherwise  be.  Then  when  the  snow  has  fallen  it  serves  to 
protect  the  ground,  for,  owing  to  its  loose  texture,  it  is  a  bad  conductor  of  heat ;  so  that,  while 
checking  the  radiation  of  heat  from  the  earth  into  space,  it  does  not  draw  off  the  earth*s  heat 
by  conduction.  The  ground  is  thus  often  20**  or  30^  warmer  than  the  surface  of  the  snow  above 
it,  and  sometimes  the  difference  of  temperature  has  been  more  than  40^ 

Med  tnow  and  green  enow  have  been  met  with,  more  commonly  in  Arctic  regions,  but  also  in 
other  parts  of  the  world.  These  colours  are  caused  by  the  presence  of  minute  organisms — a 
•pedes  of  alga  called  Protoeoccus  nivaliB. 

SNOW-LINE.  The  line  on  mountain  slopes  below  which  all  the  snow  which  falls  in  the 
year  melts  during  the  summer.  Above  the  snow-line,  ther^ore,  lies  the  region  of  perpetual 
snow.  The  altitude  of  the  snow-line  depends  on  a  variety  of  conditions.  The  latitude  of  a 
mountain  range  is,  of  course,  important  in  determining  the  position  of  the  snow-line,  but  many 
other  circumstances  have  to  be  conddered,  as^the  shape  and  slope  of  the  mountain,  the  aspect 
of  either  dde  of  the  range,  the  character  of  the  surrounding  country,  the  prevalent  winds,  and 
so  on.    (See  Climate.) 

The  following  table,  showing  the  observed  hdght  of  the  snow-line  in  feet  above  the  sea  level 
in  different  places,  is  taken  from  Buchan's  exoellent  '*  Handy  Book  of  Meteorology :" — 
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(See  farther  Humboldt's  FragtMns  Anatiqaes^  and  the  AnnaUa  de  Ckimie,  torn,  xiv.) 

SOAP.  Combinations  of  the  alkalies  potash  and  soda  with  fatty  acids,  such  as  oleic,  mar- 
garic,  stearic  acids,  are  what  are  usually  called  soaps,  but  the  term  is  frequently  extended  to 
the  fatty  salts  of  other  bases  ;  thus  oleate  of  lead,  or  lead  plaster,  is  called  lead  soap,  and  the 
chemist  speaks  of  copper  soap,  lime  soap,  zinc  soap,  &c.  Potash  soaps  are  usually  deliquescent 
and  soft,  and  are  known  commercially  as  soft  soap,  whikt  soda  salts  of  fatty  adds  are  hard, 
solid,  and  permanent  in  the  air,  and  are  known  as  hard  soap.  Soap  is  perfectly  soluble  in  hot 
water,  but  is  insoluble  in  a  dilute  solution  of  common  salt,  and  this  reaction  is  frequently  made 
use  of  in  manufactures.  Ordinaiy  hard  soap  consists  of  a  mixture  of  oleate,  palmitate,  and 
stearate  of  soda^  When  ndxed  with  water  it  is  decomposed  into  an  acid  salt,  which  precipitates 
as  a  turbidity  (soap  suds)  and  alkali,  which  dissolves.  It  is  partly  to  this  alkali  that  tiie 
detergent  action  of  common  soap  is  due.  The  blue,  mottled  appearance  of  some  common  soaps 
is  due  to  the  presence  of  iron  or  copper  soap,  which  agglomerates  in  veins.  Marine  soap  is 
produced  by  the  saponification  of  cocoa-nut  oil.  Tnis  is  soluble  in  dilute  solution  of  salt,  and  is 
therefore  applicable  for  use  with  sea  water.  Tellow  soap  contains  resin  soap  mixed  with  ordi- 
nary tallow  soap.  Mr.  Grossage  has  successfully  applied  silicate  of  sodium  as  an  adjunct  to 
true  soap.  As  this  possesses  considerable  detergent  properties,  it  is  a  valuable  addition,  as  i^* 
enables  the  price  to  be  reduced  without  injuring  the  quality.     (See  Saponification.) 

SODA.    See  Sodium, 

SODAMMONIUM.    See/Sbduim. 

SODIUM.  A  metallic  element  belonging  to  the  alkali  group,  and  bearing  great  resem- 
blance to  potassium ;  its  compounds  are  very  widaly  distributed  in  nature,  the  chloride  being 
common  salt.  In  the  metallic  state  sodium  has  a  brilliant  silver^white  colour,  it  is  of  a  waxy 
consistency  at  the  ordinary  teniperature ;  at  95*6"  G.  (204^  F.)  it  melts,  and  at  a  red  heat 
volatilises.  Specific  gravity,  0*90.  Atomic  weight,  23.  Symbol,  Na  (from  Nainium.)  When 
dropped  upon  water,  it  decomposes  it  with  evolution  of  hydrogen,  but  the  temperature  generally 
does  not  rise  to  the  point  of  ignition.  The  following  are  the  most  important  compounds  of 
sodium: — 

Soday  hydrated  oxide  of  sodium,  or  hydrate  of  sodium  (Na,O.H]0),  known  also  as  caustic 
soda,  is  a  white  opaque  mass  melting  below  redness,  and  solidifying  to  a  fibrous  cake,  having  a 
specific  gravity  01  2*0.  It  is  deliquescent  in  the  air,  and  rapidly  absorbs  carbonic  acid ;  its 
solution  is  of  a  highly  alkaline  and  caustic  character,  closely  resembling  a  solution  of  pot- 
ash. It  is  now  prepared  in  enormous  quantities,  and  is  used  in  many  manufacturing  opera- 
tions. 

(Monde  of  Sodium  (NaCl),  known  also  as  common  salt,  sea  salt,  rock  salt,  ^&  This  veiy 
widely  distributed  substance  is  in  the  pure  state  a  compound  of  the  metal  sodium  with  chlorine  ; 
it  cxystallises  in  colourless  transparent  cubes,  which  possess  a  specific  gravity  of  2*5.  At  a  red 
heat  chloride  of  sodium  melts,  and  volatiHses  at  a  little  higher  temperature.  It  dissolves 
in  about  three  parts  of  water  at  any  temperature ;  it  Iei  insoluble  in  alcohol,  and  in  strong 
hydrochloric  acid.  The  other  compounds  of  sodium  which  require  notice  are  described  under 
the  headings  of  the  adds.  Professor  Seely  {CkemiccU  Newt^  November  4, 1870)  announces  that 
anhydrous  liquid  ammonia  dissolves  metallic  sodium,  the  liquid  presenting  all  the  physical 
ohiuracteristics  of  a  true  solution.  On  evaporation  the  sodium  is  gradually  restored  to  the 
metallic  state,  in  the  same  continuous  manner  in  which  the  solution  has  been  effected.  The 
colour  of  the  solution  is  a  very  intense  blue,  and  its  high  tinctorial  power  in  urged  as  an  arga- 
ment  in  favour  of  the  idea  that  the  metal  is  in  simple  solution.  Weyl  {Poffg.  Ann,  cxxi.  697) 
formerly  prepared  the  same  compound  by  condensing  dzy  gaseous  ammonia  by  pressure  and 
cold  on  sodium,  and  considered  it  to  be  sodammoniimi  NH|Na.  Professor  Seely,  however, 
without  adducing  any  arguments  in  support  of  his  assertion,  says  that  Weyl  mistook  the  nature 
of  tills  product. 

SOILS,  CHEMISTRY  OF.  The  general  piindplee  of  vegetable  nutrition  are  explained  else- 
where. (See  Veffet(Me  Nutrition,)  A  soil  consists  of  a  mixture  of  mineral  substances  resulting  from 
the  decay  of  rocks  through  atmospheric  or  other  influences,  and  organic  matter  resulting  from 
the  decay  of  vegetable  matter.  To  these  must  be  added  those  mineral  and  organic  materials 
which  are  added  in  the  form  of  manure.  That  part  of  the  surface  which  has  b^n  turned  over 
by  tiie  plough  or  spade,  and  has  become  mixed  with  decayed  vegetable  matter,  \a  called  the  soil 
proper,  whilst  the  underneath  portion,  consisting  chiefly  of  (Oidntegrated  rock,  is  called  the 
$ub-»oU,  The  mineral  constituents  of  the  vegetable  are  derived  entiraly  from  the  soil,  and  the 
organic  matter  which  it  contains  supplies  carbonic  add  and  ammoma^  these  being  also  largely 
contributed  by  the  atmosphere.  Soils  vaiy  greatly  in  their  mineral  oonstitnents,  and  as  the 
mineral  insredients  of  the  plant  also  vary  considerably,  it  frequently  happens  that  a  particular 
mineral  substance,  which  the  plant  requires  for  its  growth,  is  not  present  in  the  soil ;  this  must 
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then  either  be  supplied  artificiallj  in  the  form  of  mannre,  or  some  other  plant  more  fitted  to 
the  available  constituent  of  the  soil  must  be  cultivated  thereon.  It  is  not  neoessarj  that  a  snb* 
stance  should  be  soluble  for  it  to  be  absorbed  by  the  roots  of  a  plants  although  abeorption  is 
much  easier  when  the  salts  are  in  solution.  Salts,  such  as  nitrate  of  smmonia,  &c.,  brought 
down  by  rain,  or  scattered  artificially  over  the  surface,  are  not,  as  might  be  supposed,  washed 
away  by  rain  and  lost  in  the  drainage  (except  to  some  extent  on  very  stiff  clay  or  loose  sand), 
but  the  soil  has  the  power  of  absorbing  the  soluble  constituents  presented  to  it,  and  retaining 
them  in  a  form  readily  assimilable  by  the  roots.  It  may  be  taken  for  granted  that  good  soilB 
contain  more  than  sufficient  mineral  ingredients  for  the  proper  development  of  any  plant*  bat 
when  a  plant  is  grown  on  it  year  after  year  without  artificial  manure,  the  available  amount  of 
some  constituent  may  became  exhausted.  If  now  the  soil  be  allowed  to  lie  fallow  it  beoGtmes 
disintegrated  by  the  action  of  heat,  cold,  and  moisture,  the  rocks  are  acted  upon  by  the  carbonic 
add  brought  down  by  the  rain,  and  chemical  changes  take  place  which  result  in  the  liberation 
of  a  fresh  supply  of  mineral  nourishment.  Hence  the  philosophy  of  subsoil  ploughing,  which 
brings  unexhausted  mineral  matter  to  the  surface,  and  of  allowing  the  Luid  to  lie  fallow 
periodically,  by  which  means  chemical  disintegration  of  the  rock  mass  is  effected.  Bat  by  a 
judicious  system  of  rotation  of  crops  the  necessity  of  fallow  may  be  avoided,  as  after  a  run  upon 
one  mineral  ingredient  a  crop  may  be  grown  which  requires  excess  of  some  other  ingredient  of 
which  the  first  crop  has  not  removed  much,  and  so  on,  until,  in  the  course  of  three  or  four  years, 
a  new  supply  of  mineral  matter  will  have  been  drawn  from  the  almost  unlimited  stores  of  the 
soil,  ready  to  be  presented  again  to  crop  nnmber  one  when  it  comes  round  in  rotation. 

SOLANO.  The  name  of  a  south-east  wind  blowing  over  Spain.  It  is  hot  and  dusty,  cans- 
ing  great  uneasiness  and  a  sense  of  irritation,  insomuch  that  the  Spaniard  has  a  saying,  "  Aak 
no  favour  during  the  Solana" 

SOLAR  ECLIPSE.    See  Edipte. 

SOLAR  MICROSCOPE.  This  is  very  similar  in  construction  to  the  magic  lantern  and 
megascope;  sunlight  reflected  from  a  mirror  or  hdiotUU,  and  concentrated  by  a  converging  lens 
being  used  as  the  illuminating  agent.  Owing  to  the  large  amount  of  light  available  when 
sunl^ht  is  used  the  lenses  in  the  solar  microscope  are  made  of  shorter  focus  than  those  in  the 
magic  lantern  or  megaseopCf  so  as  to  produce  greater  magnifying  power. 

SOLAR  SPECTRUM.    Bee  Fraunkofer't  Lines ;  Spectrum;  Spectrum  Analysis, 

SOLAR  SPECTRUM,  NORMAL.    See  Nomud  Solar  Spectrum, 

SOLAR  TELESCOPE.  In  observations  on  the  solar  disc  it  is  desirable  to  employ  an  object- 
glass  of  as  large  a  diameter  as  possible.  But  the  objection  to  this  has  always  been  that  such  an 
immense  amount  of  heat  is  concentrated  at  the  focus,  that  the  dark  glasses  ^hich  should  protect 
the  observer  are  frequently  shattered  to  pieces,  to  the  great  risk  of  the  eyesight.  A  partial 
remedy  for  this  evil  is  effected  by  diminishing  the  aperture  of  the  object-glass,  but  the.  definition 
in  this  case  is  very  inferior.  Foncault  has  devised  an  ingenious  method  for  close  observation  of 
the  solar  disc.  (L'Institut,  1866,  pp.  281,  313.)  Having  noticed  that  no  heat  and  very  little 
light  is  transmitted  through  the  thin  bright  coating  on  glass  which  has  been  silvered  by  laebig'a 
process  (see  Silvered  Mirror),  he  coated  the  outer  surface  of  the  object-glass  of  a  refracting 
telescope  with  such  silvering,  and  found  as  he  expected  that  all  heat  rays  were  reflected,  as  also 
the  greater  part  of  the  light,  so  as  to  permit  only  a  pale  bluish  violet  to  pass  through.  Leverrier 
has  reported  most  favourably  as  to  the  results  obtained  by  a  nine-inch  refractor  (equatorial). 
No  heat  could  be  felt  in  the  veiy  focus  of  the  object-glass  directed  towards  the  sun,  thus  freeing 
all  solar  observations  from  a  very  great  cause  of  error.  Furthermore,  only  the  ultra-red  rays 
are  really  absorbed ;  all  others  are,  as  the  prismatic  spectrum  shows,  only  diminished  in  inten- 
sity so  as  to  give  a  steady  and  pure  image  of  the  sun,  showing  all  details  of  outline  and  colour 
with  excellent  definition,  and  permitting  the  use  of  a  magnifying  power  of  300.  It  is  evident 
that  an  object-glass  so  silvered  is  rendered  useless  for  ordinarv  astronomiod  work.  Instead, 
therefore,  of  silvering  the  object-glass,  a  sheet  of  plate-glass  with  parallel  sides  is  silvered,  and 
this  is  placed  in  front  of  the  object-glass  of  the  telescope  when  solar  observations  are  desired. 
(See  Tdescope.) 

SOLAR  SYSTEM.  The  system  of  bodies  of  which  the  sun  is  the  ruling  centre.  It  includes 
the  Sun,  Planets,  Asteroids,  Satellites,  Comets,  Meteors  (see  Meteors,  Luminous),  and  Meteor 
Systems,  The  different  theories  Ptolanaic,  Tychonic,  Copemican,  KepUrian,  and  Nevatonvan,  ao- 
oording  to  which  the  motions  of  the  various  members  of  the  solar  system  have  been  regarded, 
win  be  found  under  their  several  heads.  We  propose  here  to  consider  briefly  the  general  rela- 
tions presented  by  the  solar  system. 

From  being  looked  upon  as  a  system  consisting  of  seven  separate  orbs,  the  solar  system  has 
come  in  our  day  to  be  regarded  as  a  scheme  whose  constitution  is  of  the  most  complex  and 
diversified  character.    Besides  the  sun  and  the  four  minor  planets  which  dzculate  nearest  to 
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liun  we  see  the  four  major  planets  travelling  along  vaf«t  orbits,  separated  by  distances  far  exceed- 
ing the  diameter  of  the  scheme  of  minor  planets.  Between  the  schemes  of  the  major  and  minor 
planets  we  see  the  zone  of  asteroids,  whose  members  are  doubtless  to  be  counted  in  reality  by 
thousands.  Then,  dependent  on  the  planets,  we  see  the  satellites^— one  only  of  these  secondary 
orbs  being  found  within  the  scheme  of  minor  planets,  but  around  the  major  planets  are  systems 
of  satellites  forming  miniatures  of  the  solar  scheme  itself.  Around  Saturn  again  circles  that 
wonderful  scheme  of  nngs,  including  myriads  of  tiny  satellites  involved  in  a  vaporous  atmos- 
phere. Then  we  recognise  families  of  comets  attending  on  the  sun  ;  not,  indeed,  that  very  many 
such  comets  have  been  discovered,  but  because  the  laws  of  probability  teach  us  that  for  each  dis- 
covered sun-attending  comet  multitudes  of  others  must  remain  undetected.  We  recocnise  the 
existence  of  myriads  of  meteoi^ystems ;  and  here,  again,  it  is  not  that  myriads  have  been 
actually  discovered,  but  that  the  laws  of  probability  force  us  to  believe  that  for  each  meteor- 
system  of  the  hundred  passed  through  by  the  earth  there  must  be  thousands  which  she 
does  not  approach.  And  finally,  seeing  that  when  the  sun  is  totally  eclipsed  there  blazes  sud- 
denly into  view  a  glorious  crown  of  radiating  light,  and  remembering  that  even  when  he  is  only 
hidden  from  view  by  the  earth's  globe  the  outskirts  of  this  gloiy  are  seen  in  the  zodiacal  light, 
we  are  led  to  believe  that  in  the  sun's  inunediate  neighbourhood  these  meteoric  and  cometic 
systems  are  densely  crowded,  even  if  there  be  not  mixed  up  with  them  other  forms  of  matter 
as  yet  not  dearlv  discemed  by  us. 

Such  is  the  solar  system  as  presented  to  us  by  modem  astronomy.  Each  year  the  economy 
of  this  wondrous  scheme  becomes  more  clearly  understood,  and  each  discovezy  presents  more 
strikingly  before  us  the  singular  complexity  of  structure  and  the  amazingly  exuberant  vitality 
of  that  scheme  which  is  second  only  to  the  sidereal  system  itself  among  the  orders  of  created 
objects  presented  to  the  contemplation  of  mankind. 

SOLENOID.  A  helix  of  wire  made  use  of  in  electrical  experiments.  (See  Electro-Difruimict.) 
It  is  constructed  by  winding  stout  copper  wire  upon  a  convenient  cylinder  of  wood  or  pasteboard, 
which  is  then  withdrawn  from  the  helix  formed  ;  the  ends  of  the  wire  are  then  turned  in  so  as 
to  pass  along  the  axis  of  the  helix  to  the  middle,  where  they  are  brought  out  between  two  of 
the  turns  and  can  be  attached  to  the  terminals  of  a  battery  in  any  required  way.  The  different 
parts  of  the  helix  are  insulated  from  each  other  either  by  using  covered  wire,  or,  which  is  pre- 
ferable, by  using  stiff  wire  and  bending  it  so  that  the  parts  may  not  be  in  contact. 

SOLIDIFICATION  is  the  passage  of  bodies  from  the  liquid  to  the  solid  state.  The  process 
is  the  reverse  of  that  known  as  fusion.  It  is  accompanied  by  evolution  of  heat  and  in  general 
by  change  of  volume.     Two  principal  laws  govern  the  phenomenon. 

(i.)  £aeh  tubHance  iolidifies  at  a  fixed  temperature  if  the  pressure  upon  it  be  always  ihe  same; 
that  temperature  is  the  temperature  of  fusion  for  the  body, 

(2.)  From  the  commencement  to  the  dose  of  the  process  the  temperature  of  the  liqttid  remains  at 
this  fixed  point. 

The  influence  of  pressure  upon  the  temperature  of  solidification  is  referred  to  under  a  separate 
heading.  {Freezing  Point,  Jf^uence  of  Pressure  on.)  Professor  James  lliomson  showea  that 
when  bodies  which  expand  on  solidifying,  as  ice  does,  are  subjected  to  pressure,  the  freezing 
point  is  lowered,  while  the  application  of  pressure  raises  the  point  of  solidification  of  bodies 
which  contract  on  aawnming  the  solid  condition.  Under  certain  circumstances  it  is  possible  to 
cause  a  departure  from  the  first  law.  If  water  be  deprived  of  air  by  boiling,  and  be  pennitted 
to  cool  under  a  layer  of  oil  so  as  to  prevent  its  absorbing  more  air,  it  may,  if  kept  perfectly  still, 
be  reduced  to  a  temperature  many  degrees  below  its  freezing  point ;  on  enclosing  it  also  in  fine 
capillary  tubes  M.  Despretz  lowered  its  temperature  to  —  20"  C.  before  it  solidified.  In  the 
first  case,  however,  on  causing  solidification  to  taJce  place,  which  may  be  done  by  gently  disttu*!)- 
ing  the  water  or  by  dropping  in  a  small  spicule  of  ice,  a  quantity  of  ice  is  suddenly  formed 
BiiSicient  by  the  heat  that  it  gi^M  out  to  raise  the  temperature  of  the  whole  liquid  to  the  ordi- 
mury  freezing  point,  and  solidification  then  goes  on  steadily  and  gradually  if  the  water  be  con- 
nected with  some  arrangement  for  removing  heat  from  it. 

The  term  solidification  is  sometimes,  though  not  generally,  applied  to  oases  in  which  bodies 
are  precipitated  or  crystallise  from  solutions. 

llie  reader  will  find  some  further  remarks  on  this  and  the  kindred  subjeots  under  Fusion, 
Liqu^flcation;  Latent  Beat;  Begdation^  kc. 

SOLIDS,  SPECTRA  OF  INCANDESCENT.  With  perhaps  one  exception  (that  of  the 
rare  earth  Erbia),  incandescent  solids  give  a  spectrum  which  is  continuous  from  one  end  to  the 
other.  Such  spectra  are  classed  by  Mr.  Huggins  as  of  the  firrt  order.  {QeeSpeetra  of  the  First 
Order;  Spectrum;  Spectrum  Analysis.) 

SOLSTICE.  {Sclstitium.)  The  points  where  the  sun  reaches  his  greatest  distance  from  the 
oeleatial  equator  are  called  the  aoliticcs,  the  summo'  sMke  being  the  point  of  the  sun's  path 
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farthest  to  the  north  of  the  eqnator,  the  toinUr  toUHce  the  point  farthest  to  the  south.     When 
the  sun  is  at  the  former  point  it  is  midsununer,  when  he  is  at  the  latter  it  is  midwinter. 

SOLUTION.  When  a  liquid  adheres  to  a  solid  with  sufEdent  foroe  to  overoome  Us 
cohesion  tiie  solid  is  said  to  undei^go  solution,  or  to  be  dissolved.  Thus  water  dissolves  salt ; 
spirits  of  wine,  resin ;  mercury,  silver  or  lead,  and  so  on.  By  diminishing  cohesion  in  the  solid, 
as  by  reducing  it  to  powder,  solution  is  facilitated  in  consequence  of  the  larger  extent  of  surface 
exposed  to  the  action  of  tiie  solvent.  Heat  also,  by  diminishing  cohesion,  favouzs  solutiofii. 
The  first  portions  of  solid  added  to  the  liquid  may  disappear  quickly,  but  as  fresh  portions  are 
added  solution  goes  on  more  and  more  slowly  untU  it  ceases  altogether.  In  such  case  the  f oioes 
of  adhesion  and  cohesion  balance  each  other,  and  the  liquid  is  said  to  be  aatwutecL  The  best 
method  o'f  watching  solution  is  to  suspend  the  solid  in  a  muslin  bag,  or  in  a  perforated  veael  at 
the  top  of  a  column  of  water,  when  dense  saccharine-looking  streams  will  descend,  at  first 
rapidly,  and  then  more  and  more  slowly,  until  saturation  is  attained.  During  the  cooling  of  a 
boiling  saturated  solution  these  saccharine-looking  streams  may  be  seen  long  before  a  solid  cmst 
forms  on  the  surface. 

Various  «olids  dissolve  in  the  same  liquid  at  yery  different  rates.  Baric  sulphate  maj  be 
said  to  be  insoluble ;  caldc  sulphate  requires  700  parts  of  water  for  solution  ,  potassic  sulphftte 
16 ;  magnesic  sulphate  i^.  When  water  is  saturated  with  one  salt  it  will  dissolve  other  salts 
without  increase  of  bulk.  Some  curious  details  on  this  subject  are  given  in  the  Chemdeal  Newt, 
July  29,  1870. 

It  sometimes  happens  that  the  addition  of  a  second  solid  will  displace  the  first,  already  in 
solution.  This  happens  where  the  adhesion  between  the  liquid  and  the  solid  is  weak ;  tiius 
Prussian  blue  ii  dissolved  by  distilled  water  acidulated  with  oxalic  add ;  but  it  is  thrown  down 
on  the  addition  of  a  solution  of  common  salt,  or  of  sodic  sulphate. 

It  does  not  always  happen  that  heat  increases  the  solvent  powers  of  a  liquid.  Lime  is  mote 
soluble  in  cold  water  than  in  hot,  so  that  cold  water  saturated  with  lime  becomes  turbid  if 
heated.  So  also  a  compound  of  lime  and  sugar,  soluble  in  cold  water,  is  separated  from  solutioii 
if  heated  to  boiling.  Certain  salts  also  attain  a  maximnm  of  solubility  long  before  the  liquid 
reaches  the  boiling  point.  Sodic  sulphate,  for  example,  is  most  soluble  at  about  33**  C.  (92^  F.) 
than  at  higher  temperatures.  Sodic  seleniate  and  ferrous  sulphate  are  further  examples  of  this 
curious  point.  Graham  long  ago  pointed  out  that  heat  diminishes  the  force  of  adhesion  as 
well  as  that  of  cohesion,  the  latter  being  in  general  more  rapidly  diminished  by  heat  than  the 
former  force.  Hence  in  these  exceptional  cases  the  adhesion  of  the  water  decreasing  in  a 
greater  ratio  than  the  cohesion  of  the  salt  may  accoimt  for  the  peculiarity  in  question.  But^ 
on  the  other  hand,  common  salt  has  sensibly  the  same  solubility  at  all  temperatures,  between  o^ 
and  100"  C,  whereas  most  salts,  such  as  potassic  nitrate,  increase  considerably  in  solubility  as 
the  temperature  rises  to  the  boiling  point.  It  would  be  a  curious  and  interesting  inquiry,  as 
Professor  Sullivan  suggests,  to  endeavour  to  determine  the  condition  of  salts  in  solution  at 
temperatures  very  much  above  the  boiling  point  of  water.  Boradc  add,  for  example,  is  volatQe 
in  the  vapour  of  water ;  hence,  it  does  not  follow  that  salts  would  be  precipitated  when  water 
under  the  influence  of  a  high  temperature  assumed  the  gaseous  state ;  but  the  saline  molecal«si 
might  still  remain  attached  to  the  gaseous  molecules. 

Solutions  differ  from  chemical  compounds  in  retaining  the  properties  both  of  the  solvent  and 
of  the  solvend  ;  thus,  camphorated  spirit  retains  the  properties  both  of  camphor  and  of  spirit ; 
but  the  properties  of  the  chemical  compound  water,  for  example,  have  nothing  in  common  with 
the  properties  of  its  constituent  gases.  Moreover,  solution  is  accompanied  by  a  lowering  of 
temperature  ;  but  where  a  definite  chemical  compound  is  formed,  as  when  water  and  lime  are 
brought  together,  heat  is  evolved. 

We  have  no  very  intimate  knowledge  as  to  the  condition  of  compound  bodies  in  solution.  In 
the  case  of  hydrated  salts  it  is  probable  that  the  water  of  crystallisation  quits  the  saline  mole- 
cules, and  that  the  salt  exists  in  solution  in  the  anhydrous  form.  This  is  highly  probable  in 
the  case  of  sodic  sulphate,  which  crystaUises  with  ten  atoms  of  water,  as  Mr.  Tomlinson  has 
shown  in  a  paper  contained  in  the  Phil.  Trans,  for  1868,  and  also  in  more  minute  detail  in  the 
Chemical  News  for  the  3d  and  loth  December  1869. 

But  the  law  of  solubility  up  to  the  temperature  of  boiling  water  ia  scarcely  known  except  in 
the  case  of  a  very  few  salts.  The  elaborate  inquiries  that  have  been  made  on  solutions  refer 
more  chiefly  to  other  parts  of  physics  than  to  solubility,  such  as  the  influence  of  salts  on  the 
boiling  point,  or  the  diffusion,  or  the  capillarity,  or  the  latent  solution  he^t,  or  the  atomic 
volume  of  saline  solutions.  There  are  many  points  connected  with  solution  that  require  investi- 
gation, but  the  inquiry  is  tedious  and  difficult  in  order  to  secure  correct  results  capable  of 
graphic  co-ordination.    (See  SuperstUuration.) 

SOUBBESAUT.    A  term  applied  by  the  Freooh  to  the  inconvenient  and  even  dangerous 
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phenomenA  oi  Immping  or  jumping  diuUUion,    {See  EbvUUion.)    The  term  is  from  the  Spanish  , 
9obre,  upon,  and  the  French  wut,  a  jimip  or  leap ;  thus  the  French  speak  of  "  les  soubresauts 
d*un  cheval;"  "les  soubresauts  d'une  voiture. 

SOUND.  {Sonu8,  a  sound.)  Strictly  speaking  sound  is  an  effect  upon  the  brain,  oonyeyed 
by  the  auditory  nerve.  It  is  generally  considered  to  indude  the  conditions  of  the  air  which 
through  the  intervention  of  the  ear  affect  the  brain.  As  a  science  it  may  be  defined  as  the 
theory  of  vibrations  in  ponderable  matter.  {See  Amplitude  of  Vibration;  Beatt;  Chladtd's 
FiguT€»;  CoUmra  of  Tones;  Gamut;  OrapJUe  Bepreientation  of  Vibrations;  Interference  of 
Sound;  Kaleidophone ;  Loudness  oj  Sound;  Nodes  and  Segments;  Pitch;  Propagation  of 
Sound;  Jt^ifUction  cf  Sound;  Brfraction  cff  Sound;  Resonance;  Syren;  Vdoeity  of  Sound; 
Vibration  ( Transversal)  of  an  Elastic  Bod  ;  Vibration  of  a  Stretched  String  ;  Wave  Length,) 

SOUND  FIGURES.    See  Chladni's  Figures, 

SOURCES  OF  HEAT.    See  Beat^  Sources  of. 

SOURCES  OF  LIGHT.    See  Light,  Sources  of. 

SPARE,  ELECTRIC.  One  of  the  forms  in  which  accomulated  electricity  discharges  Itself. 
It  consists  of  the  oishing  together  of  positive  and  negative  electricity  across  a  non-conducting 
medium  with  violent  commotion  and  displacement  of  the  intervening  particles.  The  pheno- 
mena most  commonly  presented  by  the  spark  through  air,  when  no  spedal  precautions  are  taken, 
are  a  bright  light,  great  heat,  a  sharp  crack  or  report,  and,  if  many  sparks  are  passed  in  suo- 
oession,  an  odour  of  ozone.  When  proper  arrangements  are  made,  the  phenomena  accompany- 
ing the  spark  are  very  varied.  They  depend  on  the  amount  of  electricity  discharged  ;  on  the 
way  in  which  it  is  accumulated ;  on  the  surfaces  between  which  the  dischurge  takes  place,  and 
on  the  mediuj^  through  which  it  passes.  The  sparks  obtained  from  the  conductor  of  an  electric 
machine  are,  mider  certain  circumstances,  very  oeautiful.  They  are  best  observed  by  means  of 
a  Winter's  plate  machine,  to  the  conductor  of  which  is  attached  the  large  wooden  ring— the 
peculiarity  of  this  form  of  machine.  (See  Electric  Machine.)  They  should  be  caused  to  pass 
between  a  small  knob  (i  in.  in  diameter)  and  a  surface  very  mach  larger  than  this.  At  a  dis- 
tance of  an  inch  or  so,  and  with  the  machine  in  good  order,  a  torrent  of  thick  bright  sparks 
appears  to  flow  with  a  loud  crackling  noise,  and  if  they  be  received  on  the  knuckles,  a  sharp 
sting  at  the  spot,  with  contraction  of  the  muscles  of  the  wrist,  and,  in  sensitive  people,  even  of 
the  arm.  The  apparent  thickness  of  the  line  of  light  is  due  to  the  optical  phenomenon  known 
as  irradiation.  When  the  distance  between  the  surfaces  is  increased,  the  frequency  of  the 
■parks  and  their  brilliancy  is  diminished  ;  but  if  they  be  examined  in  the  dark,  they  present  a 
most  beautiful  appearance.  Springing  from  a  thick  root  at  the  surface  of  the  positive  con- 
ductor, the  spark  reaches  out  crookedly  towards  the  other  surface,  having  a  general  appearance 
of  one  crooked  stem  famished  with  off-shoots.  The  colour  of  it  is  reddish  violet  or  purple  in 
air.  With  a  good  machine,  and  the  best  possible  insulation— for  this  is  essential — ^true  sparks 
may  be  obtained  fourteen  inches  or  even  more  in  length ;  when  the  distance  is  increased  too 
much,  the  discharge  then  assumes  the  form  of  the  brush.  The  spark  obtained  from  a  Leyden 
jar  or  battery  is  never  of  any  great  length,  though  from  the  quantity  of  electricity  accumulated, 
its  effects  are  very  powerfuL  By  means  of  a  sood  battery  of  Leyden  jars,  the  power  of  the 
spark  in  passing  through  even  solid  matter,  and  in  completely  breaking  down  the  line  of  par- 
ticles in  its  way,  is  easily  shown.  If  the  discharge  be  passed  through  several  sheets  of  thick 
pkper,  the  paper  is  rent  about  the  place  where  it  has  passed,  and  presents  the  appearance  of 
being  blown  out  from  the  middle  at  both  sides  of  the  paper,  and  not  that  which  is  produced  l^ 
pusmng  a  solid  through  from  one  side  to  the  other.  The  spark  may  alao  be  made  to  penetrate 
a  thick  plate  of  glass  on  causing  it  to  pass  between  two  points,  one  of  which  is  brought  down 
upon  the  glass,  and  has  around  it  a  drop  of  olive  oil.  U  the  points  be  made  to  dip  at  no  great 
(Ustance  from  each  other  under  the  surface  of  water,  the  water  is  projected  with  great  violenoe 
in  all  directions ;  and  if  this  be  done  within  a  tightly-closed  flask,  it  will  be  broken  to  pieces  by 
the  commotion  prodaoed  in  the  water.  The  heating  effects  are  shown  by  means  of  Hlxmersley's 
thermometer,  which  consists  of  a  huge  upright  glass  tube  into  which  knobs  project  at  &e  top 
and  bottom  through  air-tight  fittings ;  from  the  bottom  of  the  tube  projects  hoiizontsJly  a 
smaller  glass  tube,  which  then  turns  up  vertically,  and  is  open  at  the  top.  The  laiger  tube  is 
partially  filled  with  water,  which,  however,  does  not  rise  to  the  level  of  the  space  where  the 
disdiarge  takes  place,  and  which  stands  at  the  same  height  in  the  smaller  tube.  When  the 
spark  is  passed,  the  heat  expands  the  air  indosed  in  the  upper  part  of  the  principal  tube, 
depresses  the  level  of  the  water  in  it,  and  drives  it  up  in  the  sinaller  tube.  The  instrument  also 
■hows  the  powerful  repulsive  force  exerted  at  the  passage  of  the  spark ;  for,  at  the  instant  of 
discharge,  the  water  is  suddenly  driven  outwards  to  a  much  greater  extent  that  that  which  is 
due  to  the  heat  generated,  and  immediately  falls  back  again  to  a  level  which  depoids  upon  the 
temperature.    The  heat  of  the  spark  is  also  shown  in  the  ignition  of  a  mixture  of  oxygen  and 
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liydrogeii.  When  the  spaik  ia  passed  thxxmgh  gunpowder,  the  passage  of  the  electricity  is  so 
very  rapid  that  the  powder  is  not  inflamed,  but  merely  scattered  about ;  but  if  the  rate  of  dis- 
chaige  is  diminished  by  introducing  into  some  part  of  the  circuit  a  wet  string  instead  of  having 
ft  complete  metallic  circuit,  the  powder  is  readily  fired.  The  chemical  effects  of  the  spark  in  the 
production  of  ozone  and  nitric  add  during  its  passage  through  air  are  described  under  EUOro- 
Chemistry,  The  electric  spark,  and  all  the  other  forms  of  diuiiptiTe  discharge,  were  carefnUy 
examined  by  Faraday.  (See  his  Experimental  Betearches,  voL  i.  ;  or  the  ^TVansoefums  ^  <A< 
Bayed  Society.     See  also  Sir  W.  Snow  Harris  on  the  same  subject,  PhU.  Trafu,,  1834.) 

SPABK,  DURATION  OF  ELECTRIC.  Wheatstone  has  shown,  by  means  of  his  dmmo- 
soope,  that,  under  certain  circumstances,  the  passage  of  the  electric  spark  occupies  »  seiMible 
time.  The  method  of  experimenting  is  described  under  Chronotcope  and  Electrieity,  Tdodty 
qf.  On  causing  the  spark  from  the  machine,  or  from  a  Leyden  jar  discharged  in  the  ordinaij 
way,  to  pass  in  front  of  the  revolving  mirror,  the  image  appeareii  a  mere  point,  ^e  saine,  in 
fact,  as  k  the  mirror  had  been  at  rest ;  but  when  the  discharge  took  place  through  ha]f*«-mile 
of  copper  wire  it  was  not  so.  The  image  was  then  lengthened  out  into  a  line  of  light*  owing 
to  the  angular  displacement  which  the  mirror  had  taken  during  the  time  of  passage,  and  the 
persistence  of  the  image  on  the  retina ;  and  by  knowing  the  velocity  of  rotation  of  the  mirrory 
and  measuring  the  apparent  length  of  the  line  of  light,  he  estimated  that,  under  these  (arcnm- 
stances,  the  spark  lasted  -rr^inrth  of  a  second.  It  will  be  seen  from  what  we  have  said  here^  and 
from  our  article  on  the  velocity  of  electricity,  that  the  duration  of  the  spark  depends  ujKin  the 
circumstances  under  which  the  discharge  takes  place. 

SPARK,  GALVANIC.  When  the  terminals  of  a  galvanic  battery  are  brought  very  near 
to  each  other,  a  spark  is  observable.  It  is  best  seen  just  before  they  touch,  when  they  are 
gradually  brought  nearer  to  each  other ;  and  when  they  are  again  separated,  a  second  spark  ia 
perceived.  The  spark,  on  separating,  is  much  stronger  than  l^t  on  putting  the  wires  in  ocm- 
tact,  owing  to  the  fact  that,  on  making  contact,  there  is  a  cuirent  induced  in  the  wire  opposite 
to  the  principal  current,  whJle,  on  breaking  contact,  an  induced  cuzrent,  oonspiiing  with  t&e  cmw 
rent  from  the  battery,  is  set  up. 

The  distance  across  which  a  spark  under  ordinary  circumstanoes  will  pass  is  ezoesaiydy 
small,  not  ^th  of  an  inch,  according  to  Sir  W.  Thomson,  for  5000  cells  of  Daniell's  battay. 
Gassiot,  with  a  water  battery  of  3500  cells,  obtained  a  passage  of  electricity  over  an  air  space  of 
^th  of  an  inch,  which  continued  uninterruptedly  for  many  weeks. 

SPATHIC  IRON  ORE.    See  Ir<m  Ortt, 

SPECIFIC  GRAVITY.  Specific  gravity  is  the  number  expressing  the  ratio  between  the 
weight  of  any  volume  of  a  substance  and  the  weight  of  an  equal  volume  of  some  standard  aab^ 
stance.  In  the  case  of  solids  and  liquids  the  standard  substance  is  water ;  in  the  case  of  gases 
and  vapours,  it  is  usually  hydrogen,  sometimes  atmospheric  air.  It  is  dear  that,  whatever 
ratio  may  eidst  between  a  given  volume  of  a  substance  and  the  same  volume  of  water,  must 
also  exist  between  any  volume  of  the  substance  and  the  same  volume  of  water.  Thus,  if  a 
cubic  inch  of  mercury  weighs  thirteen  times  as  much  as  a  cubic  inch  of  water,  a  cubic  foot  of 
mercury  weighs  thirteen  times  as  much  as  a  cubic  foot  of  water.  Accosdingly,  spedfic  gravity 
concerns  sulwtance  or  material,  while  absolute  weight  concerns  individual  masses  of  water. 
Various  methods  are  employed  for  findiog  the  spedfic  gravity  of  gases  and  vapours.  The 
specific  gravity  of  most  liquids  and  solids  is  easily  found  in  several  ways.  The  specific  gravi^ 
of  liquids  is  most  accurately  determined  as  follows : — ^A  little  fiask,  holding  about  an  ounce^  ia 
^vided  with  an  accurately  fitting  stopper,  through  the  centre  of  which  is  a  capillary  opening. 
This  flask  is  weighed  when  empty.  It  is  then  filled  with  distilled  water,  and  the  stoppei  ia  in- 
serted, so  that  the  excess  of  liquid  is  forced  through  the  capillary  opening  of  the  stopper.  The 
excess  of  water  being  removed  from  the  outside,  the  flask  full  of  water  is  weighed.  The  differ- 
ence between  the  second  weighing  and  the  first  is,  of  course,  the  weight  of  water  which  the  flask 
holds.  The  flask  is  now  thoroughly  dried  and  filled  with  the  liquid  whose  spedfic  gravity  has 
to  be  found,  in  the  same  manner  as  it  was  filled  with  water.  The  difference  between  the  third 
weighing  and  the  first  is,  of  course,  the  weight  of  the  liquid  which  the  fllask  holds.  It  is  clear 
that  the  volume  of  the  water  and  Uquid  are  exactly  the  same.  We  have  found,  therefore,  the 
weights  of  equal  volumes  of  the  liquid  and  of  water.  Divide  the  first  by  the  second,  and  the 
specific  gravity  is  obtained.  The  specific  gravities  of  very  small  quantities  of  many  liquids  may 
frequently  be  determined  with  great  precision  by  a  method  suggested  and  employed  by  the 
auuLor  of  this  artide.  For  liquids  which  are  insoluble  in  and  not  acted  on  by  water,  and  which, 
are  heavier  than  water,  a  single  drop  of  the  liquid  is  placed  in  water,  and  .a  saturated  solutioii. 
of  chloride  of  caldum  is  add«l,  until  the  drop  is  in  a  state  of  indifferent  equilibrium.  The 
spedfic  gravity  of  the  solution  of  chloride  of  calcium  is  then  ascertained  in  the  manner  above 
described,  and  is,  of  course  identical  with  that  of  the  liquid.    For  liquids  soluble  in  water,  » 
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znixture  of  ether  and  bisulphide  of  carbon  may  often  be  employed,  to  which  one  or  other  consti- 
tuent ifi  added,  until  the  liquid  is  in  equilibrium.  By  this  means  the  spedfio  gravity  of  a  quan- 
tity of  liquid  not  larger  thim  a  pea  can  be  determined  with  perfect  accuracy. 

The  specific  gravity  of  liquids  can  also  be  measured  with  great  rapidity  and  with  sufficient 
accuracy  for  many  purposes  by  making  use  of  the  principle  of  Archimedes.  (See  Displacement 
o/  Liquids.)  Thus,  if  a  cylindrical  rod  of  wood  floats  vertically  in  water  in  such  a  manner  that 
exactly  half  its  length  is  immersed,  we  know  that  the  weight  of  the  column  of  wood  is  equal  to 
the  weight  of  a  column  half  as  long  of  water.  If  the  stidc  oe  then  floated  in  oil,  it  will  be  found 
to  sink  deeper,  say  two-thirds  of  its  length.  It  follows,  the  weight  of  the  same  volume  of  wood 
as  before  is  equal  to  the  weight  of  two-thirds  of  the  volxmie  of  oiL  Accordingly,  half  a  volume 
of  water  has  the  same  weight  as  two-thirds  of  the  same  volume  of  oil,  or 

-  W=^0 

Therefore  the  volume  of  water  weighs  ^  as  much  as  the  same  Tolume  of  oil,  and,  accordingly, 
the  specific  gravity  of  the  oil  is  i  or  075. 

The  various  foxms  of  hydrometer,  areometer,  lactometer,  &c.,  depend  upon  this  principle. 
They  usually  consist  of  a  copper  or  glass  bulb  carrying  above  a  cylindrical  graduated  tube,  and 
\  loaded  below  with  shot  or  mercury,  so  that  they  float  upright.     Those  wUch,  like  the  hydro- 

meter, are  used  for  determining  the  specific  gravity  of  liquids  lighter  than  water,  such  as  spirits 
'  of  wine,  rum,  &c.,  have  the  zero  point  marked  dose  above  the  bulb  at  the  root  of  the  stem. 

'  This  is  the  point  to  which  the  instrument  sinks  when  placed  in  pure  water. 

Placed  in  pure  alcohol  the  instrument  sinks  deeper  (nearly  to  the  top  of  the  stem),  because 
'  more  of  the  latter  liquid  must  be  displaced  before  the  weight  of  the  displaced  liquid  is  equal  to 

the  weight  of  the  hydrometer.     Talung  pure  water  on  the  one  hand,  and  pure  alcohol  on  the 
other,  making  mixtures  of  99  vols,  of  alcohol  ta  i  of  water,  98  of  alcohol  to  2  of  water,  and  so 
on  ;  and,  finsJly,  2  vols,  of  alcohol  to  98  of  water,  i  vol.  of  alcohol  to  99  of  water,  and  placing 
^  the  hydrometer  in  each  of  these  in  suooession,  it  sinks  in  succession  less  and  less  deeply.    The 

'  points  to  which  it  sinks  are  marked  on  the  stem,  so  tiiat,  when  placed  in  an  alcoholic  mixture 

of  unknown  strength,  the  percentage  of  alcohol  can  be  determined  by  reading  off  the  point  on 
I  a  level  with  the  liquid  surface.    For  liquids  which  are  heavier  than  water,  such  as  sulphuiio 

add,  milk,  &c.,  the  zero  marked  at  the  top  of  the  stem,  and  the  distance  at  which  the  hydro- 
meter floats  out  of  the  water  shows  the  percentage  of  the  heavier  constituent  in  the  mixture. 

The  most  aocurate  way  of  determining  the  comparative  densities  or  spedfic  gravities  of 
liquids,  which  is  specially  applicable  for  the  measurement  of  the  diminution  of  density  which 
liquids  undergo  on  being  heated,  is  to  connect  two  vertical  tubes  by  a  capillary  tube  at  the 
bottom,  and  to  place  the  two  liquids,  whose  spedfic  gravities  are  to  be  compared,  (say  water  and 
ether)  one  in  each  tube.  Since,  when  there  is  equilibrium,  the  pressure  on  either  side  of  any 
plane  drawn  through  the  connecting  tube  must  be  the  same,  it  follows  that  a  shorter  column  oi 
the  heavier  liquid  will  keep  in  eqmlibrium  a  longer  column  of  the  lighter  one,  and  that,  con- 
sequently, the  height  at  which  the  two  liquids  stand  in  the  two  vertical  tubes,  measured  from 
the  capillary  connecting  tube,  are  inversely  as  the  relative  densities  or  specific  gravities  of  the 
liquids.  The  heights  are  measured  by  a  *'  kathetometer  '*  or  telescope,  riiding  on  a  graduated 
upright  rod.  The  spedfic  gravities  of  liquids  which  mix  can  be  compared  by  the  same  means, 
provided  that  the  two  are  separated  by  a  little  plug  of  mercury  in  the  capillary. 

Various  methods  are  used  for  measuring  the  specific  gravities  of  solid  substances,  depending 
upon  the  nature  of  the  substances — that  is,  whether  they  are  soluble  in  water,  heavier  or 
lighter  than  water,  in  the  form  of  a  powder,  ftc. : — 

I.  Let  the  body  be  a  solid  substance,  not  soluble  in  and  heavier  than  water.    A  loop  of 
human  hair  (which  has  veiy  nearly  the  same  specific  gravity  as  water)  is  hung  from  the  bottom 
'  of  one  scale  of  a  balance  and  counterpoised.    A  fragment  of  the  solid  under  examination  is 

*  himg  from  the  hsir  and  weighed.    This  gives  the  ac^al  weight.*    It  is  then  hung  in  water  so 

^  as  to  be  entirely  sulnnerged,  and  again  weighed.    Since  (see  JHtplaument)  it  is  now  pushed  up 

'  by  a  force  equal  to  the  weight  of  the  water  it  displaces,  the  loss  it  undergoes  in  weight  when  in 

'  the  water  ^mat  is,  the  first  weight  minris  the  second  is  the  weight  of  the  water  displaced — 

^  that  is,  the  weight  of  a  volume  of  water  equal  to  that  of  the  immersed  solid.     Accordingly  the 

'         wdght  of  the  body  divided  by  the  weight  it  loses  in  water  is  its  specific  gravity.    Thus  if — 

i  A  body  weighs  740  grains  in  air, 

^  and  652  grains  in  water, 

H 

fa  *  Vexy  newly,  but  not  (jnlte,  becanae  a  body  in  sir  is  pressed  up  with  a  force  equsl  to  the  weight  of  sir  It 

displaces.    To  get  the  true  weighty  we  ihoold  have  to  add  to  its  observed  weight  the  weight  of  an  equal 

'  voiome  of  sir. 

.» 
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the  weight  of  a  volume  of  water  equal  in  volume  to  the  solid  is  740  —652 — ^that  la,  88  grains. 
Therefore  its  specific  gravity  is  V^  or  8'4a 

2.  If  the  body  be  soluble  in  or  attacked  chemically  by  water,  some  liquid  is  selected  in  which 
the  solid  is  unacted  oil  Thus,  if  the  substance  be  sugar  we  may  employ  oil,  or  tuipentine,  or 
ether^  &c    Thus  let — 

A  body  weigh  163  grains  in  air, 
and  104  grains  in  oil, 

wo  deduce  that  the  weight  of  oil,  whose  volume  is  equal  to  that  of  the  substance,  is  59  grains. 
What  will  be  the  weight  of  the  same  volume  of  water  I  Suppose  the  specific  gravity  of  the  oil, 
determined  by  the  method  given  above,  be  found  to  be  '75,  this  shows  that  the  weight  of  any 
volume  of  oil  is  to  that  of  the  same  volume  of  water  as  75  is  to  i.  Accordingly  the  wei^t  of 
water,  having  a  volume  equal  to  the  volume  of  the  57  grains  of  oil,  is  |j  grains,  or  78*6  grains. 
Ffaially,  theref oi«,  the  specific  gravity  of  the  substance,  which  is  the  weight  of  a  volume  of  it 
divided  by  the  weight  of  an  equal  volume  of  water,  is  |^  or  2X>6. 

3.  If  the  substance  be  not  acted  on  by  water,  but  be  in  so  fine  a  state  of  division  as  to  pre- 
vent its  being  hung  from  the  scale  pan,  its  specific  gravity  may  be  taken  by  means  of  the 
specific  gravity  flask,  above  described,  as  follows  : — ^Weigh  the  flask  empty.  Put  some  of  the 
powder  in  and  weigh  again.  Deduct  the  first  weight  from  the  second,  and  we  get  the  weig^ 
of  powder  taken.  Fill  up  the  flask  with  water  (the  powder  remaining  in),  i^d  wdgh  again. 
Deduct  from  this  weight  the  weight  of  the  flask  and  the  powder  together,  and  we  get  the 
weight  of  the  water  required  to  fill  up  the  flask  when  the  powder  is  in  it.  Empty  out  the  pow- 
der and  water,  fill  up  with  water  and  weigh,  deduct  the  weight  of  the  flask,  and  we  get  the 
weight  of  the  water  which  fills  the  flask.  Deduct  from  this  weight  the  weight  of  the  water 
which  fills  the  flask  when  the  powder  b  present,  and  we  get  the  weight  of  the  water  displaced 
by  the  powder — that  is,  the  weight  iof  a  volume  of  water  equal  to  the  volume  of  powder. 
Divide  the  weight  of  the  powder  byl  this  weight,  and  the  spedfio  gravity  of  the  powder  is 
obtained.  \ 

4.  If  the  substance  be  a  powder  soliv>le  in  water,  methods  2  and  3  are  comlnned.  That  is,  a 
liquid  is  selected  without  action  on  the  powder  and  the  weight  of  a  volume  of  liquid  equal  in 
volume  to  the  powder  is  found  as  iu  3.  Then,  from  the  specific  gravity  of  the  liquid  the  weight 
of  an  equal  volume  of  water  is  found  as  in  2.  Whence  the  spedfic  gravity  is  immediately  de- 
duced. In  detennining  the  spedfio  gravity  of  powders  according  to  3  or  4,  care  must  be  taken 
to  free  them  perfectly  from  air.  This  is  done  by  boiling  them  in  the  liquid  with  which  they 
are  in  contact,  or  if  this  cannot  be  done,  by  placing  them  for  some  time  in  vacuo  when  under 
the  liquid. 

5.  If  the  substance  be  a  solid  lighter  than  water,  such  as  a  fat  or  wax,  the  following  method 
is  employed.  The  substance  i»  weighed  in  air,  let  it  weigh  100  grains.  A  piece  of  lead  is 
fastened  to  it  sufficiently  heavy  to  sink  it,  say  10  grains.  The  two  together  in  air  weigh,  of 
course,  1 10  grains.  Let  the  two  be  weighed  together  in  water  and  weigh  4  grains.  Then  1 10  —  4 
or  106  grains  is  the  weight  of  the  water  they  displace  together.  The  weight  of  water  which 
the  lead  displaces  is  at  once  found  &om  its  specific  gravity,  which  is  1 1  '3.  The  weight  of  water 
displaced  by  the  lead  is  |^  or  *88.  Therefore  the  weight  displaced  by  the  substance  is 
106  —  '88  or  105*22.     Consequently  the  specific  gravity  of  the  substance  is  ^^  or  0*91. 

SPECIFIC  GRAVITY  OF  SOLIDS,  LIQUIDS,  GASES,  AND  VAPOURS. 

Sfeomo  GaAVTPT  OF  Solids  at  39'2'  F.  (4*  C.)    Watbb  at  39-2"  F.  =  i-ooa 


Afi^te, 
Alabaster,  . 

Alum, 
Amber, 
Anthracite, 
Antimony,  . 
Arsenicum, 
Basalt, 
Bismuth,     • 
Brass,  • 

Bronze,  , 
Cadmium,  • 
Calamine^  • 


2*615 
2700 
2*670 
1*700 
1.080 
r8oo 
6*710 

5"9S9 
2*700 

9799 
8-300 

8800 

8*604 

3400 


Calcium,     . 

.        i 

1-578 

Celestine,    . 

•        « 

3*950 

Charcoal  from — 

Beech,  < 

0*518 

Birch,    , 

0364 

Oak,      . 

1-570 

Chromium, 

6*810 

Coal,   . 

1-330 

Cobalt, 

►        8950 

Coke, 

.        1*865 

Copper, 

'  8*950 
2*680 

Coral, 

I  diamond,    , 

•  3*500 
2*800 

Dolomite,   , 
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2700 

Opal,  ....        2.250 

Emery, 

3950 

Osmium,     .        .        . 

21-400 

Felspar, 

2-450 

Palladium, 

11*800 

Flinty 

2*600 

Pearls, 

2*750 

Fluorspar,  . 

3200 

Phosphorus, 

1-830 

Galena^       . 

7-580 

Platinum,  . 

21-530 
2*380 

Garnet, 

4*100 

Porcelain  (Chinese),    . 

Glass  (Flint),      . 

3.330 

Porphyry,  , 

2*700 

Gladnom,  . 

2*100 

Potassium, 

0865 

Gneiss, 

2-650 

Pyrites  (Iron),    . 

5000 

Gold, 

19-340 

Quartz, 

2*650 

Granite, 

2*700 

Rhodium,    . 

I2'IOO 

Graphite,    . 

2*300 

Rubidium,  . 

1-520 

Gun  Metal, 

8460 

Ruby  (Oriental), 

4280 

itfeavrSpar, 
Hornblende, 

2-330 
4-430 

Ruthenium, 
Sapphire,    . 

11*400 
3-990 

2-9JO 

3-300 

Selenium,    . 

4788 

Hyperethene, 

Serpentine, 

2*470 

Ice,     . 

0*920 

Silver, 

10*530 

Iceland  Spar, 

2*720 

Sodium, 

0*972 

Inditun, 

7-362 

Steatite,      . 

2*800 

Iodine, 

4*950 

Steel,  ^ 

7*810 

Iridium, 

21-150 

Strontium, .        .        • 

2-540 

Iron — Cast, 

7-210 

Sulphur,      . 

2*050 

Malleable 

t       • 

7*840 

Tellurium,  . 

6*650 

Ivory, 

1-920 

Thallium,    . 

11-810 

Jasper. 

2'80O 

Tin,    ...        . 

7*292 

Lead, 

11-360 

Titanium,   . 

5300 

Lime, 

3*180 

Topaz,         .        . 

3-560 

Lithium,     . 

0-593 

Tungsten,   . 

17*600 

Magnesium, 

1-743 

TJraniimi,    . 

18*400 

Malachite, 

3-500 

Wood- 

Manganese, 

8013 

Ash, 

0*845 

Marble  (Parian), 

2*840 

Beech,    . 

0-852 

Mispickel,  . 

6*120 

Elm, 

o'8oo 

Molybdenum, 

8*620 

Cork,      . 

0-240 

Nickel, 

8820 

Zinc,  .... 

7-146 

Obsidian,    . 

2-300 

Zircon, 

4-300 

SPBomo  GBi 
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ds,      .        1-049 

Add,  Acetic,    . 

•                  • 

1063 

Essential  Oil  of  Bitter  Almon 

„    Hydrochloric  (liquid), 

•                • 

1*270 

„              Cinnamon,       .                 1*030 

„             „            (Solution 

>.     • 

1*210 

„             Spircea,    . 

1173 

„    Nitric  (at  15*  C),   . 

•                • 

1:1:2 

„             Turpentine, 

0*864 

„    Sulphuric, 

•                  • 

Ether,  Acetic, 

0890 

„    Nordhausen,    . 

•                • 

r86o 

M     Hydrochloric, 

0*921 

Alcohol,  Absolute  (at  o^  C), 

•              • 

0-815 

„     Nitric,  . 

I'II2 

„        Amyl,            „ 

•                  • 

0-827 

„     OxaUc, 

1092 

„        Butyl,            „ 

•                • 

0*803 

„     Sulphuric, 

I'I20 

„        Ethyl,            „ 

•              • 

0-815 

Mercaptan  (at  0"  C), 

.          .          0835 

„        Methyl,         „ 

•              • 

0-817 

Mercnnr  (at  0*  C),  . 
Milk  (Cow),     . 

.          .        13596 

„        Propyl,          „ 

•                • 

0*817 

1030 

Aldehyde  (Acetic)  (at  o"*  C), 

•            • 

0*800 

Naphtha  (Rectified  Coal), 

•  o*86o  to  0-900 

Ammonia  (Solution), 

•                • 

0875 

OU  Almond  (at  15"  C),    , 

0*918 

(Liquid), 

•                • 

0*730 

„  Castor, 

0*969 

Jseer,        •        •        •        • 

1*023  tc 

>  1-034 

„  Cod-liver,    . 

0*928 

Benaol  (C,Hj), 
Bisulphide  of  Carbon, 

•                  • 

0*850 

„  Linseed  (at  12''  C),     . 

0939 

•                ■ 

1-272 

„  Olive, 

0*918 

Bromine  (at  o*"  C),  . 

•                • 

3-187 

Tar  (Coal), 

.  1*120  to  1*150 

Chloride  (Tri-),  of  Phosphon 

i8(ato*C.), 

I -616 

Water,  Distilled,      . 

I'OOO 

Chloride  of  Sulphur  (SsCl,), 

•              ■ 

i'68o 

„      Rain,    . 

1*001 

Creosote, 

•              • 

1057 

„      Sea^      . 

1*026 

Cyanogen  (liquid). 

• 

•             • 

0-866 

Wine,      .       .       • 

.  0*990  to  1038 
2l 

SPE 


498 


SPE 


Spxcmc  Gratttt  or  Gabk  at  39*2^  F.  (4*  C),  BABOiarBBs29^  Iiiohb8=76o  MnunorKKB. 


Alr=i'ooo.    BL=x'a 


AJrsi'ooa 


Air,         .... 

I  OCX) 

14*40 

HydroohloEio  Add, 

Anunonia^       .        .        • 

0-589 

8-50 

22'8o 

Hydrogen 

Gftrbonic  Acid,        .        • 

1529 

Nitric  OxideL  . 
Nitrous  Oxide, 

„        Oxide, 

0967 

14.00 

Carbnretted  Hydrogen — 

Nitrogen, 

Heavy, 

0-978 

14-00 

800 

Oxygen, 

Ligh^  . 

0557 

Phosgene, 

Chlorine, 

2470 

3550 

Phosphuretted  Hydrogen, 

Goal-Gaa,  about 

0*500 
1*806 

•  •  • 

Sulphuretted          „ 

Qranogen, 
Hydroluotio  Add, 

26*00 

Sulphurous  Add, 

0*689 

IOXX> 

Sfwcxwio  Gravitt  of  Yapoubb. 

•  Alr=:i'ooa 

H.=xo. 

Aloohol,  Ediyl, 

1-613 

23*00 

Ether,  Aoetio^  . 

„        Methyl,      .        . 

1*120 

16.00 

„     Oxalic,  . 

Arsenic,    .        .        .        . 

io'6oo 

iSoxx) 

Faraday's  Chloride  of  Cai- 

Benzol,     .        .        .        . 

2*770 

39*00 

Hydrocyanio  Add,    . 

Bisulphide  of  Carbon, 

2644 

38*00 

Iodine, 

Bromine,  .        .        .        . 

5540 

80*00 

Mercuiy,  . 

Camphor  (Common), 

5*314 

76*00 

Phosphoms, 

Dutch  liquid,  . 

3450 

49*50 

Steam, 

Essence  of  Cumin,     . 

5240 

74*00 

Sulphur  (aboTB  1000"  C), 

„         Turpentine, 

.     4760 

68x» 

H.Bx-a. 


1*247 

18-25 

0-069 

IX» 

1*039 

X5xx> 

1*527 

22XX> 

0*971 

14*00 

1*105 

i6xx> 

3*680 

49SO 

1*185 

17X» 

1*191 

17T» 

3-247 

32tx> 

Iraz'ooa 

B.ssx\x 

3-067 

44« 

5-087 
8157 

7TO0 
118*50 

0*947 

■3-50 

8*716 

I27TX> 

6*976 

lOOXX) 

4420 

62tX> 

0-622 

9100 

2*230 

32-00 

SPECIFIC  HEAT.  When  heat  is  oommunicated  to  »  substance  it  performs  'various  fimo- 
tions  ;  for  a  portion  of  the  absorbed  heat  is  consumed  in  expanding  the  substance  against  the 
external  resistance  of  the  atmosphere  or  other  surrounding  medium  (External  W<nh  of  a  Ifoss 
of  Matter) ;  a  second  portion  is  consumed  in  expanding  the  substance,  that  is,  increasing  the  dis- 
tance between  its  molecules,  against  the  internal  resistance  due  to  the  attraction  of  the  moleonlaa 
{Internal  Work  of  a  Man  of  Matter) ;  while  the  remaining  portion  of  the  heat  increasss  the 
temperature  of  the  substance,  or,  as  we  commonly  say,  heats  it.  Thus  some  of  the  ahsoirbed 
heat  disappears  as  heat  and  becomes  molecular  potential  energy  (which  see),  ^ile  the  rest  ro- 
mains  as  heat.  When  the  substance  which  has  been  heated  ia  allowed  to  cool  to  its  oijginal 
temperature  the  molecular  potential  energy  induced  by  the  addition  of  heat  again  beoomeB 
sensible  heat.  Now  it  is  quite  obvious  that  as  the  molecules  which  compose  (Afferent  kinds  of 
matter  vary  greatly  in  weight  and  in  the -intensity  of  their  attraction  for  each  other,  the  quantity 
of  heat  requisite  to  raise  equal  weights  of  different  substances  through  the  same  tempentar« 
will  also  vary  greatly.  To  express  this,  Irvine,  a  pupil  of  Dr.  Black  of  Edinburgh,  proposed 
the  term  capacity  for  heatt  which  was  replaced  in  1784  by  GadoHn,  by  the  term  spee\fie  ktat, 
now  in  general  use.    Calorific  capacity  is  a  term  occasionally  used  for  the  same  purpose. 

The  specific  heat  of  a  substance  may  be  defined  as  the  quantity  of  heat  necessary  to  nise  a 
certain  weight  (say  lib.)  through  l^  of  temperature  (Centigrade  or  Fahrenheit,  usually  tba 
former),  in  terms  of  the  heat  necessary  to  raise  an  equal  weight  of  icfr<x>ld  water  1°  in  tenipei»> 
ture.  Specific  heat  is  therefore  measured  in  heat  uniU^  and  under  this  head  we  have  mentioDed 
the  various  units  employed.  The  processes  which  are  used  for  determining  specific  beats  have 
been  described  under  the  heading  Valorimetry, 

It  is  evident,  from  the  above  remarks,  that  the  actual  temperature  of  a  substanoe^  as  shown 
by  a  thermometer,  does  not  truly  indicate  the  amount  of  heat  which  it  has  absorbed  in  acquiring 
that  temperature,  because  the  amount  expended  in  interior  and  exterior  work  is  unknown.  H 
we  take  a  number  of  small  metal  spheres  of  the  same  size  but  of  different  metals,  and  after 
heating  them  in  hot  oil  to  predsely  the  same  temperature  (about  190°  C.)  place  •them  simulta- 
neously on  a  cake  of  bees-wax  about  half-an-inch  thick,  we  shall  observe  that  the  effect  they 
produce  varies  greatly.  Supposing  them  to  be  respectively  iron,  tin,  and  bismuth,  we  shall  find 
that  the  iron  sphere  possesses  heat  enough  to  melt  its  way  through  the  wax,  while  the  tin 
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tanperatnre,  ixosk  absorbs  most  beat^  an  eqiial  weight  of  tin  leas  bsa1>  and  an  equal  weigbt  o 
biamnth  still  leas  beat  than  the  tin. 

The  f onowing  table  shows  some  of  the  lesolts  obtained  by  SC.  Begnanlt^  bj  means  of  the 
method  of  oooluig.    (See  OalorimOry,) 

Tabli  or  Sfboifio  Hbaib  aooobdibci  to  1£  BaaiAULT. 


Name  of  SnbstaiUML 


Ajostloscldy 

AloohoL    . 

Alamimiun, 

Animal  chanoal, 

Antimonj, 

Anetdo, 

AxsenioQS  add, 

Biamnth, 

Boron, 

Bromuiab 

Oarbon, 

Out  Iron, 

GharocaL 

Cobalt^ 

Ooke, 

Ooiipor, 

Diamond, 

Dntdhtean^ 


Onphite^ 
lodme, 

lion. 
Lead, 

Kagnesinm, 
Uiignasiay . 
Maoganeao^ 


8] 


Ipedflo 
Heat 


o'65oz 
o'94oa 
o*ai45 
0*2608 
0*0508 
o'o8x^ 
o'za78 
o"o3o8 
0*3353 

0'ZX89 

0*0567 
0*04x1 
0*1998 

0*a4iS 
o'xo62 

0*9008 
0*0951 
0*1468 
o'x993 

O'OJOA 

o*flox8 

0*0541 

0*0336 
0*1138 

0103XA 

0*9400 
0*3499 
0*8439 

o*zsx7 


NameofSttMaaee. 


MolTl 
Nick< 


iVD, 


el. 
„      oaxbozatted. 


Osminm, 
Falladlnm,  . 

Petrolenm, 
Fhoaphoniay 

„  amnphoua, 

Platlnnm, .  .  .  . 
Potatainm, 

Bhodinm,  .  .  .  , 
Beleninm,  .  .  .  , 
SlUoinm,  .  .  .  , 
Silyer,  .  .  .  , 
Sodinm,  .  .  .  , 
Steely  temperady 

inr.  naf* 


melted  naai^  a  montha, 
„ .    looeotiy  menad. 


ft 


Telhmoffl, 
ThaUlnm, . 
Tin,  .  . 
Tongaftan, . 
Tnipentlaa^ 
Uraninm»  . 
Water, 
Zino,  . 
Qroonl%    . 


8] 


tpedflc 
&«t. 


It  will  be  noticed  that  water  possesaes  a  higher  spedflo  heat  than  that  of  any  snbstanoe  fa 
the  table ;  the  important  effect  of  this  tmon  the  climate  of  Islands  is  discnssed  elsewhere. 
{Ooetm  Currents^  £>ffeeta  cf^  on  OUmaiU)^  If  we  compare  the  spedfio  heat  of  water  with  tibat  of 
some  of  the  metals  we  see  at  once  the  grsat  difference  between  them.  In  the  case  of  mercorf; 
for  instance,  the  table  gi^es  ns  0*0333  as  its  specific  heat,  while  that  of  water  is  itx>8o^  henoe 
the  spedfio  heat  of  water  is  ( i  *oo8o  -h  ox>333)  s  30*27  times  greater  than  that  of  mercury.  In 
other  words,  a  given  weight  of  water  reqtures  thirty  times  the  amonnt  of  heat  to  ruse  its 
temperatnre  tlm>i]gh  a  certain  nmnber  of  degrees,  that  an  eqnal  wdght  of  mercmy  reqnfres  to 
raise  it  through  the  same  number  of  degrees ;  and  the  roTene  of  this  of  neoesdty  tekes  plaoe^  » 
grren  weight  of  water  in  coolinff  throng,  aay  one  degree,  gives  out  thirty  times  as  mndi  heat 
as  the  same  weight  of  mercury  m  cooling  thxoogh  one  degrea  If  we  mix  a  pomid  of  mercmy 
at  100"  0.  with  a  pomid  of  water  at  o*  0. ,  the  t^peratnre  of  the  resulting  mixture  will  be  about 
3°.  The  mercuiy  has  lost  97%  while  the  water  has  gained  only  3%  hence  obviously  the  pound 
of  water  requires  more  than  30  times  as  much  heat  as  the  pound  of  mercury  to  raise  It  through 
the  same  range  of  temperattixe.  The  table  also  ahowa  veiv  clearly  why,  in  the  experiment  with 
the  cake  of  wax,  mentioned  above,  the  iron  sphere  melted  its  way  through  the  wax,  while  the 
tin  and  bismuth  did  not  fall  through. 

The  spedfio  heat  of  solids  varies  at  different  temperatures,  andit  is  greater  at  a  high  tempera- 
ture than  at  a  low  one  ;  thus  the  mean  apedfic  heat  of  iron  between  o**  and  100*  O.  ia  0*10989 
while  between  o"  and  300"  C.  it  is  o'laiS.  In  the  case  of  platinum  the  increase  is  much  smallet. 
M.  Pouillet  has  found  the  mean  specific  heat  of  platinum  between  o"  and  100*  C.  to  be  0*0335 ; 
between  o**  and  ^oo""  O.,  it  is  0*03518,  and  between  o**  and  looo**  C.  it  is  ox>3728. 

The  d^irity  of  substances  has  oondderable  influence  on  their  specific  heat ;  as  a  general  rule 
the  spedfio  heat  diminishes  as  the  dendty  increases,  and  Woa  xena;  by  ralerenoe  to  the  above 
table  it  will  be  aeen  that  in  the  caso  of  the  three  conditions  of  oarbon,  the  least  dense 
(diwooal)  has  a  specific  heat  of  0*2415 ;  the  spedfio  heat  of  the  more  dense  (graphite)  ia 
0*2018 ;  while  that  of  the  most  dense  (diamond)  ia  0*1468.  Now,  inasmuch  as  the  spedfio 
heat  of  a  substance  inoreaaea  as  its  density  ia  diminished ;  and  as  an  increaae  of  tempera- 
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ture  produces  a  diminution  of  density  by  expansion  (because  as  the  molecules  are  moved 
farther  apart  by  the  motion  of  heat,  the  same  number  of  molecules  occupy  a  greater  spmoe), 
it  is  probable  that  the  increase  of  specific  heat  due  to  rise  of  temperature  is  to  be  traced  to  tlie 
diminution  of  density  consequent  upon  ezpannon.  The  specific  heat  of  a  liquid  is  generally 
greater  than  that  of  the  same  substance  in  the  solid  form.  M.  Person  has  made  nmneKoafl 
experiments  on  this  subject  {Annalet  de  Chimie  et  de  Phytique,  tome  xxi,  xxiy.,  zzriL),  and  the 
following  table  embodies  some  of  his  results : — 


Fniisf  point 

SpedfloHeat 

Name  cf  Substaace. 

In  the  liquid 
oondition. 

In  the  loUd 
condition. 

Water, 

Chloride  of  caloli 
Phofphoroi, 
Sulphur,     . 
Tin,     . 
BlBmuth,     . 
Nitrate  of  soda, 
Cadmium,  . 
Lead,  .       . 
Nitrate  cf  Potad 

ink,  , 

J 

o*o«  C. 
98*5 

44a 
xx5*o 

3io*S 
320*7 
336*3 

3390 

x'oooo 

©■5550 
0*3045 
0*3340 
0*0637 
0*0303 
0-4130 
0*0643 
0*0402 
0*3319 

0*5040 

0-1768 
0*2026 
0*0563 
0*0308 
0*2783 
0*0567 
00314 
0*2388 

The  specific  heat  of  liqxuds  increases  with  the  temperature  of  the  liquid,  and  at  a  greater  rate 
than  in  the  case  of  solids  ;  thus  the  mean  specific  heat  of  water  between  o**  and  40  ^'O.  is  i  xx>i3  ; 
between  0°  and  120"*  C.  1*0067 ;  between  o"*  and  200"*  C.  1*0160^  according  to  the  determinations 
of  M.  Begnault. 

We  come  now  to  the  specific  heat  of  gases,  and  it  is  at  once  obvious  that  the  conditions  are 
dumged.  For,  while  the  heat  added  to  solids  and  liquids  expands  them  of  necessity  under  a 
constant  pressure,  (since  by  no  available  means  can  the  expansion  of  solids  and  Uquids  be 
restrained),  in  the  cases  of  gases  it  is  possible  to  confine  them  within  a  given  volume  during 
heating.  They  may  thus  l^  heated  under  a  constant  pressure,  and  permitted  to  expand  like 
solids  and  liquids  when  similarly  heated  ;  or  they  may  be  confined  within  a  certain  volume^ 
and  thus  heated  under  a  constant  volume,  in  which  case  the  pressure  upon  the  sides  of  the 
containing  vessel  will  increase  as  the  heat  increasesw  When  a  gas  expands  under  a  constant 
pressure,  it  will  obviously  perform  a  large  amount  of  exterior  work,  and  by  reference  to  the 
article  on  the  Mechanical  Equivalent  of  Heat,  it  will  be  seen  that  Mayer's  determination  of  this 
equivalent  is  based  on  the  relationship  between  the  amount  of  heat  necessary  to  raise  the 
temperature  of  a  gas  under  a  constant  pressure,  to  that  required  to  raise  the  gas  throu^^ 
the  some  number  of  degrees  under  a  constant  volume,  the  excess  of  heat  in  the  one  case  being 
consumed  in  the  performance  of  mechanical  work.  The  specific  heat  of  gases  and  vapours  is 
consequently  greater  under  a  constant  pressure  ;  that  is,  when  they  are  permitted  to  expand, 
and  thus  to  perform  exterior  work,  than  imder  a  constant  volume.  The  following  table  shows 
the  ratio  of  the  specific  heat  of  various  gases  under  a  constant  pressure  to  their  specific  heat 
imder  a  constant  volume,  according  to  the  determinations  of  Dulong  : — 


Name  of  Gai. 

Under  a  constant 
volume. 

Under  a  constant 
pressure. 

Atmospheric  air,  . 
OzTKen, 
H7<3&ogen, 
Carbonic  add. 
Carbonic  oxide,    . 
Nitrous  oxide, 
Oleflant  gas. 

X*42X 

x*4is 
1*407 

I  "339 
x'4«8 

»"343 

X*340 

x'oo 

I'OO 

x*oo 
XX7 
x*oo 
X16 

1-53 

Kegnault  has  found  that  the  specific  heat  of  a  given  weight  of  a  nerfect  gas  (that  is,  a  gas 
which  is  far  from  its  point  of  liquefaction),  does  not  vaiy  with  the  density  or  pressure  of  the 
gas,  and  it  hence  results  that  the  specific  heat  of  a  given  volume  varies  as  its  density.  Equal 
volumes  of  perfect  gases,  and  of  some  compound  gases,  formed  without  condensation,  possess 
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equal  specific  heats ;  bat  in  all  cases  relating  to  the  specific  heat  of  gases,  those  which  are 
oondensihle  do  not  follow  the  laws  which  apply  to  perfect  or  practically  perfect  gases.  The 
following  are  some  of  the  results  obtained  by  Regnault : — 

[Spboifio  Hsatb  or  Gases  akd  Yapoitbs  under  a  CoTstFiAJsr  Fsessubb. 


Kame  of  Qas  or  Vapour. 

Spedflo  Heats. 

Equal  TolumeB. 

Equal  weights. 

Air, 

0*2375 

0*2375 

grygon,        .... 

o'a405 

0*2x75 

Kitrogen,      .... 

0*2368 

0-2438 

Hydrogen,     .... 

0-2359 

3*4090 

Chlorine,       .... 

0*2964 

0'Z2X0 

Bromine,  Yaponr  of,    . 
Carbonic  oxide,     . 

0*3040 
0*2370 

0*0555 
0*2450 

Ammonia, 

0*2996 

0*5084 

0*3277 

0-5929 

Solphnrout  add,  . 

0*3414 

0*1554 

Water,  Yaponr  of. 

02989 

0-4805 

Ether,  Vapour  of, . 

1*2266 

0*4797 

Chloroform,  Yaponr  of. 

0*6461 

o*x567 

Acetone,  Yaponr  of,     . 

0-8264 

0*4x25 

Benzole,  Yaponr  of, 

z'oxx4 

0*3754 

Turpentine,  vapour  of. 

2-3776 

0*5061 

The  common  volume  in  the  first  oolnmn  may  be  taken  as  that  occnpied  by  a  poond  weight 
of  air,  the  common  weight  as  one  pound,  and  the  unit  as  the  specific  heat  of  one  ponnd  of 
water ;  now  it  is  obvious  from  the  table  that  one  pound  of  air  existing  under  a  constant  pressure 
will  require  an  amount  of  heat  to  raise  it  one  degree  in  temperaturo  equal  to  0*2375  of  that 
which  the  pound  of  water  will  require ;  or,  in  other  words,  the  quantity  of  heat  necessary  to 
raise  one  pound  of  water  one  degree  in  temperature  woidd  raise  about  4*2  lbs.  of  air  one  degree. 
If  we  take  into  account  the  relative  densities  of  water  and  air,  we  find  that  a  given  volume  of 
water  requires  the  same  amount  of  heat  to  raise  it  through  a  given  temperature,  as  3234  times 
its  volume  of  air  would  require  to  raise  it  through  the  same  temperature  under  a  constant 
pressure. 

We  have  mentioned  above  that  a  substance  generally  possesses  a  higher  specific  heat  in  the 
liquid  than  in  the  solid  form  ;  now  in  the  gaseous  condition  the  specific  heat  is  agun  lowered, 
and  is  less  than  it  was  in  the  liquid  condition.  Thus  the  specific  heat  of  water  is  double  that 
of  ice,  and  rather  more  than  double  that  of  steam  ;  the  specific  heat  of  bromine  is  0*0833  ^  ^ 
solid  ;  0*1060  as  a  liquid  ;  and  0*0555  as  a  gas  ;  again,  the  specific  heat  of  ether  is  0*5290^  and 
of  ether  vapour  0*4797.     (S^®  "^  Atomic  Heat;  Calorimetry,) 

SPECIFIC  INDUCTIVE  CAPACITY.  See  Capacity,  Specific  InducHve;  and  Indue- 
tunif  Blectro-Static,  

SPECIFIC  REFRACTIVE  ENERGY.    See  lUfracHve  Energy,  Specific, 

SPECIFIC  ROTATORY  POWER.  A  term  used  in  connection  with  the  circular  pdUmtO' 
Hon  of  bodies.  It  expresses  the  angle  of  rotation  which  a  column  of  a  substance  of  standard 
length  and  density  imparts  to  a  particular  ray  of  polarised  light. 

SPECIFIC  THERMAL  RESISTANCE.    See  Conduction  offfeat. 

SPECTACLES.  {Spectaculuniy  from  tpeao,  to  look  at.)  Lenses  to  fix  in'front  of  the  eyes  for 
the  purpose  of  rendering  vision  more  distinct.  Long-«ighted  eyes  require  convex  lenses,  whilst 
short-sighted  eyes  require  concave  lenses.  These  are  usually  of  equal  curvatures  on  each  side. 
{QeeEye;  Long-dghtedneu  and  Short-aigkUdneu ;  Lentes.) 

SPECTRA,  BUNSEN'S  METHOD  OF  MAPPING.  See  Mapping  Spectra,  Bwuen*9 
Method  of.  

SPECTRA,  DIFFRACTION.    See  Diffraction  Spectra, 

SPECTRA,  METALLIC.    See  Coloured  Plamea. 

SPECTRA  OF  COMETS.    See  Cometary  Spectra, 

SPECTRA  OF  METEORS.    See  MeUoric  Spectra. 

SPECTRA  OF  NEBUL.E.     See  Nebular  Spectra, 

SPECTRA  OF  THE  FIRST  ORDER.  This  term  is  employed  by  Pltlcker  to  distinguish 
the  spectra  of  gasee  at  a  comparatively  low  temperature  from  those  given  at  higher  tempera* 
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tnres.    (See  NUrogtn,  i^peetrum  of,)    Mr.  Htiggins  lued  this  tenn  to  express  a  ocotiniioaa 
■pectnun. 

SPECTRA  OF  THE  SECOND  ORDER.  Plttcker  dedgnatee  by  this  a  form  of  gaaeoiu 
■pectnun  which  is  apparent  when  a  high  temperature  is  employed.  (See  NUrogcn^  Spectrum  oj.) 
Mr.  HngginB  luee  this  term  for  the  spectrum  of  bright  lines  given  by  an  incandescsent  gaa. 

SPECTRA  OF  THE  THIRD  ORDER.  A  term  employed  by  Mr.  Huggins  to  distingmah 
a  spectrum  in  which  dark  Ztnet  are  visible. 

SPECTROSCOPE.    (Spectrum,  VKovfta,  to  view.)    An  instrument  for  forming'  and  examin- 
ing the  spectrum.    It  consists  of  two  telescopes,  ordinarily  of  from  ten  to  twenty  inches  focoa, 
arranged  on  a  stand  with  the  two  object  glasses  facing  each  other.    The  eye-pieoe   of  one  is 
removed,  and  in  its  place  is  a  narrow  slit  formed  of  two  straight  edges  of  metal,  ad j  ustable  with 
screws  so  as  to  allow  a  line  of  light  of  any  desired  width  to  enter  the  instrument.      Xf  the  two 
telescopes  are  now  placed  in  a  line,  the  slit  being  illnminated,  an  observer  at  the  eye-piece  of  the 
other  telescope  will  see  a  magnified  image  of  this  slit  in  the  form  of  a  brilliant  line  of  light 
Now,  let  a  glass  prism  be  placed  in  the  instrument  between  the  two  telescopes,  and  let  the 
observing  telescope  be  turned  round  so  as  to  bring  it  into  the  path  of  the  ray  of  light  -which  has 
been  deflected  by  the  prism,  and  suppose  the  slit  is  illuminated  with  homogeneous  Hg^ht — that 
from  a  soda  flame,  for  instance — ^the  observer  will  still  see  in  the  telescope  an  image  of  the  slit 
as  sharply  defined  as  before,  since  the  prism  has  only  deflected  the  ray  from  its  course,  bat  can 
exert  no  dispersive  action  on  it  because  the  light  is  homogeneous.    Now,  while  eTerythiz^ 
remains  as  before,  let  a  flame  coloured  with  thallium,  as  well  as  sodium,  be  placed  in  front  of 
the  slit ;  in  this  case  we  have  two  rays  of  light  passing  through  the  prism,  one  homogeneom 
yellow,  as  before,  forming  a  yellow  image  of  the  slit,  and  another  homogeneous  gieen,  from  the 
thallium,  forming  a  green  image.     But  these  two  colours  have  different  refrangibUitieB  ;  two 
images  of  the  slit  will  therefore  be  seen  side  by  side,  one  bright  yellow  and  the  other  bright 
green,  the  latter  being  more  refracted  from  the  original  direction  of  the  light  than  the  yellow  image. 
Let  us  now  introduce  a  third  substance  into  the  flame,  viz.,  lithium.    This  will  emit  homogeneous 
red  light,  and  consequently  in  the  observing  telescope  a  red  image  of  the  slit  will  be  seen  by  the 
side  of  the  other  two,  and  not  so  much  refracted  as  either  of  them.    If,  therefore,  the  observer 
places  at  one  end  of  the  instrument  a  spirit  lamp,  in  the  flame  of  which  are  compounds  of  the 
the  three  metals,  lithium,  sodium,  and  thallium,  and  looks  through  the  eye-piece  at  the  other 
end,  he  will  see  three  coloured  images  of  the  slit,  or,  in  other  words,  three  coloured  lines — ^red, 
yellow,  green — separated  by  a  definite  interval    This  appearance  is  called  the  spectrum  of  the 
light,  and  the  instrument  is  called  a  spectroscope.    In  this  description  the  principle  rather  than 
the  details  of  oonstruction  have  been  given ;  these  vary  with  almost  every  maker.    The  prisms 
are  increased  in  number  from  two  or  three  up  to  fifteen  or  twenty ;  they  are  either  of  the 
ordinary  triangular  shape,  or  are  so  constructed  as  to  give  dispersion  without  refraction.    (See 
Prirni,  Direct  Fmon.)    The  slit  is  furnished  with  delicate  screw  adjustments,  and  frequently 
also  with  a  reflecting  prism,  so  as  to  get  two  spectra  in  the  field  of  view  at  the  same  time, 
whilst  the  observing  tdescope  is  caused  to  move  along  the  graduated  arc  of  a  circle  fumiahed 
with  Temiers,  and  a  micrometer  is  frequently  attached  to  tibe  eye-pieoe.    The  whole  \b  endosed 
so  as  to  prevent  extraneous  light  from  interfering  with  the  delicacy  of  the  observations.    The 
object  glass  of  the  telescope  to  which  the  s&t  is  attached  is  called  the  colUmating  lens. 
At  the  Liverpool  meeting  of  the  British  Association,  held  in  September  1870,  Mr.  J.  Browning 
brought  forward  an  improved  instrument  which  he  calls  an  Automatic  Spectroscope.    It  is  pro- 
vided with  a  battery  01  six  equilateral  prisms,  their  bases  being  linked  together  by  their  comers, 
and  the  whole  chain  being  then  bent  round  so  as  to  form  a  circle  with  the  apices  outwards. 
To  the  centre  of  each  base  ib  a  projecting  radial  rod  having  a  slot  in  it  which  passes  over  a  fixed 
centre  pin  common  to  aXL    The  first  prism  of  the  train  is  a  fixture,  and  the  other  prtsma  are 
all  enabled  to  move  in  proportion  to  their  distance  from  the  first.    Thus,  if  the  second  prism 
moves  through  an  arc  of  1%  the  third  will  move  2%  the  fourth  3**,  the  fifth  4**,  whilst  the  sixth 
will  move  through  an  arc  of  5^    All  these  movements  take  place  simultaneously  upon  moving 
the  observing  telescope,  and  the  amount  of  motion  of  each  piism  and  of  the  telescope  is  so 
arranged  that  the  prisms  are  automatically  adjusted  to  the  minimum  angle  of  deviation  for  the 
ray  under  examination.    On  removing  the  eye-piece  from  the  observing  telescope  and  looking  in 
at  the  object  glass,  the  whole  field  is  fotmd  to  be  filled  with  the  light  of  the  colour  of  that 
portion  of  the  spectrum  which  the  observer  wishes  to  examine ;  whilst  in  a  spectroscope  of  the 
usual  construction,  at  the  extreme  ends  of  the  spectrum  just  where  the  light  is  most  required, 
only  a  lens-shaped  line  of  light  would  be  found  in  the  field  of  view.     Owing  to  this,  more  of  the 
red  and  violet  ends  of  the  spectrum  can  be  seen  than  in  an  ordinary  specbosoope,  and  the  H 
lines,  whibh  are  generally  so  difficult  to  see,  come  out  in  a  very  distinct  manner.    (See 
Spectrum,) 
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~  SPECTROSCOPE,  STELLAR    See  Stdlar  Speetrotcope. 

SPECTRUM.  {Spectrum,  animage. )  When  a  ray  of  white  light  falls  upon  a  prism  it  is  refracted, 
,  and  at  the  same  time  dispersed,  its  component  colours  being  spread  out,  forming  the  spectrum 

of  the  light.  By  passing  the  light,  in  the  first  place,  through  a  very  narrow  slit  (from  the 
▼^th  to  the  xArr'^i^  of  an  inch  wide),  and  then  letting  it  pass  through  several  prisms  and  lenses 
(see  Spectroscope),  the  spectrum  may  be  obtained  of  a  high  degree  of  purity — that  is,  the  dif- 
ferent coloured  images  of  the  slit  are  arranged  side  by  side  in  tiie  order  of  their  ref  rangibility 
without  overlapping  each  other,  even  in  some  cases  showing  blank  spaces  between  them.  Sir 
Isaac  Newton,  who  first  observed  the  prismatic  decomposition  of  light,  considered  the  spectrum 
^[  to  be  divided  into  seven  colours — ^red,  orange,'  yellow,  green,  blue,  indigo,  and  violet,  but  no 

''  •  sharp  line  of  distinction  can  be  observed  between  any  of  these  colours,  as  they  shade  into  one 
"  another  through  infinite  gradations.    When  great  accuracy  is  required  in  speaking  of  any  par- 

'  ticular  part  of  the  spectrum,  it  should  be  referred  to  one  of  the  well-defined  lines  in  the  solar 

>'  spectrum,  to  one  of  the  bright  lines  or  absorption  bands  of  artificial  spectra,  to  the  number  on 

'*  KirchhofTs  scale  (see  Boscoe's  Spectrum  Analyns,  page  i8o,  &c. ),  or  to  some  numerical  standard, 

'  taking  the  distance  between  two  well-defined  lines  as  lOO ;  or  the  actual  wave-length  of  the  light 

^  may  be  given.    {Bee  Abtorption  Lines  of  Spectrum;  Abtorpiion,  Spectra  ;  Atmotpheric  Lines  qf  the 

^  Spectrum;  Aurora  Borealis,  Spectrum  of;  Bessemer  Flame,  Spectrum  of;  Blood  Absorption,  Lines 

*  in;  Brewster's  Theory  of  the  Spectrum;  Ccesium,  Spectrum  of;  Ca/rhim,  Spectrum  of;  Chlorine, 
^  Spectrum  of ;  Coloured  Flames;  Corona,  Spectrum  of  the;  Electric  Brush  and  Glow,  Spectrum 
^  </;   Electric  Light  and  Sparky  Spectrum  of;  Elements,  Spectra  of  the;  Fraunhofer's  Lines; 

*  Oeisder's  Tubes;  KirchhofTs  Theory  of  the  Lines  in  the  Sclar  Spectrum ;  Lithium,  Spectrum  of ; 
"  Lightning*,  Spectrum  of;  Mapping  Spectra;  Nitrogen,  Spectrum  of ;  Normal  Solar  Spectrum ; 
''  Oxygen,  Spectrum  of;  Phosphorus,  Spectrum  of;  Spectrum  Analysis;  Spectrum,  lUuminaUng 
'           Power  of  the  ;  Spe<^rum  Microscope  ;  Spectroscope  ;  Stars,  Spectra  of. ) 

^  SPECTBUM  ANALYSIS.    A  term  appUed  to  a  method  of  qualitative  analysis  which  has 

*  been  recently  introduced,  and  by  means  of  which  important  discoveries,  bearing  on  th«  distri- 
'  bution  of  the  chemical  elements  not  only  in  new  terrestrial  localities,  but  also  in  the  sun,  fixed 
^  stars,  comets,  and  nebuUe,  have  been  obtained.  By  its  means  four  new  elements  have  been 
'  discovered,  viz.,  caesium,  rubidium,  thallium,  and  indium.  We  have  explained  elsewhere  (see 
^  Fraunhofer's  Lines  ;  Spectrum)  that  when  a  very  pure  solar  spectrum  is  obtained  it  is  traversed 
'  by  an  immense  number  of  sharp  black  lines.    To  simplify  the  explanation,  we  will  take  one  as 

an  illustration.     The  double  line  known  as  Fraunhofer's  D  in  the  yellow,  one  of  the  most  con- 
spicuous has  long  been  known  to  occupy  exactly  the  same  place  as  a  luminous  double  line  produced 
by  sodium  compounds  when  introduced  into  the  flame  of  a  spirit  lamp  ;  in  fact^  by  placing  such  a 
spirit  flame  before  the  slit  of  a  spectroscope  the  luminous  lines  could  be  made  to  fill  up  and 
absolutely  obliterate  the  black  D  lines.    The  relationship  which  was  suspected  to  exist  between 
the  luminous  and  the  black  lines  was  first  clearly  proved  by  Kirchhoff  in  the  autumn  of  1859, 
who,  as  the  result  of  his  experiments,  was  led  to  the  discovery  that  the  incandescent  vapour  of 
sodium,  which  has  a  very  high  power  of  emitting  the  yellow  light  D,  possessed  in  an  equal 
degree  the  power  of  absorbing  that  same  light.     In  general  terms,  the  law  may  be  considered 
an  extension  of  Dr.  Balfour  Stewart's  law  of  exchanges,  and  may  be  expressed  as  follows  : — 
Every  substance  which,  at  a  given  temperature,  emits  light  of  a  certain  refrangibility  possesses, 
at  the  same  temperature,  the  power  of  absorbing  light  of  that  refrangibility.     What  was  proved 
to  be  true  in  the  case  of  sodium  has  since  been  shown  to  hold  goA  with  eveiy  other  element ; 
and  the  black  lines  in  the  solar  spectrum  are  now  considered  to  be  due  to  the  reversal  of  the 
luminoos  lines  due  to  the  incandescent  vapours  with  which  the  sun  is  surrounded.  The  system  of 
luminous  lines  yielded  by  many  elements,  especially  the  metals  of  the  alkalies  and  alkaline  earths, 
are  very  marked  in  tiietr  character ;  thus  a  sodium  compound  volatilised  in  a  spirit  flmne  and 
examined  in  the  spectroscope  shows  a  brilliant  yellow  double  line ;  a  lithium  compound  an  in- 
tense crimson  line ;  a  thallium  compound  a  bright  green ;  whilst  other  elements  give  spectra 
almost  as  characteristic,  although  less  simple,     ^e  presence  of  one  element  does  not  interfere 
with  the  spectrum  given  by  another,  so  that,  by  igniting  a  mixture  of  salts  in  a  spirit  flame,  the 
several  metallic  elements  which  it  contains  can  be  reoo^sed  at  once  in  the  spectroscope.    The 
delicacy  of  these  spectrum  reactions  is  very  great ;  of  sodium  the  iSo-miUionth  part  of  a  grain 
can  easily  be  detected,  of  lithium  the  6-miUionth  part  of  a  grain,  and  proportionally  minute 
traces  of  other  bodies.     This  method  of  n)ectrum  analysis  is  now  constantly  used  in  ch^nical 
laboratories.    As  it  has  been  proved  that  the  black  lines  of  the  spectrum  are  simply  due  to  the 
reversal  of  luminous  lines,  it  is  evident  that  the  presence  of  an  element  can  be  just  as  conclu- 
sively proved  by  recognising  its  system  of  black  lines  as  of  its  bright  lines  ;  therefore,  by  care- 
fully preparing  maps  of  the  lines  given  by  the  teirestrial  and  comparing  them  with  the  lines  of 
sular,  st«llar,  and  other  speotra^  the  terrestrial  elements  (iron,  copper,  sino^  nickd,  sodium. 
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ice.)  are  ehown  to  be  present  in  the  celestUl  bodies.  For  farther  infonnation  on  this  point  see 
Bosooe  on  Spectrum  Anaiyna,  Macmillan,  1S69 ;  and  also  articles  Specbrwrn;  Frinnhiafo't 
Jamm  :  Spectra  of  the  Elementi  ;  MetaUic  Spectra  ;  Spectroscope, 

SPECTRUM,  CHEMICAL  ACTION  OF,    See  Actimam. 

SPECTRUM,  DARK  LINES  OF  THE.    See  Praunkofer*9  lAnei. 

SPECTRUM,  ILLUMINATING  POWER  OF.  The  lUuminating  power  of  the  sdbr 
■pectnim  attains  its  maTimnin  in  the  yellow,  and  diminishes  on  each  side  accoiding  to  a  tvpStj 
descending  carve.     (See  Spectrum,) 

SPECTRUM  MICROSCOPE.  Compoond  microscopes  frcNinentlj  have  a  spectrosoope 
attached  to  them,  so  as  to  enable  the  spectram  of  the  light  passing  throngh  any  object  in  the 
field  of  view  to  be  examined.  There  are  two  principal  forms  of  spectrum  apparatus,  in  both  of 
which  direct  vUion  pritme  are  employed.  The  simplest  form  consists  in  fitting  a  small  sHt  at 
one  end  of  a  tube  about  three  inches  long,  and  a  convex  lens  at  the  other  end,  adjusted  to  dii* 
tinct  vision  of  the  slit ;  between  the  two  a  compound  prism  is  placed,  and  the  whole  tlun 
be(»mes  a  small  direct  vision  epectnucope,  showing  the  principal  Fraunhofer  lines  when  held  ip 
to  the  sky.  This  instrument  is  arranged^to  slide  over  the  eye-piece  of  the  microscope,  and  it 
then  gives  a  spectrum  of  the  light  transmitted  by  any  object  which  is  in  the  field  of  view.  A 
reflecting  prism  is  sometimes  fixed  beneath  one  half  of  the  dit,  so  as  to  obtain  a  standard  specCnm 
in  the  field  together  with  the  one  under  examination.  One  great  objection  to  this  form  is,  that  tlis 
dispersion  is  so  slight,  and,  moreover,  the  eye  has  to  be  removed  from  the  instroment  when  the 
spectrum  apparatus  has  to  be  removed.  Mr.  Crookes  has  devised  a  form  of  spectmm  mioo- 
scope  in  which  these  difficulties  are  overcome.  Beneath  the  principal  stage  of  the  qpczoscope 
is  a  sub-stage  canying  a  half -inch  object  glass,  which  throws  an  image  of  a  slit  into  the  fidd  of 
view ;  the  slit  is  carried  on  a  brass  slide,  by  pushing  which  it  can  be  replaced  by  a  drcolar 
aperturo  admitting  a  wide  beam  of  light,  or  a  square  aperturo  to  be  used  when  searching  for 
diehroism.  Immediately  above  the  object  glass  is  a  slider  canying  the  direct  vision  primi 
which,  by  a  movement  of  the  finger,  can  be  ti^wn  in  or  out  of  the  field.  All  these  parts  msy 
be  permanently  attached  to  the  microscope,  as  they  do  not  interf  ero  with  its  ordinaiy  wnk. 
When,  however,  it  is  desired  to  examine  the  spectrum  of  any  object  which  is  in  the  field,  the  imi^ 
of  the  slit  is  brought  in  with  one  touch  of  the  finger  and  the  prisms  are  pushed  in  with  another, 
when  the  spectrum  appears,  and  may  be  brought  to  accurate  focus  by  the  ordinary  rackwoik 
adjustment.  When  ordinary  daylight  is  used,  Fraunhofer's  lines  aro  clearly  visible,  and  ^tb 
sunlight  the  line  D  can  be  doubled.  By  using  a  spirit  flame  containing  an  alkaline  or  alkalina 
earthy  compound,  the  bright  lines  are  seen  as  in  an  ordinaiy  spectroscope.  In  fact^  this  iostn- 
ment  may  replace  a  spectrosoope  for  most  purposes. 

SPECTRUM  OF  HYDROGEN.  See  Hydrogen,  Spectrum  of;  Hydrogen  Line$,  Bnair 
ening  of. 

SPECTRUM,  PHOTOGRAPHS  OF  THE.    See  Aditnum.  ' 

SPECTRUM,  PROJECTION  OF,  ON  SCREEN.  This  is  now  almost  invariably  eflfectol 
by  means  of  the  electric  light ;  the  optical  arrangements  attached  to  the  lantern  are  a  msgic 
lantern  condenser  near  the  carbon  poles,  adjusted  so  as  to  illuminate  the  slit  as  much  as  pooUe. 
Outside  the  lantern  an  achromatic  convex  lens,  either  single  or  compound,  receives  the  light 
from  the  slit  and  brings  it  to  a  focus  on  the  screen,  where  it  forms  an  intensely  bright  and  thiip 
line  of  light,  whose  apparent  width  may  be  adjusted  by  the  screw  attachments  to  the  slit  A 
prism  or  prisms  now  being  interposed,  the  light  is  refracted  and  dispersed  into  a  briUisnt 
coloured  spectruuL  If  the  lower  carbon  pole  is  hollowed  into  the  form  of  a  small  craciUe, 
metals  such  as  thallium,  silver,  &c.,  or  alkaline  and  earthy  compounds,  such  as  chloiide  of 
lithium,  or  strontium,  &c.,  can  be  inserted ;  and  being  volatilised  by  the  intense  heat,  produce 
an  incandescent  aro,  which  will  project  on  to  the  screen  the  spectrom  characteristic  of  the  lob- 
stance  present.    (See  Spectrum;  Elements,  Spectra  qf  the ;  Metallic  Spectra,) 

SPECULAR  IRON.    See  Iron,  Cast, 

SPEISS.  A  name  applied  to  a  mixed  sulphide  and  arsenide  of  nickel,  obtained  in  the  mano- 
facture  of  smalt.    Nickel  is  usually  procured  from  it. 

SPELTER.     A  name  sometimes  applied  to  crude  metallic  zinc. 

SPERMACETI.  A  white  crystalline  fatty  substance  occurring  with  sperm  oil  in  the  bead 
of  the  sperm  whale.  It  is  veiy  soft  and  brittle,  of  specific  gravity  0*943.  ^^  melts  at  sboofc 
40'C.  (I04''F.) 

SPECULUM.  {Speculum^  a  mirror.)  A  highly  polished  reflecting  surface.  This  term  is  uBOsDy 
confined  to  the  concave  reflectors  of  astronomical  telescopes,  which  are  made  of  specohoQ 
metal  or  silvered  glass.  In  the  former  case,  the  alloy  is  simply  ground  and  polished  to  a  psi*^ 
bolic  surface.  (See  Parabolic  Mirror.)  In  the  latter  case,  a  glMS  surface  is  polished  to  a  p>n^ 
bolic  curve,  and  metallic  silver  is  then  precipitated  upon  the  surface  by  chemical  means,  wbifil^ 


SPE  505  SPB 

is  afterwards  polislied.  For  a  discussion  of  the  relatiye  merits  of  glass  and  metallic  speculs, 
see  Mr.  Grubb's  paper  Phil,  Frant,,  1869,  p.  127. 

SPECULUM  METAL.  An  alloy  of  which  the  parabolic  reflectors  of  astronomical  tele- 
scopes are  made.  Lord  Bosse's  alloy  consists  of  four  equivalents  of  copper  to  one  of  tin.  This 
is  probably  the  best,  and  is  the  one  used  in  the  great  Melbourne  telescope.  The  Bev.  W.  T. 
Kmgsley  adds  to  this  compound  one-fourth  of  an  equivalent  of  zinc. 

SPHERE,  FOCUS  OF.  The  distance  of  the  principal  focus  of  a  sphere  from  the  circum- 
ference varies  according  to  the  index  of  refraction  of  the  substance  of  which  the  sphere  oon> 
sists.  Thus,  supposing  the  sphere  to  be  one  inch  diameter,  the  focus  would  be  four  feet  for 
tabasheer,  whose  index  of  refraction  is  1*11145  >  i  ^^^^  ^^^  water ;  (  an  inch  for  glass,  and  no- 
thing for  zircon, — that  is  to  say,  in  a  zircon  sphere  the  focus  would  coincide  with  the  circum- 
ference. The  rule  is,  divide  the  index  of  refraction  by  twice  its  excess  above  tmity,  and  the 
quotient  is  the  distance  from  the  centre  of  the  sphere  to  the  focus,  in  radii  of  the  sphere. 

SPHERICAL  LENS.  A  sphere  of  glass,  or  other  transparent  medium,  is  sometimes  called 
a  spherical  lens. 

SPHEROIDAL  CONDITION  OF  LIQUIDS.    See  Lddenfrosei  ExperimeiU. 

SPICA  seu  SPICA  AZIMECH.    (Arabic.)    The  star  a  of  the  constellation  Yiigo. 

SPIRAL  NEBULA.    Bee  NdndcB. 

SPIEGELEISEN.     See  Iron,  CaO, 

SPOTS  ON  THE  SUN.    See  Sun, 

SPRENGEL'S  PUMP.  An  ingenious  and  excellent  invention  of  Mr.  H.  Sprengel  for 
obtaining  a  perfect  or  almost  perfect  vacuum.  Suppose  it  were  required  to  exhaust  a  veuel  of 
air,  and  that  we  could  put  it  in  communication  with  the  vacuous  space  left  at  the  top  of  a  tube 
of  mercuiy  more  than  30  inches,  or  of  water,  more  than  32  feet  high  (see  Torricellian  Vcumum), 
a  certain  amount  of  the  air  wotdd  be  drawn  out  of  it  into  the  vacuous  space,  and  the  lev^ 
mercury  or  water  in  the  tube  would  falL  If,  then,  the  connection  with  the  air  vessel  were 
cut  off,  and  if  the  mercury  or  water  tube  were  again  filled  up,  and  a  perfect  Torricellian  vacuum 
obtained,  on  once  more  connecting  the  air  vessel  to  the  vacuum  tube,  a  second  portion  of  the  air 
would  be  removed,  and  by  degrees  the  whole  of  it  might  in  this  way  be  got  rid  of.  This  is 
precisely  what  Sprengel*s  pump  does  in  a  continuous  way.  In  its  simplest  form  it  consists  of  a 
straight  tube,  which,  if  mercury  be  used,  may  conveniently  be  5  feet  long ;  and  if  water  be 
employed,  ought  to  be  about  40.  The  lower  extremity  mps  under  the  surface  of  mercuiy  or 
water  in  a  receiving  vessel,  and  to  the  upper  is  attached  a  funnel  which  is  kept  full  of  the 
liquid.  A  stop-cock  is  inserted  between  the  funnel  and  the  tube ;  and  when  the  stop-cock  is 
open,  the  liquid  flows  from  the  funnel  to  the  receiving  vessel  below.  At  a  point  in  the  tube 
more  than  30  inches,  if  mercuiy  be  used,  (or  32  feet  2  water  be  employed),  from  the  Eurfaoe  of 
the  liquid  in  the  receiving  vessel,  there  is  a  lateral  opening,  from  which  a  small  short  tube  pro- 
ceeds, and  to  this  is  attached  by  an  india-rubber  connecting  tube,  or  by  corks,  or  in  any  ether  con- 
venient way,  the  vessel  which  is  to  be  exhausted.  The  stopKX>ck  is  then  opened,  and  the  liquid 
permitted  to  flow  down  from  the  funnel.  As  the  liquid  descends  bubbles  of  air  are  seen  to 
rush  from  the  vessel  to  be  exhausted,  through  the  lat^al  tube,  into  the  principal  tube,  and  they 
are  carried  forward  with  the  falliag  column  down  to  the  receiving  vessel  beneath,  where,  if 
necessary,  they  may  be  collected  if  the  extremity  of  the  principal  tube  is  bent  upward  into  a 
form  convenient  for  delivering  gases.  When  the  bubbles  of  air  no  longer  flow  into  the  mercury 
tube,  the  vessel  is  completely  exhausted,  and  the  vacuum  obtained  in  this  way  is  almost  as  per- 
fect as  the  Torricellian  vacuum. 

It  will  be  seen  from  what  we  have  said  that  the  quantity  of  air  removed  in  each  bubble  can- 
not be  veiy  great.  It  is,  therefore,  found  convenient,  when  the  vessel  to  be  exhausted  is  very 
large,  to  connect  it,  in  the  first  instance,  with  a  common  air-pump,  and  by  means  of  it  to  remove 
the  greater  portion  of  the  air ;  then  to  attach  it  to  Sprengel  s  pump  and  complete  tiie  exhaua- 
tion.  Hie  description  of  the  pump  by  Mr.  Sprengel  will  be  found  in  the  Journal  of  the 
Chemical  Society t  1865. 

SPRING.    See  Seasons. 

SPRING-BALANCE.  An  instrument  by  which  the  intensity  of  forces  is  measured  by  the 
compression  they  produce  upon  springs.  Tms  principle  is  applied  in  many  ways.  In  one  of 
these  the  instrument  consists  of  an  elastic  bent  bar  of  steel,  to  the  ends  of  which  metallic  gra- 
duated arcs  are  attached.  The  outer  arc,  fixed  to  the  lower  portion  of  the  bar,  passes  through 
an  aperture  in  the  upper  portion,  and  teiminates  in  a  ring,  by  which  the  instrument  is  sup- 
ported. The  inner  are  is  attached  to  the  upper  arm,  passes  through  the  lower  arm,  and  has  a 
hook  at  its  extremity  to  which  a  weight  can  be  fastened.  The  instrument  is  graduated  by 
means  of  standard  weights,  which,  when  suspended  from  the  hook,  cause  the  two  portions  of  the 
steel  band  to  approach  each  other  till  the  elastic  force  of  the  steel  counterbalances  the  weight. 
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The  extent  to  which  the  oater  arc  is  caused  to  project  beroiid  the  upper  part  of  the  bar  by  dif- 
ferent weights,  determines  the  points  of  graduation  for  the  cozresponding^  intensities  of  loroe, 
and  thns  forces  of  many  kinds  can  be  expressed  in  terms  of  the  unit  of  weight.  Whenerer  s 
spring-bahuice  is  appli^  to  compare  different  kinds  of  forces,  it  forms  a  dynameter.  (See  Dpia- 
meter. )  Spring-balances  capable  of  measuring  very  large  forces  can  be  constructed,  and  ap^ied 
to  such  purposes  as  that  of  measuring  the  force  with  which  a  horse  draws  a  carriage  abng  a 
road.  Another  form  of  spring-balance  has  the  weight  attached  to  the  exterior  of  a  hoQov 
metal  cylinder  in  which  a  spring  is  coiled.  The  spring  is  compressed  by  the  rod  of  suspeosioB, 
which  Ib  connected  with  the  lowest  part  of  the  spring.  The  rod  is  graduated  according  to  tbe 
extent  of  its  rise  out  of  the  cylinder. 

STABLE  EQUILIBRIUM.     e>e»  EqutWynum, 

STABILITY.  (StabiJi^  able  to  stand,  from  store,  to  stand.)  See  EqmUbrium^  and  Graxi^ 
Centre  of. ) 

STANDARD  (ABSOLUTE)  OF  LENGTH,  TIME,  AND  MASS.  Professor  J.  Ckik 
Maxwell,  F.R.S.,  in  his  address  to  the  mathematical  and  physical  section  of  the  British  Assods- 
tion  (Liverpool  meeting),  held  in  September  1870.  tiirew  out  the  suggestion  that,  if  we  wish  to 
find  an  absolutely  unchangeable  standard  of  length,  time,  and  mass,  we  have  it  in  a  molecule  of 
hydrogen ;  for  when  agitated  by  heat  or  by  the  passage  of  the  electric  spark,  these  molecolcs 
vibrate  precisely  in  the  same  periodic  time.  Not  only  has  every  molecule  of  terrestrial  hydro- 
gen the  same  system  of  periods  ot  tree  vibration,  but  the  spectroscopic  examination  of  the  liglit 
of  the  sun  and  stars  shows  that  in  regions,  the  distance  of  which  we  can  only  feebly  ^"**e*"*i 
there  are  molecules  vibrating  in  as  exact  unison  with  the  molecules  of  terrestrial  hydrogen  as 
two  tuning-forks  tuned  to  correct  pitch.  If,  then,  we  wish  to  obtain  standards  of  length,  time^ 
and  mass,  which  shall  be  absolutely  permanent,  we  must  seek  them,  not  in  the  dimensions  or 
the  motion  or  the  mass  of  our  planet,  but  in  the  wave-length,  the  period  of  vibration,  and  the 
absolute  mass  of  these  imperishable  and  unalterable,  and  perfectly  similar  molecules. 

STANNATES.  Combinations  of  biuoxide  of  tin  or  stannic  acid  (see  Tin)  with  bases 
are  called  stannates.  The  following  are  the  most  important :  —  StaimaU  of  potassium 
(Kfi.Sii0^.2)S^0)  separates  from  its  solutions  in  hard  transparent  crystals,  of  specific  gravity 
3*2,  readily  soluble  in  water,  but  insoluble  in  alcohoL  Stannate  of  sodium  (Sa^O.SnO^^Sfi) 
crystsJlises  in  large  hexagonal  plates,  which  are  verv  soluble  in  cold  water,  but  much  less  so  in 
hot.    Both  the  s^um  and  potassium  salts  are  mucn  used  in  calico  printing  and  dyeing. 

STANNIC  ACID.    See  Tin;  Binooade. 

STAR.  {i.<n"fip^  i^arpw.)  All  the  discrete  luminous  bodies  which  lie  beyond  the  outermost 
bounds  of  the  solar  system  are  called  in  aM3X)nomy  ston.  The  nearest  of  these  bodies  is  yet 
removed  to  a  distance  so  enormous  that  the  earth's  orbital  motion  around  the  sun  produces  do 
obvious  change  in  the  star's  position.  Nor  are  any  of  these  external  orbs  subject  to  motioDB 
great  enough  to  cause  them  to  shift  their  places  in  an  obvious  manner.  Hence  these  orbs  are 
called  the  fixed  stars,  to  distinguish  them  from  the  planets  whose  positions  on  the  sky  vary  ob- 
viously, both  on  accoimt  of  the  earth's  and  their  own  motions. 

Nomenclature  of  the  Stars.  One  of  the  earliest  works  undertaken  by  the  astronomer  most 
have  been  the  formation  of  a  system  by  which  the  fixed  stars  could  be  distinguished  one  tottn 
the  other.  To  this  end  groups  of  stars  were  compared  to  various  animals  and  other  objects  (see 
ConsteUations),  and  the  separate  stars  were  referred  to  according  to  their  positions  in  thaw 
figures,  while  the  more  conspicuous  orbs  received  special  names.  But  this  method  was  cum- 
brous and  inconvenient ;  and  as  the  number  of  observed  stars  increased,  it  became  absolutely 
necessary  to  invent  a  more  effective  system  of  nomenclature.  The  plan  in  use  at  the  present 
time  is  the  one  which  in  effect  replaced  the  inconvenient  nomenclature  of  the  ancients  ;  and  it 
affords  striking  evidence  of  the  difficulty  of  effecting  improvements  in  this  particular  bnnch  of 
astronomy,  that  the  modem  system  should  have  come  so  late  into  use,  as  well  as  that  it  should 
be  retained,  now  that  astronomy  has  made  such  important  advances  in  other  respects.  Accord- 
ing to  this  plan,  the  stars  belonging  to  each  constellation  wero  distinguished  by  the  letters  of 
the  Greek  alphabet,  the  brightest  by  the  letter  a,  the  next  by  the  letter  /3,  and  so  on  in  order. 
When  the  Greek  letters  were  exhausted,  the  Roman  letters  followed  in  order,  and  then  the 
Italian.  It  would  not  seem  that  Bayer  was  very  careful  as  regards  the  sequence  of  the  stars 
in  order  of  brightness ;  but  there  can  be  no  doubt  that,  in  many  instances,  the  apparent  want 
of  oorrospondence  between  the  order  of  brightness  and  the  order  of  Bayer's  lettering  is  due  to 
a  real  change  in  the  brightness  of  many  stars  since  Ids  day.  The  next  mode  of  incucatinff  the 
stars  which  has  to  be  noticed  is  that  employed  by  Flamsteed.  This  astronomer  numbered  the 
stars  UL  each  couKteUation  in  the  order  of  their  right  ascension,  including  in  the  list  all  the  stars 
whose  places  he  had  observed  and  recorded.  Thus  many  stars  invisible  to  the  naked  eye  ap- 
pear in  Flamsteed's  list    His  numbers  are  given  to  stain  whidh  Bayer  had  already  lettered,  as 
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well  as  to  others  left  uiinamed  by  Bayer.  Thus  many  stan  have  two  distinct  appellations,  a 
Bonrce  of  obvious  confusion.  In  some  instances  it  has  even  happened  that  the  two  names  of  a 
star  actually  refer  it  to  different  constellations.  Thus,  the  star  which  Bayer  cadled  {  Scorpii  is 
called  by  Flamsteed  51  Libne.  The  eminent  observer  Piam  ananged  the  stars  he  observed  in 
horns  of  right  ascension,  numbering  them  in  order  of  R.A.  throughout  each  hour.  Thus  the 
8rt»r  230  XV.  is  the  230th  in  order  of  R.A.  within  the  15th  hour  of  right  asoeusion.  This  ar- 
rangement, like  all  depending  on  the  position  of  a  star  in  right  ascension  and  declination,  has 
the  disadvantage  of  being  rendered  practically  unintelligible  through  the  changes  produced  by 
the  precession  of  the  equinoxes.  The  use  of  Boman  and  Italic  letters  has  been  adopted  on 
a  somewhat  anomalous  plan.  In  the  coustellation  Aigo,  Boman  capitals  and  Italic  'common 
letters  are  employed  to  indicate  stars  belonging  to  the  subdivisions  Vela,  MalvM,  Carina,  and 
Puppis.  Elsewhere  small  Italic  letters  are  occasionally  employed,  as  well  as  Boman  capitals 
belonging  to  the  first  part  of  the  alphabet.  But  everywhere,  except  in  Argo,  Boman  capitals 
belonging  to  the  latter  part  of  the  alphabet  (beginning  with  B),  are  employed  to  indicate  the 
Tariable  stars  of  a  constellation  in  the  order  of  their  discovery. 

Undoubtedly  it  would  be  most  advantageous  if  a  system  of  nomenclature  could  be  devised  by 
which  all  the  anomalies  of  the  present  arrangement  could  be  removed.  The  irregular  and  con- 
tinually varying  figures  of  the  constellations  suggest  that,  as  regards  the  division  of  the  heavens 
into  small  parts,  a  wholly  new  plan  should  be  Miopted.  Again,  the  changes  resulting  from  pre- 
cession, render  a  reference  either  to  right  ascension  and  declination,  or  to  longitude  and  Liti- 
tude,  inconvenient.  What  is  obviously  wanted  is  the  division  of  the  heavens  according  to  a 
imiform  plan,  depending  on  the  features  actually  presented  by  the  sidereal  system.  The  gal- 
actic zone  affords  a  natural  circle  of  reference ;  and  a  system  of  division  and  nomenclature  re- 
ferred to  that  circle  would  have  the  important  advantage  of  being  liable  to  no  changes,  save 
those  resulting  from  the  proper  motions  of  the  stars,  which  would  not  (for  this  purpose)  appre- 
dabiy  affect  the  heavens  for  thousands  of  years  to  come.  Even  when  changes  were  thus  ren- 
dered necessary,  they  would  be  unimportant  (if  the  original  plan  of  division  had  been  weU 
devised)  and  easily  defected. 

Distribution  of  the  Stars,  There  are  few  subjects  which  are  better  worthy  of  study  than  the 
laws  regulating  the  distribution  of  the  stars  (i)  over  the  celestial  sphere,  and  (ii.)  tiiroughout 
space.  On  the  second  point  we  must  be  guided  for  the  present  rather  by  inferences  derived 
from  appearances,  than  from  any  exact  information  we  possess,  or  can  hope  to  possess.  It  is 
from  the  study  of  the  distribution  of  the  stars  over  the  heavens  that  we  must  proceed  to  the 
deduction  of  such  inferences.  Turning  to  the  heavens,  then,  we  recognise  at  a  first  view  a  won- 
derful irregularity  of  stellar  distribution.  Alonff  a  zone  of  the  heavens  we  see  a  region  of  dif- 
fused light  which  has  been  found  to  consist  wholly  of  stars.  Elsewhere  this  diffused  light  is 
for  the  most  part  wanting,  but  it  is  seen  again  in  the  two  Magellanic  Clouds,  while,  in  certain 
parts  of  the  heavens,  clustering  aggregations  of  greater  or  lew  extent  attest  the  existence  of 
laws  of  association,  which  may  be  supposed  somewhat  to  resemble  those  to  which  the  Milky 
"Way  owes  its  origin.  Towards  the  neighbourhood  of  the  Milky  Way  we  find  the  visible  stars 
more  richly  aggregated,  while,  in  certain  of  the  richer  parts  of  the  galaxy,  they  are  gathered 
into  groups  and  clustering  aggregations,  whose  richness  is  significant  of  a  real  association  be- 
tween the  Milky  Way  and  the  lucid  stars  seen  within  its  limits.  It  may  be  remarked  in  pass- 
ing, that,  in  treatises  on  popular  astronomy,  a  statement  made  by  Sir  John  Hersche  is  quoted 
very  frequently,  without  its  real  purport  being  adequately  recognised.  He  remarks  that,  ^  if 
we  confine  ourselves  to  the  three  or  four  brightest  classes,  we  shall  find  them  distributed  with 
a  considerable  approach  to  impartiality  over  the  sphere ;  a  marked  preference  b^g  observable, 
however,  espedally  in  the  southern  hemisphere,  for  a  zone  or  belt  following  the  direction  of  a 
great  ditde  passing  through  e  Orionis  and  a  Gmds.  But  if  we  take  the  whole  amount  visible 
to  the  naked  eye,  we  shall  perceive  a  great  increase  of  number  as  we  approach  the  borders  of 
the  Milky  Wav ;  and,  when  we  oome  to  telescopic  magnitades,  we  find  uiem  crowded  beyond 
imagination,  along  the  extent  of  that  circle,  and  of  the  branches  which  it  sends  off  from  it." 
It  is  a  matter  of  so  much  importance  as  regards  the  views  we  are  to  form  respecting  the  real 
nature  of  tibe  stellar  syBtem,  that  we  should  quite  dearly  ascertain  whether  the  visible  stars  do 
indeed  show  any  sign  of  affecting  the  neighbourhood  of  the  MUky  Way,  that  it  is  necessary  to 
quote  another  passage  from  Sir  John  Herschel's  writings,  pointinff  to  a  result  directly  opposed 
to  that  stated  above.  In  his  ''Observations  made  at  the  South  Cape,"  he  remarks,  as  the 
direct  result  of  a  careful  statistical  inquiry  into  the  laws  of  distribution  observable  among  the 
fixed  stars,  that  "the  tendency  to  greater  frequency,  or  the  increase  of  density  in  respect  of 
stiAistical  distribution  in  approaching  the  Milky  Way,  is  quite  imperceptible  among  stars  of  a 
Ugher  ma^iitude  than  the  eighth,  and  except,  on  the  very  verge  of  the  Milky  Way  itself,  stam 
of  the  8th  magnitude  can  hvdly  be  said  to  participate  in  the  geoenl  law  of  increase.    For 
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the  9th  and  loth,  the  increase,  though  nneqnivocallj  indicated  oyer  a  zone  eztendiiigitleit 
30^  on  either  side  of  the  Milky  Way,  is  by  no  means  striking.  It  is  with  the  iitii  istfi- 
tude  that  it  first  becomes  conspicuous,  though  still  of  small  amount  'vrhen  compazed  vitk^ 
which  prevails  among  the  mass  of  stars  of  magnitudes  inferior  to  the  i  ith,  which  eaoitital| 
I6-I7th8  of  the  totality  of  stars  within  30"  on  either  side  of  the  galactic  circle.'*  llttia 
explanation  of  the  seemingly  contradictory  results  here  indicated,  lies  in  this^  that,  tiUiglbi 
Mill^  Way  in  detail,  the  lucid  stars  exhibit  a  real  association  with  its  confignratioo,  a  ni 
tend^cy  to  aggregate  over  its  extent^  and  near  its  borders ;  but  takbg  **  zones  of  gabdicpok 
distance,"  as  Sir  John  Herschei  has  done  in  the  inquiry  on  which  the  second  of  the  alim 
results  is  founded,  this  tendency  is  lost  sight  of.  It  is  by  studying  details,  not  by  itiidjfaf 
averages,  that  the  true  relation  is  made  to  appear.  Of  the  necessity  of  carefully  attendlBf  k 
this  distinction,  the  following  quotation  h^n  evidence.  Immediately  after  exhibiting  d» 
results  above  cited.  Sir  John  Herschei  adds,  ''Two  conclusions  seem  to  follow  inevitaUf  &■ 
this,  viz. : — ist,  That  the  larger  stars  are  really  nearer  to  us  (taken  en  ntasse,  and  vite 
denying  individual  exceptions)  than  the  smaller  ones.  Were  this  not  the  c»se,  were  te 
really,  among  the  infinite  multitude  of  stars  constituting  the  remoter  portions  of  the  gidsn; 
numerous  individuals  of  extravagant  size  and  brightness,  as  compared  with  the  genenhtji 
those  about  them,  so  as  to  overcome  the  effect  of  distance,  and  appear  as  large  stan,  ths  pn- 
bability  of  their  occurrence  in  any  given  region  would  increase  with  the  total  apparent  dai% 
of  stars  in  that  region,  and  would  result  in  a  preponderance  of  oonsiderable  stars  in  the  30^ 
Way,  bevond  what  the  heavens  really  present  over  its  whole  circumference.  Secondly,  TW 
the  depth  at  which  our  system  is  plunged  in  the  sidereal  stratum  oonstituting  the  giit^ 
reckoning  from  the  southorn  surface  or  limit  of  that  stratum,  is  about  equal  to  that  dntn*  I 
which,  on  a  general  average,  corresponds  to  the  light  of  a  star  of  the  9th  or  loth  magBOlbA,  I 
and  certainly  does  not  exceed  that  corresponding  to  the  i  ith.*'  Both  these  important  OO' 
elusions  must  inevitably  be  dismissed,  and  the  converse  of  the  first  must  inevitably  be  aceeptd,  1 
if  it  appears  that  the  ludd  stars  exhibit  a  real  increase  of  richness  in  the  neighbourfaood  of  tbi 
galaxy,  and  over  its  branches  and  convolutions.  As  very  little  doubt  can  exist  on  thi§  poni 
when  we  study  the  aspect  of  the  heavens,  to  the  naked  eye,  or  the  relations  presented  in  wS- 
constructed  star  maps,  and  as,  in  fact,  Sir  John  Herschei  himself  recognises  the  existence  d 
such  a  law  of  stellar  aggregation,  we  are  led  to  the  conclusion  that  the  bright  stars  seen  in  the 
galaxy  are  really  involved  amid  richly  aggregated  groups  of  relatively  minute  stars. 

There  are  other  laws  of  stellar  distribution  which  require  to  be  oonsideredy  in  endeavocsiBg 
to  form  a  just  opinion  of  the  real  distribution  of  stars  throughout  space.     It  has  been  ^ 
covered  by  the  present  writer  that,  in  the  northern  heavens,  there  is  a  marked  tendency  Minatig 
the  lucid  stars  to  aggregate  within  a  nearly  circular  region,  covering  the  constellations  Cjgnn>» 
Cepheus,  Cassiopeia,  Laoerta^  Ursa  Minor,  and  part  of  Draco.  Within  this  region,  which  ooren 
about  one-fourteenth  part  of  the  heavens,  about  an  eighth  part  of  the  stan  visible  to  the  nxloBi 
eye  are  collected.    In  the  southern  hemisphere  a  larger  region  of  similar  shape  exists.    It  ^ 
the  greater  Magellanic  Cloud  nearly  in  its  centre,  and  extends  about  45  degrees  in  tntj 
direction  from  that  centre.     It  covers  about  a  sixth  part  of  the  heavens,  and  contains  nesi^' 
third  part  of  all  the  stars  visible  to  the  naked  eye. 

Smaller  regions  rich  in  stars  exist,  and  there  is  a  sort  of  orderly  sequence  from  regions  iv^ 
in  stars  to  closely  crowded  groups,  clusters  of  gradually  increasing  density,  &o.,  down  to  i^ 
irresolvable  nebuhe.    (See  Clusten,  Nd}uia^  ftc. ) 

Number  of  Stan,  According  to  Argelander  the  total  number  of  observed  stars  visible  to  tbe 
naked  eye  in  the  northern  hemisphere  is  2342.  The  southern  hemisphere  is  richer  by  upwsHi 
of  1000  stars.  Perhaps  the  most  complete  list  of  visible  stars  is  that  included  in  the 
British  Association  Catalogue.  There  are  in  this  catalogue  5932  stan  of  magnitadfls  i-^ 
inclusive ;  and  of  these  about  2400  fall  within  the  northern  hemisphere. 

When  we  pass  beyond  the  limits  of  visibility,  and  consider  the  numben  of  the  tebsoofie 
stan,  we  find  ourselves  perplexed  hythe  contradictory  accounts  given  by  different  astranomaii 
Struve,  from  a  careful  study  of  Sir  William  Herschel's  star-gauges,  estimates  the  total  nnmltf 
of  stars  within  the  range  of  Herschers  twenty-feet  reflector  at  upwards  of  20  millions.   Bot    1 
Chacomac  estiipates  the  stan  of  the  first  13  magnitudes  at  77,000,000.    Of  stan  not  exceed:    1 
ing  the  9th  magnitude,  upwards  of  300,000  have  already  been  catalogued.  / 

Dittanca  of  Vu  Stars.     Our  information  respecting  the  absolute  distances  of  the  fixed  st»* 
is  very  meagre.    We  know  the  distance  of  one  star  pretty  certainly,  and  we  have  formed 
tolerably  clear  conceptions  of  the  distances  of  some  four  or  five  othen  (though  in  sll  tbee^ 
instances  the  relative  limits  of  error  are  very  great) ;  but,  further  than  this,  we  have  no  tntft'  ' 
worthy  information.    The  following  list  includes  all  the  instances  in  which  stan  have  been  jj 
found  to  exhibit  an  annual  displacement  due  to  the  earth's  annual  revolution  in  her  orbiti  tf  1 
also  the  amount  of  such  displaoement,  and  the  names  of  l^e  investigftton  : — 
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0-976" 

6i  Cygni,      .        .        .        . 
L^Oaiide,  2125S,     . 

0-348 
0*260 

Oeltzen,  17415--6, 

0247 

a  Lyrs&y         •        •        •        . 

o-iss 

SirinSy    .        .        •        .        . 

0*150 

70  Ophinchi,  .        •        .        . 

o'i6o 

T  TJnsB  MajoiriB,    . 

.       0133 

ArcturnSi       •        •        .        , 

0-127 

Polaris, 

0-067 

CapellB^ 

0-046 

(Hendezson,  ooireoted  by  Madear.) 

(BefiseL) 

(Kptiger.) 

(Krtiger.) 

(W.  Strave^  ooixected  by  O.  Strave.) 

(HendenoDa  oonected  by  Peters.) 

(KrUger.) 

(Peters.) 

(Peters.) 

(Peters.) 

(Peters.) 

"With  the  exception  ot  the  first  in  the  list,  all  these  detezminatioDi  remain  open  to  grave  qnea* 
tion ;  and  the  last  four  or  fiye  most  be  regarded  as  altogether  imreUable. 

Now,  in  considering  the  real  meaning  <S  these  resolt^  it  is  to  be  remembered  that  a  p^T^lU^ 
of  one  second  implies  a  distance  exceeSng  the  radios  of  the  earth's  orbit  no  less  than  206265 
times,  or  regarding  the  actual  distance  of  the  earth  from  the  son  as  in  aJl  probability 
about  91,500,000^  we  obtain  as  corresponding  to  a  parallax  of  i",  a  distance  of  no  less  than 
18,873,247,500,000  of  mOes.  All  the  stars  of  the  above  list,  therefore,  lie  at  distances  exceeding 
this  enormous  range.  We  may  take  the  distance  of  a  Centauri  as  about  20  billions  of  miles^  the 
distance  of  the  other  stars  greater  in  proportion  as  their  parallaxes  are  less.  **  In  such  num- 
ben,"  as  Sir  John  Herschel  justly  remarks,  **  the  imagination  is  lost.  The  only  mode  we  have 
of  conceiving  such  intervals  at  all,  is  by  the  time  it  would  require  for  light  to  traverse  Uiem." 
It  is  readily  calculable  that  light  would  occupy  about  3^  years  in  travelBng  to  us  from  a  Cen- 
tauri, and  about  94  in  reaching  us  from  61  Gygni,  supposing  the  distance  of  that  star  to  be 
accurately  represented  by  the  estimate  which  Bc^sel  has  formed. 

With  respect  to  the  distances  at  which  other  stars  lie  from  us,  the  present  writer  finds  him- 
self unable  to  accept  the  general  conduaions  which  have  hitherto  been  adopted  by  astronomers. 
The  smallness  and  dose  crowding  of  stars  within  the  Milky  Way  does  not  appear  to  bin  to 
afford  satisfactory  evidence  of  the  relative  vastness  of  their  distance.  On  the  other  hand,  he 
reoogmses  the  probability,  nay,  the  absolute  certainty,  that  among  the  countless  millions  of 
staxs  revealed  by  the  telescope,  a  considerable  proportion  must  be  as  large  as  Sirius,  Canopus, 
or  Arcturus,  wmle  some  may  even  be  far  larger.  Hence  the  diBt>anowi  of  many  stars  must 
be  as  vast  as  those  accorded  by  the  accepted  theories  to  the  faintest  galactic  stars,  if  not 
in  several  instances  far  vaster.  Thero  would  seem,  too,  to  be  no  limits  to  the  range  of  dis- 
tance within  whidi  our  telescopes,  let  their  powers  be  increased  as  greatly  as  they  may,  will 
reveal  stars  to  us. 

Magnitude  of  the  Stan.  Owing  to  the  circumstance  that  the  most  powerful  telescope  does 
not  exhibit  the  real  disc  of  a  star,  it  ii  impossible  to  form  any  estimate  from  actual  measure- 
ment of  the  dimensions  of  even  the  largest  star.  All,  therof ore,  that  can  be  done  towards  the 
determination  of  this  element  is  to  compare  the  amount  of  light  received  from  a  star  whose 
distance  is  known,  with  that  given  by  the  sun,  and  then,  on  the  assumption  that  the  intrinsio 
brilliancy  of  the  star  is  not  very  different  from  that  of  the  sun,  we  can  tell  what  the  sun's  light 
would  be  if  he  were  removed  to  the  star's  distance,  and  so  the  proportion  in  which  the 
dimensions  of  the  star  exceed  or  fall  short  of  those  of  the  sun.  To  apply  this  method,  for 
instance,  to  the  case  of  Alpha  Centauri,  the  star  whose  distance  has  been  most  satisfaotorily 
determined,  we  proceed  as  follows.  The  distance  of  Alpha  Centauri  exceeds  about  230,000 
times  the  distance  of  the  sun.  So  that  if  the  sun  wero  removed  to  the  star's  distance  he  would 
shine  with  only  one  52,900^ooo,oooth  part  of  his  actual  lustre.  Now,  by  consideEing  Sir  John 
Herschel's  comparison  between  the  Ught  of  Alpha  Centauri  and  that  of  the  full  moon,  and 
ZOUner's  comparison  between  the  light  of  the  fuU  moon  and  that  of  the  sun,  it  can  readilv  be 
shown  that  the  light  we  receive  from  the  star  is  about  one  i6,95o,ooo^oooth  part  of  that  which 
we  receive  from  uie  sun.  Thus  the  star  emits  about  throe  times  as  much  light  as  the  sun,  Mid 
the  disc  of  the  star  bdng,  therefore,  assumed  to  be  about  three  times  as  oreat  as  that  of  the  sun 
would  be  if  removed  to  the  same  distance,  it  follows  that  the  diameter  of  the  star  exceeds  that 
of  the  sun  in  the  proportion  of  about  ^  3  to  i,  or  as  17  to  la  If  we  could  as  confidently  nty 
on  the  estimates  of  the  distance  which  separates  us  from  Sirius  it  would  i^ypear  that  the  amount 
of  light  emitted  by  this  star  exceeds  uiat  emitted  by  the  sun  about  192  times.  Thus  the 
<iiameter  of  Sirius  would  appear  to  exceed  that  of  the  sun  in  the  proportion  of  about  14  to  I, 
and  the  volume  of  Sirius  would  appear  to  exceed  that  of  the  sun  no  less  than  2688  times  1 
Proper  Moiiont  of  the  Sian,  See  Proper  MoUom, 
For  accounts  of  double  0tai%  variable  ftwi^  Ac.,  see  under  these  respective  heads. 
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STARCH.  A  inbitaiioe  of  oooftMit  occurrenoe  in  the  vegetable  kingdom.  It  is  dtemal^ 
one  of  the  carbo-hydrates,  or  bodies  oontaining  carbon,  and  oxygen  and  hydrogen  in  the  pnp» 
tion  to  form  vater.  Composition  C«HioOg.  It  is  a  white  glistening  powder,  wiai^  vte 
pressed  in  the  hand  has  a  peculiar  grating  f  eeL  Under  the  microscope  it  is  seen  to  poaoi 
oTffsnisation,  consisting  of  a  nucleus  suzronnded  by  concentric  envelopes.  "R^mwiimmI  with 
polsrised  light  it  shows  a  blade  cross.  It  is  insoluble  in  cold  water,  but  in  hoi  miter  it 
disintegrates  and  forms  a  jelly.  Starch  is  coloured  blue  by  iodine ;  under  the  »«fl~^*>  U  bat 
or  dilute  adds  it  is  converted  into  dextrin  and  sugar. 

STAR^AUGINa.  A  plan  by  which  Sir  William  Herschel  hoped  to  be  able  to  fan  ■ 
estimate  of  the  figure  of  the  sidereal  system.  It  conristed  in  counting  the  number  of  rtn 
seen  in  the  field  of  view  of  one  of  ms  20f eet  reflectors,  and  foundii^  on  that  number  m 
estimate  of  the  extension  of  the  system  in  the  direction  towaids  which  the  telescope  was  taaei 
It  is  founded  on  three  assumptions.  First,  that  light  suffers  no  appreciable  extinction  ca  ib 
course  through  space  :  secondly,  that  the  telescope  employed  oould  render  visible  staa  st  Ai 
outermost  limits  of  the  gslaxy ;  and,  thirdly,  that  the  stars  are  not  so  greati  j  dispropurtit—i 
In  magnitude  that  any  considerable  proportion  of  them  ^within  the  limits  of  tiie  aidernl  syilB 
would  be  invisible  in  the  20^eet  reflector  through  relative  minnteness.  AQ  three  aaBUU|iissi 
nwr  veiy  fairlv  be  questioned.    (See  Chlaxy.) 

STABS,  COLOURED.    Among  the  stars  visible  to  the  naked  eye  tfaoe  are  many  visek 
exhibit  well-marked  dgns  of  colour,  especially  of  colour  bdonging  to  the  red  end  d  tb 
speotrum.    For  instance,  Antares^  Aldebaran,  and  Betelgeuz,  are  mddy ;  Arctoros^  "PnejoL, 
sad  Pollux,  yellow ;  while  Capdla  and  Sinus  are  brilliantly  white ;  and  Veg»  and  Altsir  m 
d  a  bluish  white  tint.    It  ia,  however,  among  the  telescopic  stars  that  the  most  msiM 
Instances  of  colour  occur.    In  many  parts  of  the  heavens  stars  of  a  deep  red  are  foond^  "■* 
even  approaching  to  blood  colour.    Buddv,  orange,  orange-ydlow,  and  yellow  stars  are  alv 
found,  their  hue  being  in  many  instances  far  more  pronounced  than  In  the  case  of  any  of  tb 
ludd  orbs.    Strangelv  enough,  among  the  single  orbs  there  are  no  wdl-marlrad  instanff«  <^ 
colours  belonging  to  the  blue  end  of  the  spectrum.    When  we  oonsidsr  the  double  and  mnbi^ 
■tars  we  find  not  only  the  colours  already  noticed  among  single  stars,  but  bins,  green,  fndk^ 
violet,  and  lilac  stars,  beddes  sndi  tints  as  gray,  fawn,  ashcolour,  russet,  oUve,  snd  otiur  ham 
which  one  would  hardly  expect  to  find  among  oelestdal  oibs.    It  has  been  supposed  ttst  is 
manv  of  these  infltances  the  colour  may  be  due  to  some  effect  of  contrast    For  example^  wbm 
a  bright  red  star  has  a  small  green  companion,  or  where  a  bright  orange  star  has  a  smsS  bloi 
com^mion  (and  many  sach  Instances  of  the  assodation  of  oomplementaiy  colours  exirt  SDOSg 
the  double  stars)  it  may  be  concdved  that  the  colour  of  the  smaller  orb  Is  merely  due  to  H^ 
law  of  contrast  by  which  fidnt  %hts  appear  to  be  tinged  with  the  colour  oomplementsiy  to  thii 
of  neighbouring  bright  lights.    But  It  has  been  experimentally  demonstrated  tixat  this  eishD»- 
tion  is  not,  at  least  in  the  great  majoritj^  of  instances,  the  true  one.    For  it  has  been  found  iM 
when  the  brighter  of  two  such  associated  orbs  is  concealed  from  view  the  £iinter  rstdai  i^ 
colour  dther  ^together  unchanged  or  but  little  diminished. 

Msny  interesting  conmderations  are  suggested  l^  the  oontemplatloii  of  coloured  doohb  ^mt. 
If  each  of  the  components  of  a  double  system  has  its  own  system  of  dependent  woridi^  ^ 
strange  must  be  the  relations  presented  to  beings  whose  own  spedsl  sun  is  green  or  hhisifcK 
example,  wMle  a  ndghbouring  sun,  large  enough  to  produce  a  large  proportion  of  the  fi^thflf 
enjoy,  is  red  or  orange.  To  use  the  words  of  Sir  John  Herschel,  "  It  may  be  more  eaid^  ng 
gested  in  words  than  concdved  In  imagination  what  variety  of  illumination  two  suns— a  rra  aod 
a  green,  or  a  yellow  and  a  blue  one — ^must  afford  a  planet  circulating  around  dther ;  oc  w|a^ 
dutrmin^  contrasts  and  *  grateful  vidsdtudes ' — a  red  and  a  green  day,  for  instance^  alteniitiBg 
with  a  "miite  one  and  witb  darkness — ^might  arise  from  the  presence  or  absence  of  one  or  ote 
or  both  above  the  horison."  Nor  are  relations  of  less  interest  suggested  when  we  coosid«tiis 
posdbility  that  the  dependent  worlds  belonging  to  such  a  system  may  be  fsr  removed  finsn  bon 
suns  and  cirde  around  their  common  centre  of  gravity. 

STABS,  DOUBLE  AND  MULTIPLE.  It  was  discovered,  soon  after  the  inventioD  of 
the  telescope,  that  many  stars  whidi  to  the  naked  eye  appear  single  are  in  really  donUe.  It 
is  commonly  asserted  that  the  first  double  star  actually  noticed  was  the  star  Mesartim  «  7 
Arietis,  and  Its  discoverer  Dr.  Hooke,  but  the  assertion  ia  open  to  connderable  doubt.  At  fii^ 
it  was  supposed  that  the  duplidty  of  such  stars  merdy  arises  from  the  aoddental  iqypearuioe  d 
two  stars  nearly  on  the  same  visual  line.  But  an  inquiir  of  great  Interest,  bdonging  to  snotbtf 
brsndi  of  astronomy,  led  to  the  recognition  of  the  fact  that  most  of  the  douUe  stars  are  resllf 
pairs  of  phymcally  associated  bodies.  The  idea  occurred  to  Sir  William  Hersdid  (not  tf  ^ 
commonly  asserted  to  Gralileo)  that  by  observing  dose  double  stars,  means  might  be  found  w 
determining  with  great  accuracy  the  effects  of  we  earth's  motian  in  causing  anappsrmt  cfasBg* 
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in  a  8tar*8  position,  and  thai  thna  the  diatanoe  of  the  star  might  be  determined.  For  where  two 
stars,  very  dose  together,  are  very  nnequal,  it  might  be  assumed,  he  thought,  that  the  smaller 
lies  far  out  in  space  beyond  the  Urger.  Thus  the  annual  parallax  of  tiie  smaller  would  be 
veiy  much  li^ss  tlum  that  of  the  larger,  and  might  in  many  cases  be  regarded  as  practically  in- 
sensible. Hence  all  that  would  be  necessary  to  deteimine  the  distance  of  the  larger  star  would 
be  to  determine  accurately  its  apparent  changes  of  position  wi&  respect  to  the  smaller.  This 
would  obviously  be  a  mu<»  simpler  and  easier  task  than  the  detection  of  its  absolute  apparent 
changes  of  position.  But  while  engaged  in  attempting  to  apply  this  simple  method  to  the 
solution  of  a  very  difficult  problem,  Sir  William  Herschel  was  startled  by  a  discovery  of  an 
tmezpected  character.  He  found  tihat  in  several  instances  the  smaller  of  two  associated  stars 
was  actually  revolving  around  the  larger ;  in  other  words  that  the  two  bodies  fonned  a  pair  or 
system.  It  was  not  till  1803  that  he  announced  this  diaooverv  definitely  to  the  world.  It  was 
received  with  considerable  doubt,  partly  because  the  idea  itself  was  so  surprising,  partly  because 
the  result  seemed  to  oppose  the  cherished  doctrine  that  the  stars  are  distributed  unifoimly 
throughout  space.  But  oontinued  observation  justified  fully  the  theory  put  forward  hy  Sfar 
WiUiam  HerscheL  None  have  distinguished  themselves  more  in  researches  directed  to  the 
vindication  of  Herschel's  views  than  his  son  Sir  John  Herschel,  Sir  James  South,  and  William 
Strove,  the  eminent  Prussian  astronomer.  The  last  named  astronomer  in  particuiar  has  larsely 
extended  the  list  of  known  binaries.  (Herschel  and  South,  Phil.  Trans.,  1826;  Hersdiel, 
Memoirs  of  the  Boval  Astronomical  Sodety,  vol  iii. ;  StruveL  Catalogus  Stellarum  DupUciam 
et  Multiplicium,  1037.)  Among  the  most  remarkable  binaries  may  be  mentioned  y  Vuginis, 
f  UnuD  Majoris,  70  Ophiuchi,  Castor,  61  Gygni,  e  HydrsB^  and  {'AquariL 

But  besides  double  stars  the  heavens  present  to  our  contemplation  triple,  quadraple,  quin- 
tuple^ and  multiple  systems,  exhibiting  every  variety  of  magnitude,  position,  motion,  and 
colour.  Assured  by  the  proof  that  really  associated  pairs  of  , stars  exist  witi±i  the  sidereal  system, 
astronomers  have  found  themselves  able  to  accept  the  view  that  these  higher  orders  of  asBoci»> 
tion  are  in  many  cases  real  also. 

Among  double,  triple,  and  multiple  stars  are  seen  many  striking  instanoes  of  ridi  or  contrasted 
odours.    (See  Stan^  Odoureck) 

STABS,  SPECTRA  OF.  As  a  general  rule  the  spectrum  of  the  fixed  stars  is  similar  t^ 
that  of  our  sun,  consisting  of  a  bright  spectrum  crossed  with  black  lines  of  all  degrees  of  inten- 
sity and  thickness.  In  many  of  thestars  lines  occurin  the  same  positions  as  some  of  those  in  the 
solar  spectram,  and  are  probably  due  to  the  presence  of  the  same  element ;  most  of  the  daric  lines, 
however,  have  not  been  identified.  A  few  stars  give  bright  lines.  (See  VairiabU  Stan,  Spectra 
qf;  Coloured  Stars^  Spectra  of.) 

STARS,  TEMPORARY.  Amongst  the  most  remarkable  phenomena  presented  bj  the 
heavens  to  man's  contemplation  must  be  ranked  the  appearance  of  new  stars  and  the  iUsappear- 
ance  of  those  which  have  found  a  place  in  our  charts  and  catalogues.  About  the  year  125  B.O., 
a  new  star  appeared,  which  was  so  bright  as  to  have  been  visible  in  the  daytime.  Hippardius 
was  induced,  it  is  said,  by  the  appearance  of  this  object  to  draw  up  his  catalogue  of  stars. 
Another  star  appeared  near  a  Aquiln  in  the  year  389  of  our  ens  "remaining,"  says  Sir  John 
Herschel,  "  for  three  weeks  as  bright  as  Venus,  and  then  disappearing  entirely/*  In  the  years 
945,  1264,  and  1572,  brilliant  stars  made  their  appearance  in  the  purt  of  the  heavens  between 
Cepheus  and  Cassiopda,  and  Goodricke  was  led  to  suspect  from  the  near  equality  of  the  intervals 
separating  the  apparitions,  that  they  were  in  reality  but  successive  appearances  of  the  same 
star.  If  so,  we  may  shortiy  look  for  its  reappearance.  The  apparition  in  1572  was  very  sudden. 
Tycho  Brahe  asserts  his  conviction  that  half  an  hour  before  the  time  when  his  attention  was 
first  directed  to  the  new  star  it  had  not  been  visible.  It  was  as  bright  when  first  seen  as  Sirius^ 
and  increased  in  lustre  until  it  surpassed  Jupiter  when  he  is  in  oppodtion.  But  in  December 
1572  it  began  to  diminish,  and  by  March  1574  had  disappeared.  Another  new  star,  also  very 
brilliant,  nuule  its  appearance  in  the  constellation  Stopentarius,  on  October  10,  1604,  and  con- 
tinued visible  until  October  1605.  In  1670  a  new  star  appeared  in  Cygnus,  and  on  April  28, 
1848,  Mr.  Hind  discovered  a  new  star  of  the  fifth  magnitude  in  the  oonstellation  Ophiuchus. 
Both  these  orbs  eventually  vanished. 

It  is  doubtful  whether  we  should  associate  the  star  Eta  Argils  with  the  class  of  objects  now 
under  oondderation,  or  with  the  periodical  stars.  In  1677  it  was  recorded  l^^  Halley  as  a  star  of 
the  fourth  magnitude.  In  17c i  Lacaille  observed  it  to  he  of  the  second  magnitude.  Between 
181 1  and  181 5  it  was  again  01  the  fourth  magnitude ;  and  again  ham  1822  to  1826,  of  the 
second.  On  Februaiy  I,  1 827,  it  had  increased  to  the  first  magnitude,  and  was  as  bright  as 
a  Cruds.  But  it  presently  returned  to  the  second  magnitude,  and  so  remained  until  the  year 
1837.  In  the  beginning  of  1838  it  increased  in  bri^tness  until  it  was  nearly  equal  to  a  Cen- 
tauri  (the  third  star  in  rae  heavens  fo#  brightness).    Then  it  diminished  but  not  below  the  first 
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magnitade,  until  1843,  ^  April  of  which  year  it  increased  again  until  it  nearly  equEai 
Sinofl  itself  in  Bplendour."  In  May  1863  it  was  scarcely  visible  to  the  naked  eye,  andnovm^ 
year  1870,  though  it  seems  to  be  slowly  recovering  its  lustre,  it  is  still  only  of  the  fdztb  msgaitadt 

On  May  12,  1866,  a  new  star  of  the  second  magnitude  was  disoovensd  hy  Mr.  Birmbi^B, 
of  Tuam,  and  somewhat  later,  but  independently,  by  Mr.  Bazendell,  of  Manchester,  in  tk  ec» 
stellation  Corona  Borealis.  It  decreased  rapidly  in  splendour,  insomuch  th&t  by  May  20  itU 
already  fallen  below  the  sixth  magnitude.  It  sank  to  the  loth  magnitude,  but  rose  a^  W 
the  seventh,  and  has  exhibited  since  some  singular  fluctuations  as  a  telescopic  star. 

STARS,  VARIABLE,  or  PERIODICAL.  There  are  many  stars  which  vary  periodieiBT 
in  brightness.  Amongst  these  the  following  are  the  most  remarkable : — Algol,  in  the  oasaib^ 
tion  Perseus,  is  usually  seen  as  a  star  of  the  second  magnitude,  but  for  about  7  hoars  in  eim 
successive  interval  of  69  hours  it  exhibits  a  gradual  decrease  to  the  fourth,  and  then  a  gn^ 
increase  to  its  original  magnitude,  the  decrease  and  increase  occupying  about  the  same  tot 
The  star  /3  Lyrse  is  another  remarkable  variable.  Its  period  is  about  I2d.  22h.,  in  which  tae, 
however,  it  goes  through  a  double  change,  resulting  in  an  apparent  variation  nvithin  6d.  iik, 
which  was  supposed  by  the  earlier  observers  to  be  the  true  period  of  this  singuhu*  variable.  T^ 
two  maxima  are  equal,  the  star  increasing  to  about  the  3*5  magnitude  during  bod 
periods,  but  the  minima  are  appreciably  unequal,  the  magnitude  of  the  star  being  4*3  dmias 
one  and  4*5  during  the  other.  Besides  this  peculiarity  the  variation  of  the  star  exhiUte  1 
strange  change  of  period.  The  period  continually  lengthened  from  1784,  when  Groodricke^ 
covered  the  variability  of  the  star  until  1840 ;  but  since  the  latter  epoch  the  period  bM  beea 
slowly  diminishing. 

The  star  S  Cephei  is  another  remarkable  variable.    It  was  first  recognised  as  a  variable  ^ 
Goodricke  in  1784.    Its  period  is  5d.  8h.  48m.,  during  which  time  it  varies  from  the  6Wi  to 
between  the  third  and  fourth  magnitudes.    The  most  striking  feature  of  its  variation  is  tbe 
fact  that  while  it  occupies  only  id.  I4h.  in  increasing  from  its  minimum  to  its  maximum  bri^ 
ness,  the  interval  during  which  it  is  diminishing  is  no  less  than  3d.  I9h.    But  p>erhaps  the  mo^ 
remarkable  of  all  the  svstematically  variable  stars  is  the  star  "Mirtk  Ceti  (0  Ceti)  first  reoognaed 
as  a  variable  by  Fabriaus  in  1 596.    Its  period  of  variation  is  about  33  id.  8h.  4m.  16s.    It  sfaina 
for  about  a  fortnight  as  a  star  of  the  second  magnitude ;  decreases  during  about  three  maatiB, 
at  the  end  of  which  time  it  is  altogether  invisible ;  remains  invisible  for  five  months,  and  tiia 
increases  during  fiie  remaining  2f  months  of  its  period.     "Such,"  says  Sir  John  Herschel,  "is 
the  general  course  of  its  phases.     It  does  not  always,  however,  return  to  the  same  degree  d 
brightness,  nor  increase  and  diminish  by  the  same  gradations,  neither  are  the  successive  intemb 
of  its  TyiariTnA  equsl.     From  the  recent  observations  and  inquiries  into  its  history  by  M.  Arge- 
lander,  the  mean  period  above  assigned  would  appear  to  be  subject  to  a  cyclical  hnctaatioa, 
embracing  88  such  periods,  and  having  the  effect  of  gradually  lengthening  and  shortenuig 
alternately  those  intervals  to  the  extent  of  25  days  one  way  and  the  other.     The  irregulsritKS 
in  the  degree  of  brightness  attained  at  the  maximum  are  probably  also  periodical."    It  is  remsrir- 
able  thai  this  star  when  near  its  minimum  changes  colour  from  white  to  a  full  red,  a  pecolisri^ 
which  promises  to  afford  a  means  of  answering  some  of  the  perplexing  questions  suggested  by 
the  periodical  variability  of  the  stars.     It  is  noteworthy  of  Mira  Ceti,  that  it  does  not  at  evaj 
return  to  its  maximum  become  equally  bright.    For  example,  Hevelius  tells  us  that  during  ^ 
four  years  between  October  1672  and  December  1676,  Mira  did  not  appear  at  alL     On  October 
5«  1839,  on  the  other  hand,  it  outshone  a  Ceti  and  ^  Aurigse,  both  of  which  usually  mrj*^ 
Mira  even  when  at  its  maximum.    A  similar  peculiarity  is  observed  in  the  case  of  the  star 
X  Cygni  (Smyth  thus  names  a  star  which  is  not  variable,  but  Baxendell  has  shown  that  ^ 
variable  in  the  neck  of  Cygnus  is  the  star  which  should  be  called  x)f  which  at  the  period  of  '^ 
TTif^YiTnnTn  has  Sometimes  been  invisible,  as  in.  1699,  1700,  and  1701,  though  usually  of  the  fi^ 
magnitude  at  such  times. 

The  principal  recent  observers  and  discoverers  of  variable  stars  have  been  Hind,  Baxendell 
Schmidt,  Sir  J.  Herschel,  Pogson,  and  Chacomac. 

STATICS.    That  branch  of  mechanics  which  considers  the  relations  of  forces  which  act 
upon  bodies  at  rest. 

STEAM.     The  elastic  fluid  into  which  water  is  converted  by  heat.    In  order  to  explain  the     | 
nature  of  the  force  arising  from  steam,  let  us  suppose  a  cylinder,  containing  a  small  quanti^oi^     j 
water,  to  be  placed  over  a  heating  apparatus  ;  let  the  cylinder  be  fitted  by  a  piston,  and  let  the    ; 
piston  be  balanced  by  a  weight  attached  to  a  cord  which  passes  over  a  pulley  ;  also  let  a  tl>^ 
mometer  be  inserted  in  the  water  below  the  piston  to  measure  its  temperature.    Suppose  the 
temperature  to  be  at  first  o**  Centigrade,  or  32**  Fahrenheit,  and  no  air  to  be  between  the  piflton 
%nd  the  water.    To  make  the  piston  rise,  it  will  be  necessary  to  overcome  the  pressure  of  the 
atmosphere,  which  will  be  about  1 5  lbs.  on  the  square  inch.    When  heat  is  applied  at  the 
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bottom  of  the  piston,  the  water  in  the  cylinder  rises  in  temperature  mitil  the  thermometer 
reaches  ioo°  C,  or  212"  F.  After  this  the  water  will  remain  at  the  same  temperature,  but  its 
volume  will  diminish,  and  at  the  same  time  the  piston  will  be  g^ually  lifted  away  from  the 
water.  A  certain  quantity  of  water  will  have  become  steam.  When  the  volume  of  water  has 
been  diminished  by  i  cubic  inch,  1700  cubic  inches  of  steam  will  have  been  produced.  If  heat 
be  communicated  for  a  sufficiently  long  time,  the  whole  of  the  water  will  become  steam ;  and 
if  the  cylinder  be  laige  enough  to  contain  it,  will  occupy  1 700  times  the  space  it  occupied  when 
in  the  condition  of  water.  If  the  lamp  or  source  of  heat  be  removed,  the  piston  will  begin 
immediately  to  descend,  drops  of  water  will  be  formed  on  the  sides  of  the  cylinder,  and  will  run 
to  the  bottom  until  all  the  steam  has  returned  to  the  form  of  water.  By  comparing  the  time 
taken  by  the  water  to  rise  from  o**  to  100°  C.  with  the  time  which  elapses  from  the  commence- 
ment of  the  formation  of  steam  to  the  instant  at  which  the  whole  of  the  water  has  been  trans- 
formed, it  is  found  that  54  times  as  much  heat  was  required  to  evaporate  the  whole  as  was 
used  in  raising  the  temperature  from  0°  C.  to  lOO*"  G.  (See  Latent  Heat.)  If  the  area  of  the 
cylinder  be  i  square  inch,  and  a  cubic  inch  of  water  be  turned  into  steam,  the  piston  will  be 
raised  1700  inches.  The  pressure  of  the  ur  on  the  piston  will  be  15  lbs.  Consequently,  in  the 
conversion  of  one  cubic  inch  of  water  into  steam,  work  will  be  done  equivalent  to  the  raising 
of  15  Ibe.  through  a  height  of  1700  inches,  that  is,  to  2125  foot  pounds. 

Experiments  to  ascertain  the  relation  between  the  temperature  and  pressure  of  steam  were 
made  by  Watt,  and  afterwards  by  Southern  his  assistant,  and  an  elaborate  empirical  formula 
was  constructed  by  Southern  from  the  results  of  his  experiments  to  determine  the  pressure  of 
steam  at  any  given  temperature.  The  subject  was  further  investigated  by  Arago  and  Bulong ; 
but  the  latest  experiments  in  the  matter  are  those  of  Regnault,  who  has  shown  that  the  total 
amount  of  heat  in  a  given  weight  of  steam  increases  with  the  pressure.  When  more  heat  is 
applied  to  steam  than  is  required  to  keep  it  in  the  form  of  vapour,  it  observes  the  same  laws 
as  other  gases.  Thus,  when  the  temperature  remains  the  same,  the  pressure  varies  inversely 
as  the  volume ;  and  when  the  pressure  remains  the  same,  the  volume  increases  for  every  degree 
of  temperature  by  -^  of  the  volume  at  0°  C. 

STEAM-BOILER  The  apparatus  in  which  water  is  turned  into  steam  for  the  purpose  of 
supplying  steam  engines.  The  form  of  boiler  introduced  by  Watt  was  termed  the  vxi^gon, 
from  the  fact  that  tiie  section  of  it  represented  in  figure  the  section  of  a  waggon  covered  with 
a  semi-drcular  awning.  The  waggon-boiler  Ib  now  rarely  used,  as  others  are  constructed  having 
a  higher  evaporating  power,  in  proportion  to  the  amount  of  fuel  used,  and  because  the  best 
authorities  condemn  it  as  unsafe,  especially  for  steam  of  a  high  pressure.  The  boilers  best 
suited  for  the  purpose  are  cylindrical  One  form  much  approved,  as  being  both  safe  and 
economical,  is  the  Conush  boiler,  so  named  from  its  general  use  in  the  mines  of  Cornwall.  The 
furnace  is  not  below  the  boiler  as  in  the  waggon,  but  within  it,  the  flames  and  hot  air  passing 
along  a  flue  to  tiie  further  end,  then  back  along  the  sides ;  next,  they  return  below,  and  finally 
escape  to  the  chimney.  The  Cornish  boiler  is  remarkable  for  the  small  amount  of  fuel  burnt 
in  a  given  time.  The  tubular  boiler  is  one  which  is  rapidly  coming  into  extended  use,  and  is 
always  employed  in  the  locomotive.  It  is  traversed  by  straight  horizontal  tubes,  connected  on 
one  side  with  the  furnace  and  on  the  other  with  the  chimney.  The  hot  air  passes  from  the 
furnace  through  these  tubes,  so  that  a  very  large  surface  is  heated  in  contact  with  the  water. 

The  following  is  a  comparison  of  the  three  l^ds  of  boilers : — 

VssgoiL  Comlih.  Loeomotlya. 

^^t^^r"  "  *  '^'"  I  •*'•"  '*-  3-46  lb.  79-33  "-. 

Square  feet  of  surface  required  ) 

to  evaporate  one  cubic  foot  of  >    9*96  ^'5^  ^'^ 

water  in  an  hour,    •        •         ) 

Boilers  are  supplied  with  water  on  two  plans :  the  first  consists  of  a  feed-pipe,  with  a  cook 
opened  and  closed  by  means  of  a  lever  to  which  a  float  is  attadied  ;  the  second  consists  of  a 
contrivance  for  forcing  the  water  directly  into  the  boiler  by  means  of  a  force-pump,  together 
with  a  means  of  regulating  the  supply  according  to  the  requirements  of  the  boiler  by  a  float 
and  lever,  forming  what  is  termed  the  differential  feed. 

Marine  boUers  usually  consist  of  a  number  of  metallic  furnace-chambers,  with  either  flues  or 
tubes  traversing  the  bouer,  and  delivering  into  the  chimney.  As  these  boilers  cannot  be  set  in 
brickwork,  they  are  so  constructed  that  ue  metallic  surfaces  which  come  in  contact  with  the 
fire  and  heated  air  are  everywhere  surroonded  with  water.  The  consumption  of  fuel  in  marine 
boilexSy  as  at  present  constntcted,  is  very  great,  amounting  to  5  or  6  lbs.  per  horse-power. 

2K 
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These  boilers  are  fed  of  coarse  with  salt  water ;  and  in  order  to  prevent  the  salt  from  bang 
deposited  as  a  hard  stony  coating,  the  water  has  to  be  driven  ont  oefore  it  reaches  the  deoaty 
at  which  the  salt  is  deposited.  Hydrometers  are  now  used  by  the  engineers  to  test  the  denoty 
of  the  water ;  and  when  they  indicate  that  the  water  is  nearly  saturated  with  salt,  it  is  Won 
oat  and  fresh  water  introduced  from  the  hot  well  or  the  sea. 

The  explosions  of  boilers  generally  arise  from  one  of  two  causes ;  either  tbe  boiler  ms  act 
constructed  originally  of  sufficient  strength  to  bear  the  pressure  of  the  steam,  or,  in  cosueqneBee 
of  an  insufficient  water  supply,  the  flues  have  become  red-hot,  and  unable  therefore  to  surina 
the  pressure.  To  prevent  the  steam  from  acquiring  a  greater  pressure  than  the  boiler  nf^ 
bears,  a  safety-valve  is  attached.  (See  Sc^e^-Valve,)  Additional  information  will  be  foimda 
Steam  BoUert^  by  R.  Armstrong,  C.E.,  and  Bourne's  Catechitm  of  iks  Steam  Enffine^  and  XTsad- 
}H)ok  of  the  Steam  Engine, 

STEAM  ENGINE.  A  machine  for  conyerting  heat  into  work  by  means  of  the  elsstk 
force  produced  when  water  is  chan?ed  into  steam.  The  first  steam  engine  on  record  is  tte 
Eolopyle  (JBolut,  the  Gk)d  of  the  Winds  ;  and  pUa,  a  ball)  of  Hero  of  Alexandria,  who  Irrad 
about  I20  B.C.  This  machine  consisted  of  a  hollow  globe  containing  water  capable  of  tunnog 
about  a  horizontal  axis,  and  having  two  bent  tubes  with  small  apertures  inserted  in  a  plane  per 
pendicular  to  the  axis  at  its  centre.  When  the  globe  was  heated  the  steam  escaped  firam  tk 
tubes,  and  by  its  reaction  caused  the  globe  to  revolve.  Porta  (1580),  De  Cans  (161 5),  and  Wo" 
oester  (1663),  conceived  independently  the  idea  of  employing  tiie  pressure  of  at&im.  to  rtm 
water.  Subsequently  (1698)  Captain  Savery  took  out  a  patent  for  a  machine  on  the  suv 
principle  for  raising  water  from  a  mine.  In  1690  Papin  thought  of  using  steam  to  raise  t 
piston,  and  in  1705  Newcomen  constructed  an  engine  worked  by  a  piston  moving*  in  a  cylinder. 
The  steam  from  the  boiler  passed  to  the  lower  part  of  the  cylinder  and  nused  the  piston.  Tin 
steam  was  then  cut  off,  and  a  jet  of  cold  water  sent  into  the  cylinder  so  as  to  condense  ti» 
■team  contained  in  it.  The  upper  part  of  the  cylinder  communicated  with  the  air ;  coose- 
quently,  after  the  condensation  of  the  steam,  the  atmospheric  pressure  and  its  own  wta^ 
brought  down  the  piston.  The  communication  with  the  boiler  was  then  renewed,  and  the 
whole  action  repeated.  In  1 763  James  Watt  of  Glasgow,  while  repairing  a  Newcomen  engine 
conceived,  and  by  laborious  study  realised  improvements  which  constitute  the  chief  featurs  c^ 
the  modern  steam  engine.  The  improvements  w]uch  have  immortaUsed  the  name  of  Watt  are 
the  following : — 

1.  In  order  to  avoid  the  waste  of  heat  consequent  on  the  alternate  heating  and  eodUng  of 
the  cylinder.  Watt  introduced  a  condenser  apart  from  the  cylinder.  When  the  piston  readied 
its  highest  point,  therefore,  he  opened  a  communication  between  the  lower  part  of  the  cylioder 
and  a  separate  chamber  into  which  a  jet  of  cold  water  was  made  to  play. 

2.  Watt  also  introduced  an  air-pump  into  the  condensing  chamber  to  remove  the  heated 
water  and  air. 

3.  Another  improvement  was  the  doMe  action  on  the  piston.  The  eteam  was  introdoced 
above  and  cut  off  from  below  when  the  piston  was  required  to  descend,  and  the  oonmiunicatiai 
above  was  closed  and  that  below  opened  when  the  piston  had  to  ascend. 

4.  Watt  also  introduced  the  plan  of  cutting  off  the  steam  before  the  piston  reached  its  limi^ 
ing  position,  so  that  its  momentum  should  be  destroyed  gradually,  and  not  by  a  sudden  pei^ 
cussion  at  the  end  of  the  stroke. 

In  Watt's  engine,  therefore,  the  course  and  action  of  the  steam  will  be  as  follows  :^^ 
steam  from  the  boiler  passes  along  the  steam-pipe  to  the  valve  casing,  from  whence  it  is  dis- 
tributed, as  it  is  termed,  to  the  upper  and  under  sides  of  the  piston,  producing  its  altenute 
up-and-down  motion  in  the  cylinder.  After  working  the  piston,  the  steam  passes  by  a  pip^ 
to  the  condenser,  where  it  is  condensed  by  coming  in  contact  with  a  jet  of  cold  water.  From 
the  condenser  the  water  of  condensation,  together  with  the  air  which  obtains  admission  throo^ 
the  steam,  and  which,  if  allowed  to  accumulate,  would  ultimately  prevent  the  engine  workiDK^ 
is  drawn  off  by  an  air-pump,  and  delivered  to  a  hot  well  An  arrangement  of  valves  preventi 
the  water  from  returning  to  the  air-pump  from  the  cistern,  and  also  prevents  the  water  whidi 
may  remain  at  the  bottom  of  the  air-pump  from  being  again  forced  into  the  condenser  on  ti)0 
down-stroke  of  the  air-pump  piston.  The  condenser  and  air-pump  are  placed  in  a  cistern  filled 
with  cold  water  supplied  by  the  pump.  The  jet  of  cold  water  which  plays  over  the  condenser 
is  supplied  from  the  cistern,  and  is  regulated  by  a  stop-valve. 

The  piston  rod  Ib  connected  with  the  end  of  the  working  beam,  and  is  kept  parallel  by  i 
beautiful  arrangement  of  levers,  termed  Watt's  parallel  motion.  The  other  end  of  the  bevn 
is  joined  to  the  upper  end  of  the  connecting-rod,  which,  at  its  lower  end,  is  attached  to  the 
crank.  To  equalise  the  motion,  a  heavy  wheel,  the  fly  wheel,  is  keyed  on  to  the  crank  shaft. 
In  the  revolution  of  the  crank  there  are  two  positions,  called  the  dead-points,  at  both  of  which 
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*  the  power  of  the  engine  has  no  effect  in  caufling  revolntion,  namely,  when  the  piston  is  at  the 

*  terminations  of  the  up  and  down  stroke.    By  the  momentum  acquired  by  the  fly-wheel,  while 

*  recdving  the  full  power  of  the  engine,  the  crank  is  carried  past  its  dead  points. 

>  The  arrangement  by  which  the  steam  is  alternately  led  into  the  upper  and  lower  part  of  the 

cylinder  is  termed  a  slide  valve.     The  engine  itself  regulates  the  motion  of  the  slide  valve  by 

*  means  of  an  eccentric.     The  steam  is  admitted  a  little  before  the  extreme  positions  of  the 
piston  have  been  reached ;  also  when  the  piston  has  been  pushed  forward  a  certain  distance  by 

t  the  full  force  of  the  steam,  the  supply  from  the  boiler  is  usually  stopped,  and  the  piston  is  im- 

it  pelled  by  the  elastic  force  of  the  steam  already  in  the  cylinder.     The  engine  is  then  said  to 

i  work  expansively.    In  some  cases  the  steam  is  cut  off  at  a  half-stroke,  in  some  at  one-third,  and 

k>  in  others  at  a  smaller  proportion  of  the  entire  stroke.     This  is  effected  by  making  the  foot  of 

the  slide  valve  of  greater  length.    When  the  steam  is  cut  off  at  one-third  of  the  stroke,  acting 
(':  expansively  for  the  remaining  two-thirds,  the  machine  has  only  half  the  power  it  would  have 

s  if  the  steam  had  access  to  the  cylinder  during  the  whole  course ;  hence  half  the  wm-TimnTn 

i'  force  is  obtained  at  the  expense  of  one-third  of  the  steam. 

t'  The  supply  of  steam  to  the  cylinder  is  r^^lated  by  the  throttle  valve,  a  circular  metal  plate 

>)  fitting  the  steam  pipe  and  moving  on  a  horizontal  axis.     The  edges  of  the  plate  are  bevelled,  so 

IS  that  it  is  steam-tight  when  closed.   The  throttle  valve  is  connected  by  a  lever  with  the  governor. 

As  the  speed  of  the  engine  increases  the  balls  of  the  governor  fly  outward,  the  lever  is  raised, 
g  and  the  valve  partially  closed. 

Steam-engines  may  be  divided  into  classes,  according  to  several  particulara ;  for  example, 


I  engines  may  have  cylinders  fixed  or  oscillating,  vertical  or  horizontal.      They  may  have  a  con- 
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densing  apparatus,  or  no  condensing  apparatus.    We  need  only  consider  the  third  distinction, 

f  and  divide  engines  into  two  classes—  those  in  which  the  steam  is  condensed  after  leaving  the 

if  cylinder,  commonly  called  low-pressure,  and  those  in  which  the  steam,  after  working  the  piston, 

f  passes  to  the  atmosphere,  called  high-pressure.    The  exigencies  of  modem  practice  have  tended 

I  to  alter  this  distinction  of  low-pressure  and  high-pressure  engines  very  materially.     In  former 

times  condensing  engines  always  worked  with  low-pressure  steam ;  now,  they  frequently  work 

I  with  steam  of  high-pressure.     Hence  the  terms  condensing  and  non-condensing  more  accurately 

I  define  the  two  classes.    It  is  now  usual  to  employ  steam  of  a  higher  pressure  than  formerly,  even 

I  with  condensing  engines.     The  force  of  the  steam  from  the  moment  the  steam  valve  is  closed 

is  continually  diminishing  to  the  end  of  the  stroke,  and  if  it  were  cut  off  at  a  small  fraction  of 

the  stroke,  it  might  become  so  attenuated  as  not  to  drive  up  the  piston.     On  this  account,  when 

the  expansive  system  is  used,  steam  of  higher  pressure  is  employed.     The  term  high-pressure, 

however,  has  been  generally  applied  to  engines  in  which  the  exhausted  steam  is  driven  into  tlie 

air.    Such  steam  must  evidently  always  exceed  the  pressure  of  the  atmosphere. 

The  non-condensing  engine  is  more  simple,  and  consists  of  fewer  parts  than  that  which  has 
been  described.  It  is  generally  used  for  locomotive  engines,  steam  carriages,  and  steam  vessels 
required  to  possess  lightness  and  rapidity.  Although  it  is  more  elementary  and  simple  than 
the  other,  it  was  not  invented  imtil  many  years  after  the  condensing  engine  had  been  brouffht 
nearly  to  perfection.     In  condensing  engines  the  pressure  of  the  steam  in  the  boiler  very  nre- 

Suently  does  not  exceed  from  4  to  6  lbs.  on  the  sqiuure  inch  ;  but  in  the  present  species,  where 
[lere  is  no  condenser,  and  the  steam  is  allowed  to  pass  into  the  open  air,  its  pressure  is  seldom 
less  than  20  lbs.  on  the  square  inch.  In  locomotive  engines  the  pressure  is  usually  from  50  to 
60  lbs.  per  square  inch. 

The  locomotive  engine  differs  from  the  stationary  engine  in  several  important  features. 
Such  engines  require  to  be  smaller  and  lighter  than  others  ;  hence  the  apparatas  for  condensa- 
tion is  rejected,  and  high-pressure  is  used.  The  boiler  is  an  oblong  cylinder,  through  which  a 
number  of  tubes  are  arranged  horizontally,  in  communication  with  the  furnace  and  chimney. 
By  this  means  a  very  large  surface  is  heated  in  contact  with  the  water.  After  moving  the 
pistons,  the  steam  escapes  from  the  cylinders  by  two  pipes  meeting  in  a  common  tube  or  blast- 
pipe,  which  passes  into  the  chimney.  When  the  expedient  of  turning  the  exhausted  steam  into 
the  chimney  was  first  adopted  by  George  Stevenson,  it  was  found  tiiat  the  speed  of  the  loco- 
motive on  which  the  experiment  was  tried  had  been  doubled. 

The  working  power  of  a  steam-engine  is  estimated  in  horse-power,  one  horse-power,  as  applied 
by  engineers  to  the  steam-engine,  being  33,000  foot-pounds  per  minute. 

In  order  to  calculate  the  effective  power  we  reqtdre  to  know  (i)  the  space  through  which  the 
piston  is  moved  per  minute,  (2)  the  size  of  the  piston,  (3)  the  mean  effective  pressure  in  the 
cylinder. 

The  pressure  in  the  cylinder  is  found  by  an  instrument  devised  by  Watt,  termed  an  indi- 
cator. It  consists  of  a  small  cylinder  8  inches  long  and  about  2  inches  in  diameter,  communi- 
cating directiy  with  tibe  cylinder,  and  supplied  with  a  piston.     When  the  pressure  in  the 
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cylinder  varies,  the  piston  of  the  indicator  riBee  or  falis.     A  pencil  attached  to  the 

traces  a  carre  on  paper  as  the  piston  moves,  £rom  which  the  mean  pressure  of  the  steam  can  be 

calculated. 

As  an  example,  let  ns  find  the  horse-power  of  an  engine,  the  piston  of  which  is  21  inches  in 
diameter  and  maJces  30  strokes  per  minute,  the  length  of  each  being  50  indies,  with  a  mean 
efFective  presrare  of  10  lbs.  per  square  inch  : — 

In  one  minute  the  piston  moves  through  50  x  2  x  30  inches =250  feet. 

The  area  of  the  piston  s  (^)   x  ^  a  346}  square  inches. 

2  7 

Mean  pressure  on  the  whole  piston  =  346^  x  10  lbs. 
Therefore  the  number  of  foot-pounds  =  3465  x  25a 
And  the  horse-power  =  3465  x  250  -r-  33000  s  26*25. 

STEAM,  LATENT  HEAT  OF.    See  Latent  Heat. 

STEARIC  ACID.  A  fatty  acid  occurring  in  most  solid  animal,  and  in  some  vegetable  fats. 
It  oystallises  in  thin  plates ;  at  69°  C.  ( 156°  F. )  it  melts,  and  at  a  higher  temperature  distils  with 
partial  decomposition.  Formula  CiJELj^O^  With  basis  it  fonns  salts  called  soaps,  the  neutral 
tUaraU  of  9oda  (CigHi^NaO,)  is  a  component  of  ordinary  washing  soap. 

STEEL.    See  Inm. 

STEELYARD.  A  form  of  lever  with  unequal  arms,  in  which  the  power  is  moveable  so  aa 
to  allow  the  arm  to  be  increased  or  diminished  at  pleasure.  It  is  a  lever  of  the  first  kind,  in 
which  the  body  weighed  is  close  to  the  fulcrum.  In  all  cases  the  weight  multiplied  by  its  arm 
must  be  equal  to  the  product  of  the  power  by  its  arm,  the  lever  being  purposelv  so  constructed 
as  to  have  its  own  centre  of  gravity  at  the  fulcrum,  in  order  that  its  we^ht  mav  bave  no 
influence  on  the  indications  of  the  instrument.  Hence  if  on  the  one  side  the  arm  of  tne  weight 
remains  the  same  while  the  weight  varies,  and  on  the  other  the  power  remains  the  same  while 
the  arm  varies,  it  follows  that  the  variations  of  the  power  arm  will  be  proportional  to.the  varia- 
tions of  the  weight.    The  principle  of  the  steel-yard  was  applied  in  the  Roman  itaterci 

STELLAB  SPECTROSCOPE.  As  the  image  of  a  star  at  the  focus  of  the  objedrglan  of 
the  telescope  is  a  point,  some  modification  is  required  to  enable  the  spectroscope  to  give  a  good 
image  of  its  spectrum.  This  is  effected  by  placing  a  cvlindrical  lens  of  short  focus  just  within 
the  focal  point  of  the  object-glass.  This  draws  the  pomt  of  light  into  aline,  and  this  line  being 
received  on  the  jaws  of  the  slit,  illuminates  it  throughout  its  whole  length,  the  prisms  being  thus 
enabled  to  give  a  spectrum  having  appreciable  bieadth.  Dark  or  luminous  lines  can  thus  be 
detected.     (See  Specttvtcope.) 

ST.  ELMO'S  FIRE.  A  luminous  phenomenon  frequenUy  observed  and  described  both  by 
ancients  and  modems.  It  is  a  ball  of  fire  frequentiy  seen  in  stormy  weather  on  the  rigging  <i 
ships,  on  the  points  of  weapons,  or  the  tope  of  the  helmets  of  soldiers,  even  on  the  bare  head  or 
the  tips  of  the  fingers.  It  is  generally  noiseless,  but  sometimes  is  accompanied  by  a  roaring  or 
hissing  noise.  It  is  simply  a  brush  or  glow  dischai^ge  of  electricity  on  a  large  scale.  (See 
Discharge.) 

STEREOSCOPE,  {trrepeot,  solid ;  and  CKorew,  to  view.)  An  optical  instrument  devised  by 
Sir  C.  Wheatstone  for  illustrating  the  phenomena  of  Binocular  vision.  Two  pictures  are  taken 
(at  the  present  day  photography  is  the  sole  agent  emploved)  from  slightly  different  points  0/ 
view,  so  that  one  may  represent  the  view  as  seen  by  the  right  eye,  and  the  other  the  view  seen  bj 
the  left.  The  stereoscope  is  an  instrument  for  presenting  these  views,  one  to  each  eye,  so  as  te 
produce  the  same  optical  effect  as  if  the  real  scene  were  being  viewed.  In  the  reflecting  stereo* 
scope  a  mirror  is  placed  opposite  each  eye,  and  the  pictures  are  so  arranged  that  each  is  reflected 
by  its  own  mirror  into  the  eye  for  which  it  was  taken.  In  the  refracting  stereoscope  the  two 
pictures  are  mounted  on  a  card,  tide  by  side,  and  are  looked  at  through  prismatic  lenses  which 
refract  each  picture  apparentiy  to  the  same  place  where  they  coalesce.  The  reflecting  stereo* 
scope  is  the  most  perfect  instrument,  and  is  adapted  for  any  sized  picture,  but  the  refracting 
instrument  is  the  most  popular.     (See  Binocular  Vision,) 

STORM.    See  Winds. 

STORM  GLASS.  Some  amateur  observers  have  great  faith  in  the  "chemical  weather 
glass,"  as  some  instrument  makers  tenn  it,  as  a  coirect  indicator  of  meteorological  changes,  and 
tiiey  are  likely  to  be  confirmed  in  this  view  by  the  authority  of  the  late  Admiral  Fits  Roy,  who 
fotmd  it  "useful  for  aiding,  with  the  barometer  and  thermometer,  in  forecasting  weather." 
"  Again,"  he  says,  in  his  '^Weather  Book,"  "camphor  glasses  in  proper  positions  and  duly 
attended  are  most  useful  to  a  quick  eye  and  skilled  perception,"  page  232.  There  are  many 
other  passages  in  the  same  work  descriptive  of  its  indications. 
^,  The  following  ia  a  common  recipe  for  making  a  stonn  glass :  Take  2}  drachms  of  camphor. 
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38  grains  of  nitre,  and  38  giaimi  of  sal-ammoniao ;  diasoWe  in  9  drachms  of  water  and  11  drachms 
of  rectified  spirit  with  a  gentle  heat.  Pat  the  mixture  into  a  long  glass  tube  and  close  it  with 
a  brass  cap  with  a  small  hole  in  it  to  admit  air.  Other  accounts  say  the  tabe  is  to  be  henneti- 
cally  sealed. 

The  instrument-maker  generally  gives  a  piq>er  containing  the  supposed  weather  indications 
of  this  scientific  toy.  It  is  not  necessaiy  to  repeat  them  here,  since  Mr.  Tomlinson  has  shown 
condusively  (Phil.  Mag.,  August  1863)  that  neither  electricity,  nor  light,  neither  wind  nor 
doud,  have  any  action  on  the  mixture,  but  that  changes  in  temperature  are  alone  concerned  in 
bringing  about  its  varied  ^ects.  "  The  stonn  glass  acts  as  a  rude  Idnd  of  thennoscope,  inferior, 
for  most  purposes  of  observation,  to  the  Uiermometer.  It  does  not  seem  to  be  ci^ble  of  refer- 
ence to  a  standard,  and  hence  observations  made  with  it  scarcely  admit  of  being  registered, 
although  attempts  at  a  scale  are  made  by  some  instrument  makers.  If,^  however,  two  or  mora 
of  such  graduated  instruments  be  placed  in  and  about  a  house,  their  indications  will  vaiy 
considerably,  according  as  they  are  more  or  less  exposed  to  the  action  of  radiation ;  and  it  is 
difficult  to  see  how  the  glass  can  be  protected  from  radiation  except  by  endosing  it  in  another 
glass,  and  under  such  circumstances  its  action  will  be  very  feeble."  **  Two  tub9s  containing 
the  same  mixture  were  placed,  one  in  the  window,  and  the  other  in  a  test^lass  within  a  foot  of 
the  window ;  the  first  acted  wdl,  the  second  did  not  act  at  all,  on  account  of  its  cooling  being 
interfered  with  by  the  shelter  of  the  test-glass ;  but  on  taking  it  out  of  the  glass  and  placing  it 
on  the  window-pane,  it  began  to  act  in  a  few  hours,  and  has  behaved  weU  for  many  weeks." 

STORMS,  LAW  OP.    See  Wind$, 

STORM  WARNING.  A  sisnal  indicating  the  anticipated  approach  of  stormy  weather. 
Although  in  extra-tropical  latitudes  it  is  difficut  to  form  certain  deductions  as  to  approadung 
storms,  yet  certain  general  laws  have  been  detected  which  enable  meteorologists  to  predict 
the  course  of  storms  actually  in  progress^  and,  in  some  instanoes,  to  announce  the  aipptott/tih. 
of  a  storm.  A  large  proportion  of  Uie  storms  which  visit  Europe  come  from  the  wast  and 
south-west,  and  therefore  telegraphic  communications  from  suitable  westerly  stations  may 
serve  to  prepare  more  easterly  stations  for  the  approach  of  a  stonn  which  is  actually  in 
progress  at  the  former.  In  like  manner,  the  interchange  of  td^graphic  communications 
respecting  the  barometric  pressure  at  different  stations  may  serve  to  indicate  such 
disturbances  of  atmospheric  equilibrium  as  are  not  likdy  to  pass  away  without  stormy 
weather. 

The  list  of  storm  warnings  inued  under  the  direction  of  the  Meteorological  department  of 
the  Board  of  Trade,  not  ^y  to  English  ports  but  to  the  continent,  exhibits  so  small  a 
proportion  of  failures  (considering  all  the  circumstances  of  the  case)  as  to  encourage  a  belief 
that  time  and  experience  only  axe  wanting  to  render  complete  the  svatem  on  which  predictiona 
are  founded. 

STREAM  TIN.    See  Tin. 

STRONTIUM.  Themetallio  basis  of  strontia,  one  of  the  alkaline  earths ;  it  was  separated 
in  the  metallic  state  by  Sir  H.  Davy  in  1808 ;  it  possesses  a  yellow  colour,  but  is  not  so  dark  as 
gold.  Specific  gravity  2*54.  Atomic  weight  87*5.  SymbdSr.  The  most  important  compound 
of  strontium  is  the  oxide, — Strontia  (SrO).  This  is  a  grayish  white  porous  mass.  Specific  gravity 
3  '9.  When  water  Ib  poured  upon  it,  combination  takes  plaos^  and  it  becomes  veiy  hot  and  crumUes 
to  a  white  powder  of  the  hydrate  of  ttronUum  (SrO.HsO).  This  hydrate  is  similar  in  its  proper- 
ties to  the  corresponding  bvium  and  *^Hii"*  hydrates.  It  dissolves  in  water,  forming  a  strongly 
alkaline  solution,  which  absorbs  carbonic  add  readily,  becoming  coated  with  a  crust  of  insoluble 
carbonate.  When  a  hot,  saturated  solution  of  strontia  is  allowed  to  cool,  it  depodts  the  hydrate 
in  needlediaped  crystals.  Compounds  of  strontium  communicate  a  red  colour  to  flame,  and 
when  examined  in  the  spectroscope  give  a  spectrum  containing  characteristic  red  and  blue 
lines.  

STRENGTH  OF  MATERIALS.  The  power  of  the  sdid  materials,  of  which  structures 
are  composed  to  resist  forces  tending  to  bend  or  break  theoL  The  conditions  which  determine 
the  strength  of  solid  bodies,  and  their  power  to  resist  forces  tending  to  produce  fracture,  are 
found  byexperiment.  A  force  acting  on  a  sdid  body  may  tend  to  separate  its  parts  in  different 
ways.    The  force  may  be— 

1.  A  direct  pull,  tending  to  produce  extendon ;  or,  (when  mptore  results),  to  prodooe  a  tear* 
ing  fracture. 

2.  A  direct  pressure,  tending  to  produce  compresdon,  or  a  crudiiag  ficactora. 

3.  A  force  tending  to  produce  dirtortion,  or  a  shearing  fraotura, 
4*  A  twisting  or  wrenching  force. 

;.  A  bending  force,  which  tends  to  break  the  body  aeroaa. 

7o  determine  f  uUy  the  strength  d  a  solid,  it  will  be  neoaasaiy  to  find,  fn  oooneotion  with  each 
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kind  of  strain  ,the  ultimate  or  breaking  load,  the  proof  load,  or  that  which  will  just  be  borne 
•without  imparing  the  strength  of  the  material,  and  the  safe  or  working  load.  Most  stmuimtM 
would  be^broken  in  time  by  a  load  which  would  not  produce  fracture  at  onoe  ;  on  this  aoconnt, 
and  to  provide  for  unforeseen  contingencies,  the  working  load  on  each  piece  of  stnictore  is 
made  less  than  the  proof  load,  in  a  certain  ratio  determin^  bj  practical  experience.  The  prao- 
tioe  of  engineers  is  by  no  means  uniform. 

Experiments  to  test  a  piece  of  material  are  conducted  in  two  ways.  If  the  solid  body  is  to 
be  afterwards  used,  the  experiments  must  be  so  made  as  to  avoid  impairing  the  strength ;  if 
the  body  is  to  be  sacrificed  for  the  sake  of  ascertaining  the  strength  of  the  material,  the  load  is 
to  be  increased  by  degrees  until  fracture  is  produced.  To  determine  the  proof  strength  mudi 
time  and  care  is  required.  The  load  mast  he  repeatedly  applied  and  removed,  and  its  effect  in 
altering  the  figure  of  the  material  observed  after  removal.  If  the  alteration  does  not  sensibly 
increase  by  repeated  applications,  the  load  is  within  the  limit  of  proof  strength.  By  gradually 
increasing  the  forces  appUed,  two  loads  will  at  last  be  found,  one  of  which  is  under,  and  the 
other  beyond,  the  proof  strength.  Mr.  Fairbaim  has  made  a  series  of  experiments  on  the  proof 
strength  of  wrought-iron  girders,  and  has  found  that,  when  the  load  applied  was  one-fourth  of 
the  breaking  weight,  the  beam  withstood  596,790  successive  applications  of  it  without  per- 
ceptible alteration  ;  when  the  load  was  two-sevenths  of  the  breaking  load,  and  applied  403,210 
times,  the  beam  showed  a  slight  increase  of  permanent  set ;  when  two-fifths  of  the  breaking  load 
was  applied  the  girder  broke  after  the  5 175th  trial 

It  was  formerly  supposed  that  the  production  of  a  set  or  change  of  figure,  which  continues 
after  the  removal  of  the  load,  was  a  sign  that  the  proof  strength  had  been  exceeded ;  but  Mr. 
Hodgkinson  showed  that  this  was  not  the  case,  inasmuoh  as  any  load,  however  small,  produces  a 
■et  in  almost  all  materials.  The  strength  of  wrought-iron,  to  resist  stretching  and  tearing,  is 
greater  than  the  power  to  resist  crushing.  The  strength  is  measured  by  the  area  of  a  cross 
section  multiplied  by  the  ffietor  of  stret^th,  determined  by  experiment.  Good  wrought-iron 
will  resist  a  tension  of  22  tons  per  square  inch,  and  a  crueiiing  force  of  16  tons,  but  cast  iron 
will  not  resist  a  tension  of  more  than  74  tons,  while  the  crushing  strength  exceeds  40  tons  per 
square  inch  of  section.  According  to  Mr.  Hodgkinson's  experiments  the  resistance  of  cast  iron 
to  crushing  is  more  than  nsc  times  its  tenacity.  Homogeneous  iron  and  steel  are  twice  as 
strong  as  common  wrought-iron.  Experiments  made  at  Mr.  Kirkcaldy's  testing  works  in  1866^ 
showed  that  a  bar  of  Howell's  homogeneous  iron  required  44*6  tons  to  tear  it,  but  the  power  to 
resist  compression  was  not  proportional  to  the  tenacity. 

Among  different  specimens  of  dry  wood  of  the  same  kind,  the  densest  are  the  strongest. 
The  stretching  strength  in  the  direction  of  the  grain  is  greater  in  those  kinds  of  wood  which 
have  the  fibres  longest,  and  most  distinctly  marked.  The  tenacity  across  the  grain  is  always 
much  less  than  that  along  the  grain.  The  resistance  to  crushing  in  dry  timber  ranges  from 
one-half  to  two-thirds  of  the  tenacity,  and  is  twice  as  great  for  dry  timber  as  for  green  timber. 
The  tendency  to  cross-breaking  is  somewhat  more  than  the  tendency  to  tearing. 

STRYCHNINE.  A  vegetable  alkaloid  extracted  from  Nux  Vomica,  and  St.  Ignatius* 
beans,  ftc.  It  crystallises  in  white  prisms  which  are  permanent  in  the  air.  Its  composition  is 
CixH^NsOj.  It  has  an  intensely  bitter  taste,  and  is  extremely  poisonous.  It  is  very  slightly 
soluble  in  water.  Strychnine  is  a  powerful  base,  and  unites  with  adds  forming  well  crystaUised 
salts. 

SUBLIMATION.  A  kind  of  distillation  when  the  substance  submitted  to  heat  rises  in 
Tapour,  and  condenses  not  as  a  liquid,  but  as  a  solid,  either  crystalline  or  pulverulent.  The 
product  is  called  a  iublimatej  thus  sulphur  forms  a  sublimate  known  as  flowers  of  sulphur. 
Ferchloride  of  mercury,  iodine^  &c.,  forms  crystalline  sublimates.  The  former  of  these  is  caUed 
ooxTosive  sublimate. 

SITBMAGNET.    An  unusual  name  for  the  keeper  of  a  magnet.    (See  Aeeper.) 

SUBMARINE  TELEGRAPHY.    See  CaJble,  JSubmarine;  and  Tdegraph. 

SUBMERSION  FIGURES  OF  LIQUIDS.  Under  C<^u$ion  FigureB  of  Liqmda  wiU  be 
found  a  notice  of  the  figm-es  produced,  when  a  drop  of  a  liquid,  such  as  oil  of  lavender,  is 
gently  deposited  on  the  surface  of  a  liquid  such  as  water.  In  such  cases  the  drop  so  deposited 
must  either  be  less,  or  must  not  greatiy  exceed  in  specific  gravity,  the  surface  on  whidi  it  is 
deposited.  When  the  drops  are  much  heavier  than  the  liquid  on  which  they  are  deposited,  and 
this  liquid  has  considerable  depth,  as  when  contained  in  a  cylindrical  glass,  the  drop  sinks 
below  the  surface  and  forms  beautiful,  striking,  and  complicated  figures ;  as  when  a  drop  of 
fonsil  oil  diffuses  in  a  column  of  paraffin,  oil  of  lavender  in  spirit  of  wine,  croton  oil  in  beoiEal 
or  in  paraffin,  cochineal  in  alum  water,  benzol  in  ether,  bitter  almonds  in  benzoL  Descrip- 
tions and  drawings  of  these  and  other  figures  are  given  by  Mr.  Tomlinsoa  in  the  Phil.  Mag 
for  June  and  Norember  1864. 
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SUCCINIC  ACID.  (Suecinumt  amber.)  A  volatile  add  first  obtained  from  amber,  but 
generally  prepared  by  the  fermentation  of  malic  acid.  It  crystalUfles  in  prisma  which  are  per- 
manent in  the  air,  tolerably  soluble  in  water,  less  so  in  alcohol,  and  almost  insoluble  in  ether. 
Formula,  C4H0O4.  Melting  point,  xSo"*  C.  Boiling  point,  2^$''  C.  It  unites  with  baaesi 
forming  a  well  defined  series  of  salts. 

SUCROSE.    Another  name  for  cane  sugar.    (See  Sitffar.) 

SUCTION  PUMP.  To  raiae  water  from  a  depth,  if  not  exceeding  about  twenty-five  feet, 
the  suction  or  "house**  pump  is  often  employed.  Its  action  depends  upon  the  atmospheric 
pressure,  and  is  based  upon  the  fact  (see  Barwneter)  that  the  pressure  of  the  air  will  support  a 
column  of  water  about  33  feet  in  height.  The  suction  pump  consists  of  a  cylinder  open  at  the 
top  into  which  a  piston  fits,  provided  with  a  valve  opening  upwards.  The  bottom  of  the 
cvlinder  is  pierced  by  a  tube  which  reaches  down  to  the  water  which  has  to  be  raised.  Where 
iiua  tube  enters  the  cylinder,  there  is  a  valve  opening  upwards.  The  piston  is  worked  up  and 
down  by  any  convenient  lever  handle.  To  start  the  pump  it  is  necessary  that  the  valves  should 
be  nearly  perfectly  air-tight,  so  that,  after  a  pump  has  been  out  of  use  for  some  time,  it  is 
necessary  that  the  valves,  which  are  usually  made  of  leather,  should  be  wetted.  When  now  the 
piston  is  raised,  the  elasticity  of  the  air  in  the  cylinder  and  tube  beneath  is  diminished ;  conse- 
quently the  air,  pressing  upon  the  water  in  the  well,  will  force  the  latter  up  the  tube.  Where 
the  piston  descends  the  lower  valve  closes  by  its  weighty  and  the  air  between  it  and  the  piston 
is  forced  through  the  valve  of  the  latter.  This  goes  on  until,  by  successive  strokes,  the  water 
is  brought  into  the  cylinder.  Then,  when  the  piston  descends,  the  water  in  the  cylinder  closes 
the  lower  valve,  and  is  forced  through  the  piston's  valve,  and  consequently  lifted  when  the 
piston  is  lifted.  It  escapes  through  an  opening  in  the  top  of  the  cylinder,  or  of  a  pipe  in  con- 
tinuation thereof.  If  the  valves,  &c.,  were  perfect,  it  would  be  possible  to  raise  water  by 
means  of  the  suction  pump  to  the  height  of  the  water  barometrical  column  (say  33  feet),  tX 
which  height  the  weight  of  the  water  would  keep  the  atmospheric  pressure  in  equilibrium* 
Practically  such  pumps  are  useless  for  depths  exceeding  20  to  25  feet. 

SUGAR.  This  term  io  applied  to  several  carbohydrates  of  vegetable  origin  which  have 
many  properties  in  common.  They  are  soluble  in  water,  in  general  crystallisable,  have  a  sweet 
taste,  are  neutral  to  test-paper,  and  their  solutions  rotate  the  plane  of  polarisation  of  a  ray  o£ 
light.  (See  Saecluirometer.)  The  substance  to  which  this  name  is  generally  applied  is  eane- 
9ugar  or  sucrose  (CuH^Ou),  extracted  from  cane-juice,  beet-juice,  &c.  It  rotates  the  plane  of 
polarisation  to  the  right.  Amongst  other  sugars  are  dextrose  or  grapt-tugar  (Ci,Hi|Os) ;  tem»- 
lo9e,  which  is  one  of  the  constituents  of  fruit-sugar  or  inverted  sugar.  Under  the  influence  of  dilute 
acids,  or  long  boiling  with  water,  cane-sugar  is  converted  into  what  is  called  inverted  sugar,  a 
mixture  of  dextrose  and  Icevulose.  It  is  cidled  inverted,  because  the  left-handed  rotation  of  tiie 
Icevulose  is  greater  than  the  right-handed  rotation  of  the  dextrose.  Under  the  influence  of 
ferments  sugar  is  converted  into  alcohol  and  carbonic  add.  Sufliar  formB  several  crystalUiie 
oompounds  with  lime. 

SUGAR  OF  LEAD.    See  AceUOet,  AcdaU  qfLead, 

SULAPHAT.     (Arabic.)    The  star  7  of  the  constellation  Lyra. 

SULPHATES.  Combinations  of  sulphuric  add  and  bases  are  called  aulphaitet.  The  most 
important  are  the  following : — 

Sti^>haU  of  Aluminium  {Al^O^^O^,  This  is  prepared  in  an  Impura  state  on  the  large  scale, 
and  sold  as  concentrated  alum,  it  forms  a  crystalline  solid  mass,  which  has  a  taste  somewhat 
resembling  alum,  and  is  readily  soluble  in  water.  It  fonns  double  salts  with  other  sulphates, 
which  are  known  under  the  general  name  of  alums.  Of  these  the  potassio-aluminic  sulphate, 
or  potash  alum,  and  the  ammonio-aluminio  sulphate,  or  ammonia  alum,  are  ol  importance.  (See 
Alum.) 

StUJahate  of  Barium  (BaSOJ  oocmn  native  as  the  mineral  A«ivy  tpar,  Bometimes  crystalline, 
sometimes  massive.  It  is  prepared  artificially  by  adding  a  soluble  sulphate  to  a  soluble  barium 
salt.  It  is  a  heavy,  white,  amorphous  powder,  insoluble  in  water  and  adds.  Specific  gravity, 
4*5.    It  is  used  as  a  pigment. 

SulphaU  of  Calcium  (CaS04  anhydrons,  and  CaS04.2H,0  hydrated.)  The  anhydrous  salt 
occurs  native  as  anhydriU,  and  is  largely  used  In  commerce  under  the  name  of  ffyptum,  or 
Plotter  of  Paris.  It  is  a  white  powder  almost  insoluble  in  water.  When  mixed  with  a  small 
quantity  of  water,  so  as  to  form  a  thin  paste,  it  gradnaUy  thickens,  and,  in  the  course  of  a  few 
minutes,  solidifies  to  a  hard  mass  of  hydrated  sulphate  by  absorption  of  water.  Owinff  to  this 
property  it  is  of  great  use  in  taking  casts  and  moulds  of  objects.  The  hydrated  su4>hate  of 
oaldnm  is  met  irith  in  nature  under  the  name  of  idmiU  and  alabaaUr, 

SulphaUt  of  Chromium,  lliese  are  unimportant  by  themselves,  but  they  form  double  salts 
wiUi  other  sulphates,  wbicb  ace  known  under  the  nime  of  chnmt  ilum,    (See  Almik) 
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Sulphate  of  Copper  (CnS04.5H,0),  called  also  blue  vitriol  and  copper  yitrioL  Tbm  is  of  a 
beautiful  blue  colour.  It  crystalliseB  in  large  oblique  priBms,  which  effloresce  slightlT  in  the 
air.  When  heated  to  200"  C.  (392^  F.),  the  water  of  crystalluation  is  driven  off,  and  tne  white 
anhydrous  sulphate  is  left.  This  has  a  very  powerf al  affinity  for  water,  a  trace  of  moistnre  re- 
storing the  blue  colour.  On  this  account  it  is  sometimes  used  for  detecting  the  presence  of 
water  in  alcohol  and  other  liquids,  or  for  dehydrating  them.  Sulphate  of  copper  dissolves  resMdily 
in  water,  but  is  insoluble  in  alcohol  and  ether.  It  is  largely  used  in  commerce.  It  unites  with, 
ammonia,  fonning  a  compound  CuSO4.4NH3.HjO,  whi<£  is  precipitated  in  crystals,  when  al- 
cohol is  added  to  the  rich  blue  solution  formed  when  ammonia  in  ezoeas  is  added  to  sulphate  of 
copper. 

Sulphate  cf  Iron,  known  also  as  grem  vitriol  or  eoppera*  (FeBO^.f^Q),  oocun  in  wdl- 
defin«l  prismatic  crystals,  of  a  pale-green  colour,  readily  soluble  in  water.  Both  the  crystals 
and  solution  gradually  absorb  oxygen  from  the  air,  with  formation  of  a  reddish-yellow  base 
sulphate.  It  is  laiffely  used  in  dyeing,  in  the  manufacture  of  ink,  Prussian  blue,  &o.,  and, 
owinff  to  its  ready  absorption  of  oxygen,  it  is  employed  in  the  laboratory  as  a  reducing  agent. 

Smphate  of  Lead  (PbSOJ.  This  is  met  with  in  nature  as  the  mineral  An^esUe.  It  is  pre- 
pared artificially  by  adding  a  soluble  sulphate  to  a  soluble  lead  salt.  It  is  a  heavy  white 
powder,  insoluble  in  water,  but  slightly  so  in  dilute  adds. 

Sulphate  of  Moffnesium  or  Bptom  Sous  (MgS04.7H,0),  occurs  native  as  the  mineral  EpBomUe, 
It  crystalliBes  in  four^sided  needle-shaped  prisms,  which  are  permanent  in  the  air,  and  are  very 
soluble  in  water,  but  difficultly  so  in  alcohoL    Their  taste  is  bitter  and  nauseous. 

SulphaU  of  Manganae  (MnS04)  ^orms  very  small  crystals,  of  a  faint  red  tinge,  very  aolnble  in 
water. 

Sulphates  of  Mercury y  Mercuric  Sulphate  (HgS04)  ^oims  ooloDrless  prismatic  crystab,  wliich 
are  decomposed  by  water  into  an  add  and  a  basic  salt.  The  basic  salt  is  a  lemon-yellow  powder 
slightly  soluble  in  water.  It  was  formerly  called  turbith  mineral.  Its  formula  is  3HgO.SO^ 
The  mereurous  sulphate  {Rg^O^^  a  white  crystall^ie  powder,  very  slightly  soluble  in  water. 

Sulphate  of  Ntckd  (NiS04.CH|0)  crystallises  in  emerald-green  octahedra,  which  dissolve 
readily  in  water,  and  effloresce  to  a  white  powder  in  the  air. 

Sulphate  of  Ccibalt  (C0SO4.7H1O)  forms  x«d  prismatic  crystals,  which  ate  tolerably  soluble  in 
water,  and  effloresce  in  the  air,  forming  a  rose-coloured  powder. 

Sulphates  of  Potassium,  The  neutral  sulphate  (K1SO4)  dystalliBes  in  four-sided,  colourlessi, 
hard  prisms,  slightly  soluble  in  water.  When  heated,  they  decrepitate  violently,  and,  at  a  full 
red  heat,  melt. 

Bisulphate  of  Potassium  (KHSOJ  crystalliBes  from  its  solution  in  octahedra^  which  tnelt  at 
igy""  C.  (387*  F.),  solidifying  to  a  white  crystalline  mass.  It  is  very  soluble  in  water,  but  is 
decomposed  by  a  large  quantity. 

Sulphate  of  Sodium  (Na^SOj,  or  Glauber's  salt,  is  prepared  in  enormous  quantities  in  the 
manufacture  of  carbonate  of  soda,  and  in  other  chemical  manufactures.  In  the  crystalline  state 
it  forms  large  colourless  prisms,  which  contain  ten  atoms  of  water.  It  has  a  bitter  cooling  taste, 
and  dissolves  readily  in  water.  Its  solutions  exhibit  in  a  high  degree  the  phenomena  of  super- 
saturation.  The  crystals  effloresce  in  the  air,  and  below  the  boiling-point  of  water  become  an- 
hydrous. 

Sulphate  of  Strontium  (SrS04).  This  is  met  with  native  as  the  mineral  codestin.  It  is  pre- 
pared artifidally  by  adding  any  soluble  sulphate  to  a  soluble  strontium  salt.  It  is  a  heavy 
white  powder,  almost  insoluble  in  water,  but  suffidently  so  to  form  a  predpitate  when  its  solu- 
tion is  added  to  a  barium  salt. 

Sulphate  of  Zinc  (ZnS04.7H,0),  known  also  as  white  vitriol^  or  zinc  vitriol,  crystallises  ii 
right  rhombic  prisms,  whicn  are  easily  soluble  in  water.    It  is  used  in  medicine,  and  also  in 
certain  manufactures. 

SXJLPH-INBIGOTIC  ACID.  Indigo  dissolves  in  fuming  sulphuric  add,  forming  a  conjiz- 
gate  Bulpho-add  of  the  formula  O8H.NO.SO3,  which  is  soluble  in  water  and  capable  of  forming 
salts,  which  are,  however,  not  very  definite  or  crystallisable.  The  add  is  used  in  the  laboratory 
as  a  reagent  and  the  potassium  salt  is  used  in  dyeing  ;  it  is  a  ooppercoloured  deliquescent  mass 
soluble  in  water,  and  forming  an  intensely  blue  solution. 

SULPHITES.  Combinations  of  sulphurous  add  with  bases  are  called  sulphites.  The 
following  are  the  most  important. 

SulpkUe  of  Ammonium  ((NH4)|S0s.H|0)  is  a  white  cxystalline  salt  having  an  alkaline 
reaction. 

Sulphite  of  Calcium  (CaS0,.2H,0),  dystallises  in  six-sided  prisms,  and  is  difllcultly  soluble  in 
water.    It  is  sometimes  used  as  an  antiseptic. 

SulpihiUs  of  Potassium,    The  neutral  salt  {^^OyZBfi)  is  a  deliquescent  crystalline  salt. 
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The  add  salphite  (E,S03.S0})  forms  hard  graaolar  crystab  which  are  soluble  in  water  and 
are  permanent  in  the  air.  Tms  salt  is  of  frequent  use  in  laboratories  as  a  reducing  agent,  and 
as  a  convenient  source  of  sulphurous  add,  which  is  eydved  from  it  in  the  gaseous  state  on  the 
addition  of  a  mineral  add. 

STJIiPHO-ACIDS.  When  strong  sulphuric  add  is  added  to  many  erganio  compounds^  it 
unites  with  them,  forming  conjugate  adds,  which  are  known  genendly  as  sulpho-adds,  and 
specially  by  the  name  of  we  compound  with  the  prefix  sulpho ;  thus  we  have  sulpho-benzollo 
add,  Bulpho-sucdnic  add,  &c. 

SULPHO-GTANIDES.  Compounds  of  sulpho-cyanic  add  (CNHS)  with  bases,  or  snlpho- 
cyanogen  (CNS)  with  metals,  are  called  sulpho^jyanides.  The  only  ones  of  hnportance  are  the 
following : — 

SvlpM^amde  of  Potauium  (KCNS)  crystallises  in  long  needle-shaped  prisms,  whidi  are 
deliquescent,  easily  fusible,  and  very  soluble  in  water  and  alcohol. 

StUph4>-^anid€  of  Ammonium  ((NHJCNS),  crystallises  in  large  colourless  plates  which  are 
very  soluble  in  water.  When  this  salt  in  the  powdered  state  is  suddenly  stirred  up  with  its 
own  weight  of  hot  water,  so  great  a  reduction  of  temperature  takes  place  that  the  solution  is 
lowered  to  the  freezing  point.  These  two  salts  have  been  proposed  for  use  in  photography  owing 
to  their  property  of  dusolving  chloride  of  silver. 

Stdpho-ayanide  of  Iron,  When  a  sulpho-cyanide  ii  added  to  a  persalt  of  iron  an  intense 
blood-red  solution  ui  formed  This  is  a  very  delicate  test  for  iron,  and  is  of  frequent  employ- 
ment in  the  laboratory.    It  is  scarcely  known  in  the  solid  state. 

SULPHUR.  A  non-metallic  element  known  to  the  andents.  When  pure  it  is  a  brittle 
lemon-yellow  solid.  Specific  gravity  2*05.  Atomic  weight  32.  Symbol  S.  It  melts  at 
120"*  G  (248''  F. )  forming  a  pale  yellow  liquid,  and  at  440**  G.,  it  boils ;  between  these  tempera- 
tures it  gets  dark  and  visdd,  until  at  about  22o'*C  (428**  F)  it  has  the  consistency  of  tiiick 
treade  ;  above  this  temperature  it  gets  thinner  again.  It  assumes  many  allotropic  conditions,  of 
which  tile  most  remarluible  are  the  following : — 

Common  Stdphur  cnrstallises  readily  in  octahedrons,  and  dissolves  easily  in  disulphide  of  carbon. 

PrigmaUe  Sulphur  is  of  a  yeUowish  brown  colour.  Specific  gravity  I  '98.  It  dissolves  readily 
in  disulphide  of  carbon. 

Amoi^phous  Soluble  Sulphur  is  the  form  in  which  sulphur  is  predpitated  from  its  solutions  by 
adds  or  by  the  sudden  condensation  of  its  vapour.  It  in  readily  converted  into  the  normal 
octahedral  variety. 

Amorphoua  InioluhU  Sulphur  is  a  soft  msgma,  obtained  when  disulphide  of  chlorine  is  decom- 
posed with  water ;  it  ib  insoluble  in  disulphide  of  carbon. 

PUuUe  IntdubU  Sulphur  is  obtained  by  heating  melted  sulphur  to  a  temperature  of  about 
270"  C.  (5 18°  F.),  and  then  pouring  it  into  cold  water.  In  this  state  it  is  a  soft,  yellowish-brown 
elastic  mass  which  can  be  kneaded  between  the  fingen  and  moulded  into  any  form ;  it  gradually 
becomes  converted  into  ordinary  sulphur  on  standing. 

The  oxygen  compounds  of  sulphur  are  numerous.  The  most  important  of  these  are  the 
following: — 

Oxidet  of  Sulphur,  Sulphur  unites  with  oxygen  in  many  proportions  f  ormhig  adds ;  of  these 
we  need  only  mention  the  following  :-^ 

8}dphurou9  Acid,  sulphurous  oxide,  or  dioxide  of  sulphur  (SO.),  is  formed  when  sulphur  Is 
burnt  in  the  air  or  in  oxygen  gas.  It  is  a  colourless  heavy  gas  of  a  peculiar  suffocating  odour, 
more  than  twice  as  heavy  as  atmospheric  air,  and  very  soluble  in  water.  When  cooled  in  * 
powerful  freeing  mixture  or  condensed  under  a  pressure  of  tiiree  atmospheres,  sulphurous 
add  liquefies  to  a  colourless  mobile  liquid  of  specific  gravity  I  '±$ ;  under  the  ordinary  atmosphcorio 
pressure  tins  boils  at  -io''C.<l4''F.)  When  cooled  to  -79  0.,  it  solidifies  to  a  white  crystal- 
line mass.  Sulphurous  add  has  a  considerable  tendency  to  absorb  oxygen,  forming  sulfuric 
acid.  It  Is  largdy  used  as  a  bleaching  agent  and  as  a  disinfectant.  Sul{^urous  add  unites 
with  bases,  forming  a  well-defined  series  of  salts  whidi  are  known  as  sulphites,  which  see. 

Sulphuric  Add.  Anhydrous  sulphuric  add  (SO,)  or,  as  It^ii  sometimes  called,  sulphuric 
anhydride,  forms  beautiful  white  needles  like  asbestos.  Its  affinity  for  water  is  veiy  great,  and 
when  dropped  into  it  it  hisses  like  a  red-hot  Iron.  Its  combination  with  water  is  called  Sulphurio 
Acid  or  Oil  of  Vitriol  (SO,.H.O),  which  is  an  dly  colourless  liquid,  boiling  at  327''  O.  (620*5*  F.), 
possessing  a  specific  gravity  of  1*84 ;  it  has  a  very  powerful  affinity  for  water,  and  when  exposed' 
to  the  air  absorbs  moisture  rapidly.  On  this  account  It  is  of  great  value  in  the  labosatoiy  as  a 
desiooating  agent  for  gases.  When  mixed  suddenly  with  water,  the  temperature  riMS  greatiy, 
sometimes  as  mudi  as  loo'C.  Its  affinitv  for  water  Is  so  great  that  it  takes  It  from  organio 
substances,  such  as  wood,  sugar,  Ac.,  In  wtddi  it  Is  supposed  not  to  exist  readv  formed  but  only 
in  its  elements.    Umkr  the  powerful  Influsnoa  of  the  add  these  unite  and  are  withdrawn. 
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liberating  the  carbon.  A  drop  of  strong  sulphuric  add  loft  for  a  few  minutes  on  almost  say 
organic  compound  carbonises  it,  leaving-a  charred  stain.  Oil  of  vitriol  dissolves  the  anhjdroDi 
aoid,  forming  what  is  known  as  fuming  sulphuric  add.  On  the  large  scale  snlphoric  add'ii  yn- 
pared  in  enormous  quantities  by  a  process  somewhat  as  follows.  Sulphur  or  iron  pyrites  (nd- 
phide  of  iron)  is  burnt  in  properly  constructed  furnaces,  and  the  resulting  sulphnroos  sdd 
together  with  nitrogen  and  excess  of  air  are  carried  into  a  large  chamber  made  of  lead,  haringa 
capadty  of  sometimes  100,000  cubic  feet.  On  its  passage  there,  the  sulphnrona  acid  takes 
np  nitric  peroxide  (NOf )  and  inside  the  lead  chamber  steam  is  admitted.  A  reaction  here  takes 
pukoe  between  the  sulphurous  add  and  the  nitric  peroxide  by  which  the  latter  is  re- 
duced to  nitric  oxide  (NO),  and  the  sulphurous  add  is  oxidised  to  sulphuric  acid  and 
unites  with  the  aqueous  vapour.  The  reaction  may  be  expressed  by  the  following  eqiia> 
tion,  NO,  +  SO,  +  H,0  =  H^04  +  NO.  As  soon  as  the  nitric  oxide  is  formed  it 
absorbs  oxygen  from  the  air  which  !§  present,  and  becomes  again  converted  into  nitric  peroxide, 
which  immwiiately  passes  the  additional  atom  of  oxygen  to  another  portion  of  sulphiut>aB  acid, 
and  so  on,  a  small  portion  of  nitric  peroxide  thus  oxi£sing  an  indefinite  quantity  of  sulphnrons 
add,  as  it  acts  merely  as  a  carrier  of  oxygen.  The  liquid  which  condenses  on  the  floor  of  the 
lead  chamber  is  then  drawn  off,  and  concentrated  by  evaporation  until  it  attains  the  specific 
gravity  of  x*7  ;  this  is  then  transferred  to  glass  or  platinum  retorts  and  boiled  down  until  it 
attains  the  spedfic  gravity  of  x  '84,  when  it  becomes  what  is  known  in  commerce  as  oil  of  vitriol. 
Sulphuric  add  is  the  strongest  known  add  at  ordinary  temperatures,  and  it  unites  with  all 
bases  forming  salts  which  are  called  sulphates.  When  added  to  salts  of  other  adds  it  displaces 
them,  taking  possession  of  the  base,  except  in  the  case  of  some  perfectly  insoluble  compounds,  sudi 
as  certain  siBcatesi  At  a  high  temperature,  however,  some  other  acids,  such  as  silicic  and  boracse 
adds,  appear  stronger  than  sulphuric,  as,  owing  to  their  diminished  volatility,  they  remain  fixed 
at  temperatures  at  which  sulphuric  acid  cannot  exist  nnoombined.  For  a  description  of  the  most 
Important  compounds  of  this  add,  see  SulpluUet, 

There  are  several  other  sulphur  adds,  which  are,  however,  unimportant.  Their  names  and 
formulae  are  Aypo-suZpAiirotcs  acu2,  H^SgO^  also  called  thio-sulphuric,  or  dithionous,  or  sulphuretted 
■olphurous  acid.  Dithionic  or  kypo-nd^uric  acid  H^Og.  Triihionic  or  ndfkuretted  kypo-mU 
phurie  acid,  B^O^.  Tetrathionio  acid,  H,S.O.;  and  Pentathionic  add  H,S,Of.  These  all 
form  salts,  only  one  of  which  {ffypofulpkite  of  Sodiuni,  which  see),  is  of  any  importance. 

Sidphides,  combinations  of  sulphur  with  other  dements,  espedally  the  metaJs,  are  called  sol- 
phides.  Those  of  special  importance  are  described  under  the  different  metals.  Some  metalHo 
sulphides  appear  to  act  as  adds,  whilst  others  act  as  bases,  and  these  can  unite  with  each  other, 
forming  definite  and  sometimes  well  crystallised  compoimds,  which  are  called  sulphur  adds. 
These  are  analogous  to  the  oxygen  salts,  the  sulphur  merely  replacing  oxygen. 

Sulphur  unites  with  chlorine  in  several  proportions,  the  dmdpkide  of  Chlorine  (01,89)  sometimes 
called  protochloride  of  sulphur,  is  the  most  important.  It  is  formed  when  chlorine  gas  is  pmiwind 
over  sulphur  and  the  product  rectified.  When  pure  it  is  a  reddish  yellow  liquid,  fuming  strongly 
in  the  air  and  having  a  disagreeable  penetrating  odour;  it  boils  at  136**  C.  (277*  F.) ;  its  specific 
gravity  is  X'68.     This  compound  is  largely  used  in  the  manufacture  of  vulcanized  india-rubber. 

SULPHUB^  ACTION  OF  LIGHT  ON.  According  to  M.  LaUemand,  sulphur  b  con- 
verted into  an  amorphous  variety  by  the  direct  action  of  sunlight,  inasmuch  as  sulphur,  pre> 
viously  soluble  in  sulphide  of  carbon  and  crystallisable,  is  converted  into  an  amorphous  modifi- 
cation, insoluble  in  sulphide  of  carbon.  A  oonoentiated  solution  of  stdphur  in  sulphide  of 
carbon  is  placed  in  a  sealed  tube,  and  the  tube  is  exposed  for  some  time  to  the  action  of  the 
sun's  rays,  concentrated  by  a  lens ;  this  causes  a  copious  predpitation  of  sulphur  as  an 
amorphous  insoluble  powder. 

SULPHURIC  ACID.     See  Svlphur, 

SULPHUROUS  ACID.    See  Sulphur. 

SULPHUR,  SPECTRUM  OF.  In  a  Geissler's  tube,  sulphur,  when  warmed  and  rendered 
Incandescent  by  the  passage  of  an  induction  cuxrent,  gives  rise  to  a  spectrum  of  bright  bands  of 
PltLcker's  fint  ord^r;  when  stronglv  heated  the  bright  bands  give  place  to  bright  lines,  the 
gpeotmm  changing  to  one  of  PlUcker  s  ucond  order, 

SUMMER.    See  Seatons, 

BUMMER  CLIMATES.    See  Itotherals;  Itothermal;  CUnuOt,  fta 

SUN.  (Derivation  uncertain.)  The  central  and  controlling  orb  of  the  planetaiy  system, 
the  source  of  light  and  heat  to  this  earth  and  all  the  other  glob^  which  form  that  system. 

The  sun  has  a  diameter  of  852,900  miles.  He  is  dther  perfectly  spherical  in  shape,  or  so 
nearly  so  that  no  instruments  we  can  use  could  exhibit  any  difference  which  may  exist  be- 
tween his  polar  and  equatorial  diameters.  The  opinion  of  astronomers  on  this  point  is  not 
loimded  on  the  mere  measuremeiit  of  the  solar  disc^  bat  on  a  oomparison  of  all  the  obsenra- 
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tioDB  made  upon  the  sun  at  Greenwich  and  other  leading  observatories  ;  insomuch  that,  as  was 
vreH  remarked  by  the  Astronomer  Royal,  any  measurements  exhibiting  a  difference  between  the 
son's  polar  and  equatorial  diameters  would  simply  establish  their  own  inexactness.  The  volume 
of  the  sun  exceeds  that  of  the  earth  no  less  than  1,252,691  times.  His  mean  density  is  ahnoet 
exactly  one-fourth  of  the  earth's  ;  so  that  his  mass  exceeds  tiie  earth's  315,000  times.  He  out- 
'weighs  all  the  planets  together  about  750  times.  Gravity  at  his  surface  exceeds  gravity  at  the 
earth's  27*1  times ;  so  that  a  terrestrial  pound  would  weigh  nearly  a  quarter  of  a  hundred- 
"weight  if  removed  to  the  sun's  surface,  and  bodies  let  fall  from  a  height  of  436  feet  would  reach 
the  sun's  surface  in  one  second,  and  have  acquired  in  that  time  a  velocity  of  872  feet  per 
second — that  is,  of  about  ten  miles  per  minute. 

The  sun  rotates  upon  an  axis  inclined  7*  20'  to  the  plane  of  the  ecliptic,  but  considerably  less 
to  the  mean  plane  of  the  planetary  motions.  Owing  to  the  inclined  position  of  his  axis,  his 
equator  is  sometimes  presented  to  the  earth  as  a  straight  line,  at  others  somewhat  bowed  north* 
"Wards  or  southwards.  The  curvature  is  very  small,  even  at  its  maTiTnuni.  On  about  the  oth 
of  December  and  the  7th  of  June  the  sun's  equator  is  seen  as  a  straight  line  inclined  7"  20  to 
the  ecliptic,  the  eastern  extremity  being  north  of  the  ecliptic  at  the  former  date,  and  south  of 
the  ecliptic  at  the  latter.  On  or  about  Septembte  nth,  the  solar  equator  exhibits  its  greatest 
curvature,  its  convexity  being  southwards,  and  the  general  direction  of  the  solar  equator  coin« 
ciding  at  this  time  with  the  ecliptic.  A  similar  appearaDce  is  presented  on  or  about  March  10^ 
but  ti^e  convexity  is  now  turned  northwards. 

The  rotation  of  the  sun,  as  determined  by  the  motion  of  the  solar  spots,  would  appear  to  vary 
according  to  the  solar  latitude,  though,  of  course,  in  reality  there  can  be  but  one  rotation 
p^iod,  and  the  differences  actually  observed  are  due  to  the  proper  motion  of  the  solar  spots. 
We  owe  to  the  labours  of  Carrington  the  discovery  of  this  interesting  relation.  He  assigns  the 
following  formula  for  the  movement  of  a  spot  in  24h,  of  mean  solar  time  in  solar  latitude  I : — 

865'- 165' sin.  *2 

Thus  the  time  of  a  complete  revolution  of  a  point  on  the  sun's  equator,  as  viewed  from  the 
earth,  would  be  slmost  exactly  25  days ;  but,  considered  with  reference  to  the  celestial  sphere, 
»  complete  revolution  of  such  a  point  taJces  place  in  about  24*2  days.  Sir  John  HerB<diel  adds 
to  this  that  the  complete  revolution  of  a  spot  in  solar  latitude  15"  takes  place  in  25*44d.,  and 
that  of  a  spot  in  latitude  30^  takes  place  in  26*24d.  These  variations  serve  to  account  for  the 
discrepancies  in  the  observations  made  by  Scheiner,  Bianchi,  Laugier,  Delambre,  and  others. 

The  Solar  SpoU.  Soon  after  the  invention  of  the  telescope  it  was  discovered,  independentiy, 
^  Galileo,  Fabricius,  and  Fr.  Scheiner,  that  the  disc  of  the  sun  is  marked  by  spots  or  macuUg^ 
TheBB  objects  were  explained  in  different  ways  by  the  astronomers  of  those  days.  Some  sup- 
posed that  thev  are  planets  of  great  size  travellmg  close  to  the  sun,  and  a  name  was  actual^ 
ffiven  to  these  imaginary  bodies  ;  they  were  called  the  Borbonian  stars,  in  honour  of  the  royal 
family  of  France.  GaUleo,  and  afterwards  Hevelius,  suggested  that  the  spots  may  be  due  to 
the  presence  of  scum,  or  icoricBf  upon  the  surface  of  solar  seas.  La  Hire  thought  tliat  tiiere  are 
dark  bodies  beneath  the  solar  oceans,  end  that,  when  these  are  carried  near  the  surface,  we  see 
them  through  the  semi-transparent  liquid.  We  owe  to  Dr.  Wilson,  of  Glasgow,  the  recognition 
of  certain  peculiarities  of  appearance  presented  by  some  at  least  of  the  solar  spots,  which  would 
seem  to  indicate  that  they  are  cavities  or  depressions  beneath  the  general  level  of  the  sun's 
surface.  He  noticed  that  a  large  spot^  which  was  visible  during  tlw  latter  part  of  the  year 
1769,  changed  in  appearance  as  it  approached  the  edge  of  the  soltf  disc  in  a  manner  which  was 
not  consistent  with  the  view  that  the  spot  was  a  mere  surface  stain.  The  duskv  penumbra 
which  surrounded  the  dark  umbra  of  the  spot  should  have  been  narrower  on  the  side  towards 
the  edge  of  the  disc,  but»  instead  of  this,  ^t  part  of  the  penumbra  was  markedly  the  wider. 
It  appeared  to  Wilson  that  this  peculiarity  was  best  explained  by  the  theory  that  a  spot  is  a 
cavity  with  shelving  sides  and  a  level  bottom ;  and  that^  when  a  spot  approaches  tibe  edge  of 
the  solar  disc,  the  Ime  of  sight  directed  towards  the  further  side  of  the  spot  meets  the  sloping 
side  of  the  cavity  more  scrumly,  so  that  that  side  i^pears  widest.  These  views  were  confirmed 
by  the  researches  of  Sir  William  Hersohel  in  1777.  Observing  the  same  general  appearances 
which  had  been  noticed  bv  Dr.  Wilson,  he  was  led  to  explain  them  by  a  theory  according  to 
which  the  material  in  which  a  spot-cavity  is  formed  is  neitner  gaseous  nor  liquid.  He  argued 
that  the  long  continuance  of  the  spots,  and  still  more  the  relative  permanence  of  the  faculous 
ridges  aroimd  a  large  spot,  show  that  tiie  matter  in  which  these  peculiarities  present  themselves 
has  not  the  mobihty  which  we  associate  with  gaseous  and  liquid  substances.  He  therefore 
suggested  that  the  sun  is  surrounded  by  two  strata  of  clouds,  suspended  in  a  transparent  atmoe* 
phere  at  different  eleyations.    The  upper  stratum  be  supposed  to  be  leU-luminous,  and  to  be 
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tbe  trae  loiiroe  of  the  solar  light  (or  the  photoaphere,  to  nse  the  oonTenient  term  adopted  hy 
Sdiroter).  The  lower  stratum  he  regarded  as  opaque,  and  only  rendered  InminoaB  bj  tiie  light 
which  falls  upon  it  from  the  upper  stratum.  When  an  aperture  is  formed  in  the  outer  stntnm 
we  see  merely  a  pennmbral  spot,  becaase  the  lower  stratum  is  revealed,  and  this  tiiraUim, 
though  less  luminous  than  the  outer,  is  yet  capable  of  reflecting  a  huge  amount  of  li^t.  When 
an  opening  is  f onned  through  both  layers,  the  upper  stratum  being  removed  over  a  larger  axes, 
we  see  a  penumbral  fringe,  formed  by  the  lower  stratum,  and  through  the  smaller  qpemng  in 
this  stratum  we  see  the  daf  k  body  of  the  sun.  Where  the  opening  hi  the  upper  atratmn  is  no 
laiger  or  less  than  the  opening  in  the  lower,  the  spot  will  exhlMt  no  penumbra^  bat  be  usi- 
f oimly  dark  all  over  its  extent. 

The  progress  of  recent  researches  by  no  means  favours  the  suppodtion  that  the  body  of  the 
sun  is  dark,  as  Sir  W.  Herschel  supposed.  On  the  contraiy,  it  seems  oertain  that  througlKNit 
the  whole  globe  of  the  sun  the  most  intense  heat  prevails,  and  that  even  though  portioiiB  of  thst 
globe  mav  be  solid  or  liquid,  they  owe  the  existence  of  those  conditions,  not  to  rehtiTs 
lowness  of  temperature  but  to  the  enormous  pressure  to  which  those  portions  are  subjected. 

Among  the  moro  modem  views  respecting  the  nature  of  the  solar  spots,  those  whidi  have 
been  expressed  by  M.  Faye  on  the  one  part,  and  by  the  astronomen  of  the  Kew  Obeervatoiy  csi 
the  other,  deserve  special  mention,  as  indicating  the  direction  in  which  modem  scienoe  is  looka^ 
for  an  explanation  of  these  perplexing  lypearanoes. 

According  to  M.  Faye  the  sun's  interior  is  gaseous,  intensely  hot,  but  of  low  xadiatipg 
power  ;  while  the  photosphere  is  at  a  lower  temperature,  but  possesses  a  high  mdiating  pcmet. 
Thus,  if  the  outer  photosphere  be  thrust  aside  by  an  np-rudi  of  vapour,  we  see  a  dark  ipol^ 
because  the  light  received  from  the  interior  is  relatively  small.  According  to  MesBiv.  De  La 
Rue,  Stewart,  and  Loewy,  the  appearance  of  a  spot  is  due  to  a  diminution  of  temperature  caosed 
by  a  down-rush  of  cooling  vapour. 

Between  these  two  theories  it  seems  not  difficult  to  decide,  though  doubts  will  still  remain 
whether  either  one  or  the  other  supplies  the  true  interpretation  of  spot  phenomena^  M.  Faye*B 
theory  seeoLB  oompletelv  disposed  of  by  Balfour  Stewart's  theory  of  exchanges,  according  to 
which  it  should  f oUow  tnat  wero  the  interior  of  the  sun  really  constituted  as  l£  Faye  supposei^ 
we  ought  still  to  receive  as  much  light  whero  the  photosphero  is  broken  open,  since  the  photo- 
sphere on  the  farther  side  of  the  sun  would  send  us  its  light,  and  whatever  proportion  of  light 
the  gaseous  interior  was  capable  of  absorbing  it  would  in  turn  supply. 

But  there  can  be  no  doubt  that  the  problem  is  one  peculiarly  susceptible  of  treatment  by 
spectroscopic  analysis.  In  iS66,  Mr.  Lockyer  made  some  observations  which  seem  to  bear 
most  importantly  on  the  subject.  He  found  that  the  absorption-bands  belonging  to  the  solar 
spectrum  wero  not  onlv  visible  in  the  spectrum  belonging  to  the  light  from  a  sun-spot,  but  were 
apparently  increased  in  thickness.  These  observations  have  since  been  confinned  by  Mr. 
Huggins.  It  would  seem  to  follow,  as  a  legitimate  conclusion  from  them,  that  the  spots  are 
really  caused  in  some  such  way  as  Messrs.  De  La  Rue  and  Stewart  have  suggested  as  the  best 
intei^nretation  of  their  long  series  of  solar  observations.  Hie  whole  subject  rtill  remains  foil  of 
perplexity,  however ;  though  it  may  well  be  hoped  that  the  researches  of  the  next  few  years 
will  serve  to  throw  much  %ht  upon  the  problem. 

A  few  words  may  be  added  respecting  the  general  appearance  and  changes  of  appearance  of 
the  solar  spots.  The  observation  made  by  Dr.  Wilson,  tiiough  doubtless  true  of  the  particular 
■pot  he  watched,  and  also  confirmed  by  observations  made  in  modem  times,  yet  is  not  to  be 
regarded  as  indicating  a  peculiarity  always  observable.  On  the  contrary,  several  eminent  solar 
observers,  and  amongst  others  the  Rev.  Mr.  Howlett,  (whose  persistent  observation  of  sun- 
spots  merits  all  praise),  have  noticed  that  many  sun-spots  approach  the  edge  of  the  solar  dise 
without  exhibiting  any  of  those  characteiistios  which  led  Dr.  Wilson  to  regard  sun-spots  as  cavi- 
ties with  shelving  sides. 

Some  spots  have  been  observed  to  change  very  rapidly  in  f  om,  in  particular,  shortly  before 
disappearing.  But  large  spots  have  remained  visible  for  a  considerable  time.  In  1779  a  spot 
remained  visible  for  hidf  a  year.  Schwabe  has  even  seen  a  group  of  spots  pass  eighteen  times 
across  the  sun's  disc  before  disappearing,  a  fact  which  would  indicate  a  continuanoe  of  more 
than  fifteen  months. 

At  certain  seasons  spots  are  more  numerous  than  at  others.  Schwabe  was  led  to  study  this 
peculiarity,  and  was  rewarded  by  the  interesting  discovery  that  the  spots  increase  and  ^itmwitA 
in  frequency  within  a  period  of  about  loi  years.  (Wolf  has  since  shown  that  the  more  exact 
value  of  the  period  is  i  itV  yean.)  And  it  has  been  further  dlsoovered  throng  the  researches 
of  Lament,  Sabine,  Wolf,  end  otiiers,  that  this  period  corresponds  with  the  penodic  vatiataon  of 
the  diurnal  declination  changes  of  the  magnetic  compass. 

The  FaevUs.    These  are  br^ht  streaks  commonly  seen  in  the  neighbouzhood  of  spots  whidi 
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are  approaching  the  sun's  limb.  Seochi  says  that  though  they  appear  bright  in  this  position 
t^ey  are  not  in  reality  brighter  than  the  oentre  of  the  son.  The  same  eminent  solar  observer 
believes  them  to  be  immense  waves  of  matter  indicating  the  disturbance  to  which  the  formation 
of  a  spot  is  dne.  Messrs.  De  La  Bue,  Stewart,  &nd  Loewy,  consider  the  faculs  as  probably 
consisting  of  solid  or  liquid  bodies  slowly  subeidhig  in  a  gaseous  medium.  From  their  falling 
behind  the  spots  it  is  infened  that  they  were  originally  lilted  above  the  general  level  and  in  the 
process  fell  behind  because  cominff  into  regions  of  more  n^d  rotation. 

The  Grantdei.  The  sun*s  surnuse,  when  carefully  studied  under  high  powers,  is  found  to 
exhibit  a  granulated  texture.  Different  observers  use  different  modes  of  iUustrating  this 
texture.  Least  exact  of  all,  perhaps,  is  the  illustration  according  to  which  tiie  sun*s  surface  is 
represented  as  covered  with  masses  resembling  willow-leaves  in  form.  All  the  best  observen, 
Dawes,  Huggins,  Lockyer,  Seochi,  &o.,  concur  in  regarding  the  general  shape  of  the  granules 
as  irregular,  and  not  commonly  elonrnted  except  in  the  neighbouniood  of  the  spots. 

SUN,  DISTANCE  OF  THE.  The  determination  of  the  sun's  distance  may  be  regarded 
as  the  fundamental  problem  of  practical  astronomy,  since  on  the  solution  of  this  problem 
depend  all  our  estimates  of  scale,  either  as  respects  the  solar  system  or  the  stellar  distances. 

The  methods  which  have  been  used  for  determining  the  son's  distance  are — I.  Observations 
of  the  transits  of  Venus,  (see  Veniu) ;  2  and  3.  Observations  of  the  parallax  of  Man,  accord- 
ing to  two  different  methods,  (see  Mmrt) ;  4.  The  comparison  of  the  Telocity  of  light  aa 


earth's  revolution',  around  the  common  centre  of  gravity  of  the  earth  and  moon.  These 
methods  have  given  results  which  may  be  thus  tabulated  (though  it  is  to  be  noticed  that  the 
same  method,  or  even  the  same  series  of  observations,  will  give  idightiy  different  results,  accord- 
ing to  the  method  of  calculation  employed) — 

Bolar  Psrmllaz. 

Method  I,  transit  of  Venus  in  1769,  Enoke's  estimate,         •       •       .  8*578" 

Methods  2  and  3,  Winnecke's  estimate, 8*964 

„  „       Stone's  estimate, 8*930 

Method  4,  Foucault's  estimate, 8*960 

Method  5,  Hansen's  estimate, 8*916 

Method  6,  Leverrier's  estimate, S'950 

It  will  be  seen  that  the  sun's  equatorial  horizontal  parallaT  (see  PairaOax),  as  detennined  by 
the  first  method,  seems  to  fall  considerably  short  of  the  other  estimates.  Mr.  Stone  has  shown, 
however,  that  the  error  has  arisen  from  an  inexact  mode  of  treating  the  observations  made  in 
1769.  By  a  more  satisfactory  process  he  obtains  the  result  8'9i\  It  will  be  noticed  also  that 
he  has  obtained  an  independent  result  8*93".  He  has  further  detected  a  mistake  in  Leverrier's 
estimate,  arising  from  an  error  in  computation,  and  thus  reduces  the  paral^y  by  the  sixth 
method  to  8*89''. 

Combining  all  the  best  modem  results,  it  would  seem  as  though  the  value  8*9"  fairly  repr^ 
sented  the  sun's  parallax.  But  in  the  table  of  demenU  8*94"  is  the  assumed  value,  in  accordance 
with  a  suggestion  made  by  Leverrier  and  Airy.  The  mean  distance  of  the  sun,  on  the  assump- 
tion that  the  parallax  is  8*94",  is  91,430,000  miles. 

SUPERIOR  PLANETS.    Those  phmets  whose  orUts  lie  outside  the  earth's. 

SUPERSATURATION.  Befening  to  Kluium  for  a  definition  of  mUuraJtum,  a  limdd  Is 
said  to  be  mj^enaturated^  when  being  saturated  at  a  hig^  temperature  it  can  be  cooled  down 
without  depositing  any  of  the  solid.  At  this  reduced  temperature,  then,  the  liquid  holds  more 
of  the  solid  than  it  could  take  up  or  dissolve  at  that  reduced  temperature.  A  liquid  may  be 
supersaturated  with  a  gas,  as,  when  in  addition  to  its  own  ydume  of  carbonto  add  which  water 
dissolves,  it  is,  under  the  influ^oe  of  pressure,  made  to  take  up  another  volume  of  the  gas,  aa 
in  the  case  of  soda  water,  champagne,  &c.  Again,  a  liquid  at  or  near  the  boiling  point  is  a 
supersaturated  solution  of  its  own  vapour,  and,  in  all  three  cases,  the  salt,  or  the  gai^  or  the 
vigour  can  be  separated  from  solution  under  the  influence  of  nudeL    (See  Nudtiu,) 

Supersaturated  saline  solutions  possess  remarkable  properties.  A  solution  of  sodic  SDlphatd 
(Glauber's  salt)  for  example,  saturated  at  the  point  of  maTJmum  solubility  (see  So/tilion),  and 
then  boiled  and  filtered  into  dean  vessels,  may  be  preserved  for  a  loQff  time  without  any  sepan^ 
tion  of  salt,  provided  they  be  protected  from  the  action  of  nudel.  Fw  this  purpose,  all  tiiat  It 
neoessasy  is  to  plug  the  vewels  with  cotton  wool,  or  even  to  cover  It  UghUv  with  a  watch  glassy 
the  fonner  being  Sie  more  efficacious,  in  which  case  the  air  of  a  room,  being  full  of  nudear 
particles  In  passing  between  the  fibrea  of  the  ootton  wool,  baa  these  nndMur  parades  aepanUd^ 
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the  air  itself  not  heing  a  naclens.  In  this  way  highly  Bapersatnrated  Bolations  of  hydnted 
■odic  salts,  such  as  the  acetate,  areentate,  succinate,  sulphate,  borate,  as  well  as  the  •odiO' 
potassic  tartrate,  potash  and  ammonia  alums,  magnesic  sulphate,  baric  acetate,  cupric  sulphate^ 
and  many  others,  may  be  reduced  to  low  temperatures  without  change,  provided  nuclei  be 
rigidly  excluded,  as  by  keeping  the  vessels  and  the  solutions  chemically  clean.  Varioua  idlid 
and  liquid  bodies,  which  act  as  nuclei  in  their  ordinary  condition,  cease  to  be  such  if  boiled  up 
with  the  solution,  and  allowed  to  oool  down  with  it  in  covered  vessels.  In  such  case,  the  ooU 
solution  adheres  to  these  bodies  as  a  whole,  and  there  is  no  separation  of  salt.  So  also,  if  an 
oil  be  dropped  into  a  cold  supersaturated  solution,  and  it  remain  in  the  lenticular  form,  it  doei 
not  act  as  a  nucleus,  because  its  surface  tension  separates  it  from  actual  contact  with  the 
solution,  or  rather  the  tension  of  the  surface  prevents  the  adhesion  of  the  watery  particles  from 
being  weaker  than  that  of  the  saline  molecules  or  vice  verso,  which  is  a  necessary  condition  d 
nuclear  action.  (See  Nucleus. )  But  if  the  oil,  on  being  deposited  on  the  surface  of  the  sohttion, 
spread  out  into  a  film,  this  film  being  in  closer  contact  with  the  solution,  from  its  diminithiBg 
its  surface  tension,  acts  powerfully  as  a  nucleus,  lai^ge  cr3r8tals  of  the  salt  falling  from  the 
under  surface  of  the  film,  until  the  excess  of  salt  over  saturation  has  been  sepiarated.  Vm 
matter,  in  the  form  of  films,  acts  as  a  nucleus,  and  this  is  the  very  form  in  which  bodies  ihtX 
have  been  handled  or  exposed  to  the  air  contract  nuclei.  A  glass  rod,  for  example,  dravn 
through  the  hand,  becomes  covered  with  a  film  of  organic  matter,  and  is  a  powerful  nudena. 
On  passing  it  through  flame,  or  boiling  it  up  with  the  solution,  it  loses  this  film,  and  is  ioactive 
in  separating  salt,  or  gas,  or  vapour  from  solution. 

Supersaturated  saline  solutions  of  hydrated  double  salts,  contained  in  dean  covered  vesaek, 
may  be  reduced  to  from  o**  F.  to  —  lo**  F.,  when  they  form  unstable  hydrates  in  tetrahedisl 
crystals,  but  as  soon  as  the  temperature  is  raised  to  32**  F.,  these  hydrates  melt  rapidly,  sod 
form  clear  bright  supersaturated  solutions  as  before,  effects  which  can  be  produced  any  number 
of  times,  provided  the  action  of  nuclei  be  excluded. 

There  are  some  salts  which  form  modified  hydrates  of  a  more  permanent  character  thsntitow 
just  referred  to,  such  as  the  sodic  sulphate,  which  in  its  normal  condition  contains  ten  atomi  of 
water  of  crystallisation.  If  a  hot  saturated  solution  of  this  salt  be  cooled  down  in  a  covered 
vessel  to  about  40**  F.,  and  still  better  if  lower,  it  throws  down  anhydrous  salt  in  the  foim  of 
octahedra ;  if  the  temperature  rise  a  few  degrees,  these  octahedra  pass  into  solution,  and  form 
a  dense  lower  stratum,  from  which  crystallises  out  a  modified  salt  m  prisms,  with  oblique  sum- 
mits, containing  only  seven  atoms  of  water  of  crystalUsation,  while  the  solution  above  is  still 
one  of  the  anhydrous  salt.  If  now  the  cotton  wool  be  removed  from  the  vessel,  the  salt  ciystil- 
Uses  from  the  surface,  and  crystalline  lines  of  the  ordinary  ten-atom  salt  proceed  downwardly 
carrying  with  them  sufficient  water  to  convert  the  lower  seven-atom  salt  into  the  ten-atom. 

There  are  many  other  points  connected  with  supersaturation,  some  of  which  have  already 
been  noticed  under  Nudeua;  EbuUition,  &c  We  may  also  refer  to  Mr.  Tomlinsons 
papers,  FhiL  Trans.,  1868 ;  Proc.  Eoyal  Society,  No.  122,  1870 ;  PhiL  Mag.,  and  Chem. 
News. 

SVALOCIN.  The  star  a  of  the  constellation  Delphinus.  This  name,  used  in  the  Paleimo 
catalogue,  seems  to  be  merely  the  inversion  of  Nicolaus. 

SYLVINE.    See  Potassium,  Chloride. 

SYMBOLS,  ASTRONOMICAL.  In  astronomy  a  number  of  symbols  are  made  use  ot  fff 
purposes  of  convenience.  The  origin  of  these  symbols  is  not  known,  and  many  different  inter- 
pretations have  been  given  of  the  symbols  themselves.  For  example,  the  symbol  for  Cspncor- 
nuB,  \y,  has  been  thought  by  some  to  be  intended  for  a  rough^representation  of  the  sesrgost 
figured  in  star-maps,  while  others  insist  that  it  is  formed  from  the  Greek  letters  rp,  for  rpdyotj 
a  goat.  Agedn,  the  symbols  of  the  five  planets  known  to  the  ancients  have  been  thus  int^ 
preted : —  t^  is  the  petasus  of  Mercury ;  9  the  mirror  of  Venus  (?) ;  6  the  shield  and  spear  of 
Mars ;  %  the  throne  of  Jupiter ;  T2  the  sickle  of  Saturn  (Cronus,  or  Time).  But  others  find  in 
these  symbols  the  initial  letters  of  various  adjectives  indicating  ^he  attributes  of  the  several 
deities  associated  with  these  five  planets.  Yet  others  find  in  %  the  Zeta  of  Zeus,  and  in  k 
the  K  of  Kronus.  Some  find  in  H  and  T^  the  Arabic  numerals  4  and  5,  indicating  that  these 
are  the  fourth  and  fifth  planets  of  the  ancient  series.  In  fine,  there  is  no  end  to  we  interpre- 
tation of  these  symbols  by  means  of  letters  and  numerals.  (See  the  Delphin  edition  of  Mani- 
lius.)  It  would  be  difficult  to  form  a  conclusive  opinion  where  so  many  different  views  have 
been  adopted  ;  but  certainly  one  is  invited  by  the  resemblance  between  tf  and  the  petanu  asbj 
that  between  6  and  the  arms  of  Mars,  to  conclude  that  among  the  symbols  of  the  planets,  as 
certainly  among  the  Zodiacal  signs,  a  rough  attempt  at  pictoniEd  illustration  was  the  real  origiB 
of  these  figures. 

The  following  are  the  principal  symbols  now  in  use  ;^ 
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ST1CB0L8  or  THS  HSAVINLY  BODIES. 


The  Sun,  . 
Merciury,  . 
Venus, 
The  Earth, 
The  Moon, 
Man, 


v/ercs, 
PaUas^ 


© 

9 
6  and  ® 

6 


Jnpiter,  . 
Saturn,  • 
Uranus,  . 
Neptune,  , 
A  comet,  . 
A  star, 


Thi  Abtkroids. 


t 


Juno^ 
Vestis 


% 
h 
V 

I 


& 


The  attempt  to  give  flymbols  to  these  bodies  was  continued  until  upwards  of  twenty  had 
been  discovered,  when  the  necessity  of  employing  a  simpler  mode  of  indicating  them  was  recog- 
nised. All  the  symbols  were  therefore  abandon^,  (except  the  four  given  above,  which  are  still 
in  use,)  and  the  asteroids  are  now  indicated  by  a  number  indicatingthe  order  of  their  discovery, 
the  number  being  inclosed  in  a  small  circle.  Thus^  the  symbol  ^  represents  AngA?init^  ^e 
sixty-fourth  asteroid  in  order  of  discovery. 

LuNAB  Phases. 

#  Moon,  in  conjunction  with  the  ran,  or  new, 

D  Moon,  at  eastern  quadrature,  or  first  quarter, 

O  Moon,  in  opposition  to  the  sun,  or  full. 

^  Moon,  at  western  quadrature,  or  laet  quarter, 

SlONS  or  THE  ZODUO. 


Aries, 

Taurus, 

Gremini, 

Cancer, 

Leo,  . 

Viigo, 


T 

Libra,        .        .        •       . 

^ 

« 

Scorpio,      .        .        •        1 

n 

I 

Sagittarius,        .        • 

T 

0 

Capricornus,      •        •        , 

yy 

A 

Aquarius,  .        .        •        , 

HB 

Pisoesy       .        .        •        , 

X 

Q  Ascending  node. 
0  Descending  node. 
6    Conjunction. 
:(c  Sextile. 
D  Quadrature. 


Plabbtabt  PosinoKs. 

E  Q  Eastern  quadrature. 

WD  Western  quadrature. 

A  Trine. 

8  Oppoflitioo. 


B  A  or  iB  (sometimes  also  a)  Bight  ascension. 
Dec.  (sometimes  8)  Declination, 
N.P.D.  North  polar  distance, 
h.  Hour. 


TJBAirOOBAPHICJLL. 

m.  Minute  of  time, 

•  Degree. 

'  Minute  of  arc 

'  Second  of  are. 


SYMPIEZOMETEB.  (ffv/irii^,  to  compress ;  fUrpw,  measure.)  An  instrument  for  mea* 
suring  the  barometric  pressure  by  the  compression  of  air  or  gas.  It  was  invented  by  Mr.  Adle, 
and  consists  of  a  glass  tube  about  i8  inches  long  and  }  inch  in  diameter,  with  a  dosed  chamber 
at  the  top,  and  an  open  dstem  resembling  that  of  an  ordinary  barometer  below.  The  dstcm 
and  the  lower  part  of  the  tube  are  filled  with  glycerine,  the  closed  chamber  and  the  upper  part 
of  the  tube  beinff  filled  with  common  air.  As  the  pressure  of  the  external  air  increases  or 
diminishes  the  |^ycerine  rises  or  falls  in  the  tube.  At  first  oil  of  almonds  was  used  in  place  of 
l^vcerine,  and  hydrogen  gas  in  place  of  air ;  but  the  gas  was  partially  absorbed  by  the  oU. 
The  glycerine,  in  the  present  form  of  the  instrument,  requires  to  be  of  a  particular  character,  or 
it  wiU  absorb  part  of  the  air  within  the  tube.  The  indications  of  the  instrument  must  be  cor- 
rected for  the  effects  of  temperature^  for  which  purpose  a  common  theimometer  is  attached  to 
the  instrument. 

SYNAPTASE.    See  JETmtiZnit. 

8YN0DICAL.  (^  together ;  iUt,  a  joomeying.)  In  astronomy  the  interval  separating 
■uooessive  oonjunctioos  or  suooeiiivo  oppoaitionf  of  a  superior  planet^  or  laxesaivo  oonjuactioiM 
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of  the  same  kind,  in  the  cMe  of  tn  inferior  planet,  is  called  the  synodical  period  ci  the  plaa^ 
The  moon's  synodioal  periods  are  the  same  as  her  lunations. 

SYNTHESIS,  (ffio',  together,  and  tfe^tt,  ft  placing.)  The  foimation  of  chemical  compomids 
from  their  elements  or  from  bodies  of  less  oomplez  oompositioiL  It  is  the  cppodte  to 
Analjftii.  , 

SYREN.  The  Syren  of  Cagniaxd  de  Latonr  is  an  instrument  for  exhibiting  the  oonnectiaB 
between  the  pitch  of  a  note  (see  Pitch),  and  the  number  of  impulses  given  to  the  air  in  a  giTcn 
time.  It  consists  of  a  brass  cylindrical  box,  into  one  end  of  which  air  can  be  forced  from  an  ofgia 
bellows.  The  opposite  face  of  the  cylinder  is  pierced  by  one  or  more  rings  of  holes  concentzie 
with  the  centre  of  the  pierced  face.  These  holes  are  not  bored  in  a  diraction  parallel  to  & 
axis  of  the  box,  but  obliquely  through  the  thickness  of  the  brass.  By  means  of  studs  and  lew&t 
woridng  through  the  side  of  the  cylmder  one  or  more  of  these  rings  of  holes  can  be  opened  by 
removing  plates  which  close  their  inner  extremities.  In  very  dose  proximity  with  the  Tzpper 
face  of  the  box  is  a  circular  brass  disc  of  the  same  size,  which  turns  with  great  ease  aroimd  ito 
centre.  This  disc  is  perforated  by  rings  of  holes  of  the  same  nature  as  those  in  the  top  of  Hm 
box ;  but  the  inclination  of  the  holes  is  in  the  opposite  direction.  If  the  indination  of  both 
sets  of  holes  is  45"  the  two  sets  will  be  at  right  angles  to  one  another.  The  axis  of  the  npps 
moveable  disc  is  a  spindle  which  carries  an  endless  screw.  This  screw  works  into  the  oogs  of  a 
little  wheel,  so  that  when  the  upper  dim:  turns  round  once  the  spindle  turns  round  onoe,  and 
consequently  the  wheel  is  turned  round  through  the  distance  between  two  cogs.  Hie  axis  of 
this  wheel  bears  an  index  passing  over  a  graduated  face  or  dial  plate.  It  alK>  bears  a  pin«m 
working  in  the  cogs  of  a  second  wheel,  whose  axis  also  bears  an  index  working  over  a  dial 
plate.  By  this  means  the  second  wheel  will  turn  round  more  slowly  than  the  first,  according  to 
the  ratio  of  the  number  of  cogs  in  the  wheel  and  pinion.  The  azrangement  is  in  fact  veiy 
similar  to  that  connecting  the  hour  and  minute  hands  of  a  clock.  There  is  also  an  arran^m^it 
by  which  the  first  wheel  can  be  slipped  into  and  out  of  gear  with  the  endless  screw.  Liet  each 
dial  plate  be  divided  into  a  hundred  divisions,  and  let  tiie  connecting  gear  be  such  that  the 
second  wheel  and  index  turns  round  a  hundreidth  of  a  revolution  when  the  first  wheel  and  index 
turn  round  once.  So  that  the  units  and  tens  of  revolutions  of  the  spindle  are  measured  on  the 
first  dial  plate,  the  hundreds  and  thousands,  up  to  ten  thousand,  on  the  second.  Let  us  suppose 
that  the  syren  is  used  for  measuring  the  pitch  of  a  tuning-fork.  The  fork  is  kept  continually 
sounding  its  fundamental  note  by  an  assistant  who  strokes  it  with  a  fiddle  bow.  The  screw  co 
the  spindle  is  set  out  of  gear  wiUi  the  toothed  wheel.  The  positions  of  the  indices  on  the  two 
dial  plates  are  noted.  Chie  of  the  studs  is  pushed  in  so  as  to  open  one  ring  of  holes  in  the 
upper  face  of  the  (nrlindrical  box,  say  that  which  contains  n  holes.  Air  is  then  forced  into 
the  box  from  the  bellows,  its  elastidty  causes  it  to  escape  through  the  oblique  holes; 
it  strikes  the  oblique  hole  in  the  moveable  disc  at  right  angles,  and  since  these  are  indined  at 
an  angle  of  45''  to  the  horizontal,  the  resolved  portion  of  its  force  in  a  horizontal  direction 

I 
is  —7-    of  its  impact.    This  horizontal  force,  acting  in  a  tangential  direction,  sets  the  disc 

spinning.  The  same  takes  place  at  each  opening.  When,  therefore,  the  disc  turns  round 
once,  there  are  n  puffs  of  air  escaping  through  the  disc.  As  the  air  is  urged  in,  the  upper  dise 
increases  in  its  velodty,  and  a  note  of  higher  and  higher  pitch  is  produced.  (See  Pilch,)  When, 
the  note  produced  bv  the  ajren-approaches  that  of  the  fork,  rapid  beats  are  heard.  (See  jBeott.) 
When  the  pitches  of  the  two  notes  are  identical,  these  beats  disappear.  This  consonance  is 
maintained  for  some  tune,  conveniently  until  the  commencement  of  a  minute,  as  indicated  by 
the  second  hand  of  a  watch.  The  screw  on  the  spindle,  and  the  tooths  on  the  wheel,  are  in- 
stantly thrown  into  gear,  and  the  bellows  worked,  so  that  no  beats  occur.  After  the  lapse  of 
exactly  a  minute  the  screw  is  thrown  out  of  gear,  and  the  readings  on  the  dial-faces  noted.  Let 
this  reading  indicate  m  revolutions.  Since  n  puffs  are  produced  by  one  revolution,  the  number 
of  puffs  per  minute  cozresponding  with,  and  giving  rise  to  a  note  of  identically  tiie  same  pitch  as 

that  of  the  tuning-fork  is  m  x  n,  or  ^     **    is  the  number  of  vibrations  of  the  fork  per  second^ 

The  syren  has  its  name  from  the  dicumstance,  that  it  produces  a  musical  note  when  water  in* 
stead  of  air  is  forced  through  it,  the  whole  instrument  being  under  water. 

The  syren  of  Seebedc  is  of  much  simpler  construction,  and  may  be  used  to  show  roughly  the 
relation  betwe^  rapidity  of  sequence  of  impact  and  pitch.  A  circular  sheet  of  cardboard  ia 
perforated  with  holes  in  two  concentric  rings,  the  outer  ring  containing  twice  as  many  holes  as 
the  inner  one.  This  can  be  turned  with  great  velocity  on  its  axis.  One  end  of  a  tube,  open  at 
both  ends,  is  placed  in  the  mouth,  and  the  other  above  the  inner  ring  of  holes,  and  as  dose  as 
possible  to  them.  On  turning  the  cardboard  rapidly  round,  and  blowing  through  the  tube,  a 
musical  note  is  produced,  the  pitch  of  which  increases  with  the  Tdodty  of  rotation.    If,  while 


ifc*>. 
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the  cardboard  is  being  turned  round  witb  uniform  velooitjr,  the  extremity  of  tbe  tube  be  directed 
to  the  outer  ring  of  holes,  a  note  is  produced  an  octave  higher,  showing  th£tt  the  relation  be- 
tween a  note  and  ita  octaye  is  the  ruation  of  one  to  two  in  the  number  of  puffs  which  produce 
them. 

The  first  form  of  syren  was  that  of  Dr.  Bobison,  who  caused  a  perforated  plug  to  revolye  in 
a  tube  through  which  air  was  forced,  and  who  showed  that  the  height  of  the  note  was  increased 
with  the  rapidi^  of  the  vibrations. 

SYZYG Y.  (0vjV7(a,  conjunction.)  In  astronomy,  the  conjunction  of  the  sun,  earth,  and 
moon  along  one  line,  so  that  when  the  moon  is  new  or  full  she  is  said  to  be  «f>  tyvygy. 


TAIuBOTTPl^  PBOOESS.    See  Catotype  Proem. 

TALITHA.    (Arabic.)    The  star  i  of  the  constellation  TJrsa  Major. 

TANGENT  COMPASS.    A  somewhat  unusual  name  for  tiba  Tangent  Qakcmwnder. 

TANGENT  GALVANOMETER.    See  QoloaMmnaer. 

TANNIN.  (Tannic  add.)  Terms  applied  to  amorphous  astringent  bodies  found  in  galls 
and  many  yarieties  of  bark.  They  have  a  rough  taste,  a  faint  acid  reaction,  unite  with  animal 
membrane,  albumen,  and  gelatin,  forming  insoluble  non-putrefiable  compounds,  and  produce  a 
dark  blue  or  green  colour  with  persalts  of  iron.  The  commonest  variety  is  gallotannic  add, 
which  is  obtained  from  oak  apples,  and  Turkish  and  Chinese  gall  nuts.      Its  formula  is 

TANTALtTM  A  very  rare  metallic  element  discovered  byEkeberg  in  a  mineral  from 
Sweden,  called  tantalite.  Its  history,  which  is  referred  to  under  the  heading  CUvmbiutm^  is  tiie 
prindpflJ  point  of  interest  about  it. 

TAR AZED.    (Arabic. )    The  star  7  of  the  constellation  Aq^oil^. 

TARTAR.    See  Tcaiaaic  Acid, 

TARTAR  EMETIC.    See  Tartane  Aeid. 

TARTARIC  ACID.  An  organic  add  widely  diffused  in  the  vegetable  kingdom,  especially 
in  grape  juice,  where  it  occurs  as  add  tartrate  of  potasdum.  There  are  five  mfferent  tartaric 
adds  known  to  chemists,  which  all  possess  the  same  composition  (C4HqOq),  and  scarcely  differ 
from  one  another  except  in  their  action  on  polarised  light,  and  in  cryirtalline  form.  When  common 
tartaric  add  is  examined  by  a  ray  of  polarised  light  it  rotates  it  to  the  right.  But  from 
some  varieties  of  grape  juice  an  add  called  raoemic  is  prepared,  iiOndi  scarcely  differs  dieml- 
cally  from  tartaric  add,  but  has  no  action  on  polarised  light.  It  has  therefore  been  call^  Pam- 
tartarie  Aeid,  By  appropriate  means,  racemic  add  has  been  separated  into  two  adds,  one  of 
which  is  found  to  be  (ndinary  tartaric  add,  and  the  other  an  exactly  similar  add,  but  poesesdng 
a  left-handed  rotation.  This  ii  called  bevo-tartaric  add.  When  dextro  and  Isevo-tartaric  adds 
are  mixed  together  they  unite  and  form  racemic  add.  The  only  one  of  these  which  requires 
detailed  mention  here  is  ordinary  tartaric  add,  also  called  dextro-tartarie  add.  This  crystallises 
in  monodinic  prisms,  which  are  colourless,  transparent,  and  veiy  soluble  in  water  and  alcohol. 
It  unites  with  bases  to  form  salts,  which  are  usually  of  two  kinds,  neutral  and  add.  These,  for 
the  most  part,  oystallise  easily  in  large,  well-defined  oystalB.  Tartaric  add  also  fonns 
numerous  double  salts.  The  following  are  the  more  important  tartrates : — Biriartrate  of 
Potauium,  or  cream  of  tartar  (C^ HsHO^,  is  difficultly  soluble  in  water,  and  separates  from  its 
hot  solutions  in  small  trimetric  crystals.  In  the  crude  state  it  is  called  Argol,  or  Tartar^  aad 
is  depodted  from  many  kinds  of  wine  on  keeping.  It  unites  with  soda  to  form  a  double  salt, 
which  crystalUses  in  large  rhombic  prisms,  reiMlilv  soluble  in  water.  The  oompodtion  is 
(C8H4KNaOc.4H,0).  It  is  sometimes  called  Rodbelle  salt  Potoitio  AfUinumious  TatiraU 
is  of  considerable  use  in  medidne,  under  the  name  of  tartar-emetia  Its  oompodtion  is 
C4H4K.(SbO)Oc.4H,0.,  and  it  crystalUses  in  octahedrons,  which  are  tolerably  soluble  in  water. 

TARTARIC  ACID,  RIGHT-HANDED  AND  LEST-HANDED.  See  JHffhi^ffanded 
tutd  L^Eanded  Tatiarie  Acid, 

TAURUS.  (The  Bull.)  A  sign  of  the  Zodiac  The  sun  enters  this  s!ffn  on  about  the  20tli 
of  April,  and  leaves  it  on  about  the  21st  of  May.  Hie  constellation  Taurus  occupies  the 
scdiacal  region  corresponding  to  the  sign  Gemini  This  constellation  is  exceedingly  rich.  It 
indndes  those  remarkable  star  groons,  the  Pleiades,  and  the  Hyades,  and  many  singularly  rich 
tdescopic  fields.  Sir  John  Henchel  oonsidflBS  that  a  branch  of  the  Milky  Way  may  pohi^Ni  be 
taoed  from  Perseus  as  far  as  the  Pleiades. 

TAUTOCHRONE.  (ra^rtf  for  rd  oM,  just  the  same ;  and  xP^Mt,  time.)  A  curve  snofa 
that  a  pftrtkle  mof^ing  rmdm  tiw  aotloii  of  giimn  forces  will  rsaoh  a  given  point  in  the  aama 
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time,  whereyer  msj  be  the  starting  point.  A  putide  falling  nnder  the  action  of  grsvitj  from 
reet  down  the  arc  of  a  cycloid  will  reach  the  lowest  point  in  the  same  time,  whatever  be  the 
point  of  the  curve  from  which  it  starts.  Hence  the  cycloid  is  the  taatochrone  for  the  foroe  of 
gravity. 

TEINOSOOPE.  (reuw,  to  spread  oat ;  and  CKorew,  to  view. )  Another  name  for  the  prim 
idetcope,  which  see. 

TELEGRAPH,  ATLANTIC.    See  AOantie  Tdegraph. 

TELEGRAPH,  ELECTRIC,  (r^,  at  a  distance ;  ypd</Mt,  to  write.)  From  the  esdioi 
time,  when  beacons  lighted  on  the  tops  of  the  hills  were  used  to  indicate  the  i4>proach  of  u 
enemy,  or  the  occurrence  of  some  other  important  event,  the  power  of  communication  at  a  dis* 
tanoe  has  been  felt  to  be  a  desideratum.  Many  inventions  and  arrangements  have  from  tima 
to  time  been  made  with  this  object,  as,  for  example,  the  signals  by  flags,  or  by  the  old  semi- 
phore  system,  which  is  still  employed  for  railway  signalliog,  by  ringing  of  bells,  or  by  tlie 
motion  of  water  in  tubes,  but  none  of  these  was  applicable  to  any  but  short  distances,  or  indesd 
senerally  applicable  at  alL  The  discovery  of  the  conduction  of  electricity  along  metal  ^virei^ 
however,  soon  gave  rise  to  the  idea  of  communicating  signals  by  means  of  its  effects,  and  tbe 
electric  telegraph  has  now  become  one  of  the  most  powerful  agents  for  the  promotion  of  civilinr 
tion,  and  even  a  necessity  of  every-day  life. 

The  first  electric  telegraphs  proposed  were  founded  on  the  observation  of  motions  prodnoed 
by  the  attraction  or  repulsion  of  statically  electrified  bodies.  In  1 747  Watson  showed  tbe 
transmission  of  a  discharge  from  a  Leyden  jar  through  a  wire  stretched  across  the  Thunes ;  sod 
later  in  the  same  year  he  caused  it  to  pass  through  10^600  feet  of  wire  supported  on  insulaton, 
which  were  attached  to  wooden  poets.  In  1753  there  appeared  in  Seo^i  Magazine  a  letter 
signed  C.  M.,  in  which  the  idea  of  signalling  by  means  of  electricity  is  originated,  and  during 
i£e  next  seventy  years  many  different  methods  of  telegraphing  were  proposed.  It  was  not, 
however,  till  after  the  discovery  of  the  electric  current  by  Galvani,  and  of  the  effect  of  a  aO' 
rent  upon  a  magnetised  needle  in  its  vicinity  by  Oersted,  and  till  after  the  establishment  of  the 
fundamental  laws  of  electric  dynamics  by  Ampere  in  1820,  that  the  idea  of  electric  telegrapb/ 
was  acknowledged  to  be  practically  useful ;  but  immediately  after  this,  and  after  thediscoveriei 
of  Faraday  in  electro-magnetism,  various  schemes,  more  or  less  practical,  were  propoeed  to  take 
advantage  of  the  motions  of  a  magnetised  needle  in  the  neighbourhood  of  a  current  as  a  mesos 
of  signalling.  The  names  of  Sonmiering,  Schweigger,  La  Place,  Fechner,  Ritchie,  and  Baraa 
Schilling,  are  connected  with  the  first  attempts  to  telegraph  by  means  of  galvanic  electricity. 
The  method  of  the  first  two  was  based  upon  the  decomposition  of  water  by  means  of  the  pile. 
Gauss  and  Weber,  for  the  purpose  of  studying  the  laws  of  the  action  of  galvanic  currents,  set 
up  a  long  line  of  two  wires  from  their  Physical  Cabinet  in  Gottingen  to  the  Observatory.  Thif 
was  the  first  line  in  which  a  single  wire  was  employed,  most  of  the  other  systems  requiiiog  a 
wire  for  each  letter,  or  at  least  a  particular  pair  out  of  several  wires  to  indicate  a  letter.  The 
signals  also  were  given  by  means  of  magneto-electricity,  which  had  not  been  employed  before. 
Gauss  and  Weber  did  not,  however,  employ  the  line,  in  the  first  instance,  for  telegraphic  yof 
poses,  though  they  afterwards  used  it  in  that  way ;  and  subsequentiy.  Professor  Steinheil  of 
Munich  was  requested  by  them  to  perfect  the  arrangements,  and  malee  them  capable  of  mors 
practical  use.  Hence,  and  from  the  ingenious  inventions  and  improvements  of  Steinheil,  arose 
the  system  of  telegraphy  which  bears  bis  nftme.  The  messages  were  printed  by  means  of  dots 
made  in  proper  positions  on  strips  of  paper  which  were  kept  in  uniform  motion  by  dockwofk. 
Steinheil  afterwards  discovered  that  two  wires  were  unnecessary,  and  that  a  complete  circuit 
might  be  made  by  using  one  wire  and  permitting  the  current  to  return  through  the  earth.  But 
telegraphy  is  not  indebted  to  any  more  than  to  Messrs.  Cooke  and  Wheatstone,  (now  Sir  Cbaiiei 
WheatstoneX  who,  joining  their  inventions  together,  produced,  with  great  ingenuity  and  perse* 
veranoe,  a  system  capable  of  practical  application.  A  telegraph  was  established  by  them  cm 
the  London  and  Birmingham  and  Great  Western  Railway  lines ;  and  subsequentiy,  their 
system,  modified  and  simplified  by  themselves,  and  made  much  less  expensive,  has  been  largely 
adopted  for  inland  telegraphy. 

Our  limits  will  not  permit  us  more  than  this  brief  sketch  of  the  history  of  telegraphy.  We 
have  not  even  been  able  to  mention  the  names  of  all  the  many  who  contributed  to  the  progreis 
of  the  invention,  but  it  will  be  seen  from  what  we  have  said  that  the  invention  of  telegi^thT 
cannot  be  claimed,  as  has  frequently  been  done,  for  or  by  any  one  man  or  set  of  men.  A  mwr 
titude  of  investigators,  inventors,  and  practical  men  have  assisted  in  the  development  of  the 
system. 

We  shall  now  briefly  explain  the  method  of  telegraphy  :  detaik  can  readily  be  obtained  bf 
the  interested  reader  from  the  many  practical  works  upon  the  subject,  and  among  others,  from 
those  of  Mr.  Robert  Sabine.    Of  the  line  in  submarine  telegraphs  we  have  given  a  deacription 
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under  C€Me^  Suibmarine.  The  wires  lued  for  overhead  lines  are  of  iron.  Various  ways  of  protec- 
ting them  from  rusting  have  been  proposed  and  employed.  The  best  plan  is  probably  tnat  of 
vamiBhing  them  with  boiled  linseed  oil,  or  painting  them  with  tar  from  time  to  time  till  a 
tolerably  thick  ooat  is  accumulated,  which  protects  them  from  moisture  and  from  the 
contact  of  the  air.  Galvanized  iron  is  sometimes  employed,  but  in  the  neighbourhood  of  large 
towns  where  acid  fumes  are  to  be  found  in  considerable  quantity,  the  zinc  coating  is  soon 
destroyed.  The  wire  is  supported  by  means  of  telegraph  posts  which,  in  England,  are  made  of 
wood.  It  has  been  proposed  to  use  stone  pillars,  and  this  was  done  to  some  extent  in  IndiA. 
The  stone  pillars  are  much  more  durable  than  wood,  but  the  expense  of  constructing  them  has 
prevented  their  adoption.  In  Switzerland  iron  posts  have  lately  been  employed  and  their  use 
will  probably  become  more  generaL  The  wire  is  attached  to  intuUUon  which  are  fixed  to  tiie 
posts.  Of  these  there  are  various  kinds.  In  England  that  of  Mr.  Latimer  Clarke  is  mudi 
employed.  It  is  a  double  bell  made  of  porcelain  and  of  a  shape  suitable  to  allow  rain  to  run  off  it 
witiiout  wetting  the  inside.  The  bell  is  supported  by  a  stem  proceeding  from  the  top  of  the 
interior  of  it,  and  the  line  wire  passes  through  a  deep  groove  at  the  top  of  the  bell,  and  is  secured 
in  its  place  by  means  of  binding  wire.  In  underground  lines  the  wires  are  insulated  by  a  gutta- 
percha or  other  non-«onducting  covering  and  are  now  contained  in  iron  pipes  laid  under  the 
pavement  or  along  road-ways.  In  Paris  they  pass  through  the  sewers  and  catacombs^  those  in 
the  sewers  being  endoeed  in  lead  tubes  for  protection  from  the  destructive  gases. 

For  sending  and  receiving  messages,  various  forms  of  instruments  are  employed,  the  dunce 
depending  upon  the  purpose  for  wMch  thev  are  used  and  on  the  length  of  the  line.  On  long 
submarine  lines  as  is  explained  {BeeAUantte  Tdegra/ph;  Mirror  QaLvanovMUr^  &c.),  the  r^ecting 
galvanometer  of  Sir  William  Thomson  is  universally  and  at  present  necessarily  employed ; 
thouch  it  is  probable  that  a  newly  invented  self-reconUDg  instrument,  also  bv  Sir  W.  lliomson, 
whi<£  has  already  been  tried  on  tiie  French  Atlantic  and  on  the  Cornwall  and  Usbon  lines 
will  shortly  be  in  general  use.  In  this  instrument  a  very  light  coil  of  wire  is  very  delicately 
suspended  in  a  magnetic  field,  and  the  motions  of  it  when  a  current  is  passed  through  it  are  the 
means  whereby  the  messages  are  transmitted.  The  coil  of  wire  is  attached  to  a  very  light 
siphon  of  glass  through  which  the  ink  from  a  reservoir  flows.  The  siphon  is  a  capillary  tube  of 
excessively  small  dimensions,  and  the  ink  is  drawn  from  it  by  electric  attraction,  the  reservoir 
and  the  paper  being  oppositely  electrified.  The  extremity  of  the  siphon  is  not  in  contact  with 
the  paper  but  only  near  to  it.  The  delicacy  and  rapidity  of  the  instrument  are  even  greater  than 
that  of  the  mirror  galvanometer,  and  the  recording  of  the  messages  is  felt  by  telegraph  compa* 
nies  to  be  of  the  highest  importance.  On  land  lines  and  shmt  submarine  lines  the  needle 
teleffraph  of  Wheatstone  and  Cooke  and  the  recorder  of  Professor  Morse  of  New  Ycack  are 
much  employed.  In  the  needle  telegraph  of  Wheatstone  and  Cooke  a  pair  of  needles  is  used,  one 
of  which  is  magnetised  and  placed  within  a  multiplying  coil  the  arrangement  being  similar  to  that 
of  the  ordinary  astatic  galvanometer  or  multiplier :  but  the  plane  of  the  coils  is  vertical  and  the  nee- 
dles are  suspended  on  a  horizontal  axis  about  which  the  pair  turns.  The  axisof  suspension  is  but 
littie  above  the  centre  of  gravi^of  the  system.  The  other  needle  appears  at  the  face  of  the  instru- 
ment and  deflects  its  upper  end  to  the  right  or  left  of  the  vertical  line,  according  to  the  direction 
in  which  the  current  passes.  A  certain  number  of  deflections  to  the  rieht  or  left,  or  of  deflec- 
tions some  right  and  some  left,  in  particular  order.  Indicates  a  given  letter,  number,  or  word. 
Frequentiy  a  doMt  needle  telegraph  instrument  is  employed,  which  consists  of  twodngleneedlo 
instraments  in  the  same  case.  The  letters  are  formed  by  combiiiations  of  indications  from  the 
two  needles,  and  as  there  are  thus  four  motions,  a  right  and  a  left  of  each  needle,  it  is  evident 
that  the  speed  of  signalling  is  immensely  incr«Med.  The  necessity  of  two  lines,  however,  makea 
the  use  of  it  too  expensive  for  general  purposes.  The  messages  are  sent  by  means  of  a  very 
simple  commutator  or  reversing  key,  wnich  is  worked  by  a  handle  to  be  seen  on  the  face  of  the 
insbnment  below  the  dial,  over  which  the  needle  moves.  When  the  handle  is  in  the  vertical 
position,  the  instrument  is  in  condition  for  receiving.  The  turning  of  the  handle  in  one  direo- 
tion  or  the  opposite,  gives  rise  to  a  current  of  electridty  from  the  battery^  which  passes  both 
through  the  instrument  of  the  receiver  and  through  that  of  the  sender,  llie  attention  of  the 
recdver  is  called  by  a  preliminary  sounding  of  an  electric  belL 

In  the  Morse  recorder  the  recdvinff  instrument  consists  essentially  of  a  soft  Iron  bar,  which 
is  magnetised  and  demagnetised  by  the  passage  and  stoppage  of  the  current,  and  a  soft  iron 
armature,  which  is  attracted  each  time  the  ouier  is  macne^ed,  and  freed  when  it  is  demag- 
netised. The  armature  is  connected  with  one  end  of  a  lever,  and  to  the  other  end  of  the  lever 
is  attached  a  style  or  an  ink  marker,  which  is  pressed  upon  tiie  pi^>er  at  each  attraction  of  the 
armature.  The  paper  is  a  long  slip,  which  is  drawn  past  the  point  of  the  marker  at  a  uniform 
rate  by  clockwork.  The  signals  are  made  by  comUnations  of  a  dot  and  a  dadi  (a  diort  and  a 
long  mark)  on  the  paper,  the  dot  being  made  when  the  ooxxent  merdy  passes  roimd  the  electro- 
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magnet  for  an  instant,  the  dash  when  the  conent  is  of  lome  duration.  The  ■«"«^'"g  instrumait 
is  a  lever  whkh,  on  being  pTMiod  down,  penniti  the  canent  from  the  batteiy  to  flow  into  the 
line  dnzjng  the  time  that  the  contact  ia  made. 

On  applying  the  Morse  instroment  to  a  long  Hne,  it  was  f  oond  that  the  cnmnt  is  freqnetiSy 
so  weak  that  it  cannot  move  the  aimatnrey  hence  Mone  connected  with  the  instroment  a  fvlsy 
and  local  battery.  The  relay  consists  of  a  pair  of  electro-magnet  coils,  through  which  the  ]infr> 
corrent  paswes.  Hie  only  woi^  that  these  coils  require  to  do  is  to  draw  down  a  light  annaton^ 
and  the  motion  of  this  armature,  by  means  of  a  lever,  closes  a  local  circuit  ccmtaining  a  batfeoy 
and  the  Moroe  instrument.  Thus,  on  every  passage  of  the  current  through  the  line-wire,  »  eoi^ 
rent  is  caused  to  flow  from  a  local  battatr  through  the  instrument,  and  the  work  required  to  be 
done  by  the  line-current  is  very  small  indeed,  being  merely  the  motion  of  the  key  of  the  kMsl 
circuit  at  the  receiving  end. 

In  private  lines,  imrtroments  known  as  **  dial  telegraphs  "  axe  employed,  from  the  eaae  with 
which  they  are  manipulated.  They  consist  of  two  parts,  a  transmitter,  which  is  a  dial  marked 
with  the  letters  of  the  alj^abet,  either  on  keys  which  the  sender  presses,  or  on  a  plate  ow 
which  a  handle  pasees.  By  mechanical  arrangement  the  cunent  is  made  through  the  intervefr 
tion  of  electro-magnets  to  turn  a  pointer  at  the  receiving  end,  which  moves  over  a  dial  on  iHoch 
aJao  letters  are  marked  ;  and  at  each  signal  from  the  sender,  the  pointer  stops  at  the  letter  sent 
There  are  various  f omns  of  dial  telegraphs.  Wheatstone'a  step  \3j  step  instrument  has  periu^ 
the  most  general  employment. 

TEI^ErHONE.  (r^Xe,  afar ;  and  ^wr^,  a  sound.)  An  arrangsment  for  telegraphing  in  which 
the  letters  are  indicated  by  sounds.  It  consists  of  two  parte,  a  sending  instrument  and  a 
receiving  instanment.  In  the  sending  instrument  a  stretched  membrane  is  made  to  vibrate  by 
means  of  sounds  produced  in  front  of  it;  and  vibrates  at  rates  depending  upon  tliD 
pitch  of  the  note  played.  At  each  vibration  contact  is  made,  and  broken  wi£  a  battery ; 
and  by  a  proper  arrangement,  electric  signals,  whose  number  oanesponds  with  the  note  played 
are  sent  through  the  Ihie.  At  the  otiier  extremity  the  current  circulates  round  a  bar  of  soft 
iron,  which  is  thus  rapidly  magnetiMd  and  demaffnetised.  The  demagnetisation  gives  rise  to 
the  sound  known  as  tne  magnetic  tick  (see  SownaSf  Magnetie)  ;  and  these  sounds  oocmring'  witii 
the  same  rapidity  as  the  vibrations  produced  at  the  other  end,  give  rise  at  the  receiving  end  to 
the  required  note. 

TELESCOPE,  (r^tf,  at  a  distance;  and  ^icoirew,  to  see.)  An  optical  instnmwnt  for 
viewing  objects  at  a  distance.  It  consists  eesentially  of  an  achromatic  cbjed  glan,  or  a  ooneam 
tpeeulum,  whidi  forma  an  image  of  the  object  to  be  viewed  at  its  focus.  This  image  ii  then 
jnagnifled  by  a  simple  microscope  in  the  fonn  of  an  eye-piece.  For  astrononucal  puiposei^ 
where  it  is  of  no  consequence  if  the  object  is  inverted,  an  attrcnomical  qte-pieee  is  useo,  otbei^ 
wue  an  erecting  or  territrial  eye-pieee  is  more  generaL  (See  Aehromaiie  Tde$eope:  Object  Olaa; 
Speculum;  Attrmumical  Eye^pitee ;  Erecting  Eye^piece;  E^/UcHng  TeUiCope ;  CfalUean  Tdeteope.) 

TELESCOPE,  MAGNIFflNa  POWEB  OF.  The  magnifymg  power  of  a  telescoM  may 
be  ascertained  bv  divi(^ig  tiie  focal  length  of  the  object-glass  by  that  of  the  cTB-pieoe.  It  may 
be  roughly  seen  by  looking  at  a  dirtant  object  through  the  telescope,  and  viewing  the  object  it 
the  same  time  with  tiie  otiier  eye.  The  two  images  will  then  i^ipear  side  by  ode,  and  tlieir 
respective  diameters  can  be  compared. 

TELESCOPE,  PRISM.    See  Prism  Tdescope, 

TELESCOPIUM.    (The  Telescope. )    One  of  Laoaille's  southern  constellations. 

TELLUBIC  LINES  OF  THE  SOLAB  SPECTBUll  See  Atmotphcric  Linet  cfiU  Solar 
Spectrum, 

TELLUKIUM.  (reSus,  the  earth.)  An  element  belonging  to  tiie  sulphur  group,  and  ap- 
proaching in  character  a  metaL  It  was  diBoovered  by  Klaproth  in  1798 ;  physically  it  strongly 
resembles  the  metals  ;  it  is  tin-white,  shining  and  metallic  looking,  crystallising  readily,  imd 
very  brittie.  It  is  a  bad  conductor  of  heat  and  electridtv.  Specific  gravity,  6*3.  Atomfe 
weight,  128 ;  Symbol,  Te.  It  melts  at  500*  C.  (932*  F.),  and  at  a  higher  temperature 
volatilises.  When  heated  in  the  air  it  takes  fire  with  a  blue  flame.  In  its  chemical  properties 
it  strongly  resembles  sulphur  and  selenium;  like  them  it  forms  two  oiddes,  teUuroua  add 
(TeO,),  and  tdluric  acid  (TeO|),  which  unite  with  bases,  and  foim  salts  which  are  analogous 
to  the  corresponding  salt  oontuning  sulphur  and  selenium.  It  forms  tellwretted  hydrogen  (TeHJ^ 
which  closely  resembles  sulphuretted  and  seleniiiretted  hydrogen,  and  its  compounds  witii  otbtf 
elements  strictiy  can^  out  the  analogy. 

TEMPERAMENT  IN  MUSIC.    See  GamuL 

TEMPERATE  ZONE.    See  CUfnate. 

TEMPERATURE.  {Temperatuira,  temperoy  tempm,  from  re/am,  to  oat ;  strictiy  a  portion 
cut  or  measured  off,  thus  time,)    The  temperature  of  a  substance  is  the  amount  of  sensible  heat 
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anodated  with  it  By  sensible  heat  we  mean  heat  which  can  be  recognised  by  a  thermometer, 
and  which  is  capable  of  passing  to  other  substances,  and  of  effecting  the  varioos  changes  in 
them  which  heat  is  wont  to  produce.  When  a  substance  is  heated  its  temperature  is  said  to 
hicrease,  when  it  is  cooled  its  temperature  is  said  to  decrease.  Temperature  is  not  the  quantity 
of  heat  associated  with  a  substance,  for  a  drop  of  water  may  possess  the  temperature  of  an 
ocean,  while  the  absolute  quantity  of  heat  possessed  by  the  latter  will  obviously  be  infinite  com- 
pared with  that  possessed  by  the  former.  In  the  case  of  a  unit  of  heat  (i  lb.  of  water  raised 
through  I**  F.),  we  haye  a  definite  amount  of  matter  which  has  its  temperature  increased  to  a 
definite  extent.  Two  substances  are  said  to  be  of  the  same  temperature  when,  on  being  placed 
in  contact,  there  u  no  change  as  regards  their  sensible  heat ;  if  they  have  different  tempera- 
toies  at  the  outset,  the  temperature  which  results  from  their  being  brought  into  contact  differs 
from  that  which  either  of  them  at  first  possessed.  Temperatures  are  measured  by  the  expan- 
sion of  a  solid,  liquid,  or  gas,  under  appropriate  conditions,  and  in  instruments  of  diyers  forms ; 
most  usually  by  the  expansion  of  a  liquid  in  an  instrument  called  a  thermometer.  The  standard 
temperatures  to  which  others  are  referred  are  usually  the  freezing  and  boiling  temperatures  of 
water,  other  temperatures  being  expressed  relatively  to  these.  ^Die  following  aro  some  remark- 
able temperatures,  according  to  Fahrenheit's  scale: — 


Absolute  zero  of  temperature, 

-458' 

Greatest  artificial  cold,    . 

—  220 

Greatest  natural  cold, 

•  -  91 

Mercury  melts, 

.  -  39 

Ice  melts,        .        .        •        . 

.  +  32 

Wax  melts,      .        .        •        . 

•      144 

Water  boils,    .        .        .        . 

.      212 

Sulphur  melts. 

•      239 

Mercury  boils,  .        .        • 

Bright  red  heat^ 
Silver  melts,      •        •        •        . 
Gold  melts,        .        .        •        • 
White  heat,       .        .        .        . 
Temperature  of  a  blast  fnraaoe^ 
Temperature  of  the  yoltaic  arc, 


662* 
1552 

1773 
2016 
2372 
3280 

3758 


The  greatest  artificial  cold  has  been  produced  by  rapidly  evaporating  in  a  yacnum  a  mixture 
of  liquid  nitrous  oxide  (^,0),  and  disulphide  of  carbon  (CS^).  The  greatest  natural  cold  was 
observed  by  Hansteen  m  55°  N.  Lat.  The  mean  December  temperature  of  Yakutsk  is  —44*5** 
F.  During  some  of  the  Polar  Expeditions  the  cold  has  been  so  intense  that  mercury  has  heea 
beaten  out  into  thin  plates.  The  greatest  heat  with  which  we  are  acquainted  is  that  of  the 
Yoltaic  arc,  the  temperature  of  which,  given  above,  is  on  the  authority  of  Becquerel,  but  aU 
extreme  temperatures  are  incapable  of  being  determined  with  any  approach  to  the  accura^  of 
more  moderate  temperatures.  (See  also  Pyrometer;  TherfMmder;  AlttUvie  Zero  of  Temr 
Tperatwrt,) 

TEMPORARY  STARS,  SPECTRA  OF.    See  Variable  and  Temporary  Start,  Spectra  of. 

TENACITY.  (Tenax,  from  tenere^  to  hold.  The  property  by  which  solids  resist  forces 
tending  to  separate^their  particles  from  one  another.  It  is  divided  into  absolute  and  retro- 
active. 

Absolute  tenacity  is  the  resistance  offered  to  a  force  tending  to  mdl  the  particles  of  a  body 
asunder,  and  overcome  their  cohesion.  It  is  estimated  by  the  weights  required  to  break  rods 
or  wires  of  the  various  substances  when  the  weights  are  suspended  from  them. 

Muschenbrceck's  experiments  give  the  following  results,  interpreted  thus  : — ^A  rod  of  elm  wood 
haying  a  horizontal  section  of  one-fourth  of  a  square  line,  breaks  when  a  weight  of  87  lbs.  is 
suspended  from  it ;  or  a  rod  of  elm,  having  a  horizontal  section  of  one-fourth  of  a  square  centi- 
metre, breaks  with  a  weight  of  918  kilogrammes : — 


Absolute  Tenacity  of 

Flnii   •  •  • 

Fir,     . 

Oak,   .  •  • 

Beech,  a  • 

Copper  Wire^  • 

Brass       „     • 

Lead, 

Tin, 

Glass  (white)^ 

Hempen  Cord, 

gioUsger^s  experimenti  giye  the  following 

Gold, 
Silver, 


$9 


Horisoiital  Seetlon. 
I  sgaan  Ubsl      s  i  square  eeatimstra. 

918  kilogs. 
600-929    „ 
1 150- 1466    „ 
1349-1586    „ 
2782 

3550 
272 

457 
14^-233 
350-360 


87lbt. 

57-88 
no- 140 


340 
26 

43 
14-22 

34-to 
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as  the  ratios  of  the  absolute  temadtJiw  of  the  metals:— 


150^955  "»- 
I9P»77I  •• 
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PlatinnTn, 
Copper,    .        . 
Soft  Iron  (Swediflh), 
Hard  Ixoii|       • 


262,361  lbs. 
304,696  „ 
362,927  „ 
559,880  „ 


The  tenacity  of  metah  nBoally  diminishes  as  the  temperature  innrmpcn.    Iron,  however,  is 
an  exception,  its  tenacity  being  greater  at  200*"  C.  than  at  loo**  C. 

Betroactive  tenacity  is  the  resistance  offered  to  a  force  tending  to  crash  a  body. 
The  foUowisg  weights  were  required  to  crush  cubes  of  the  substances — 


One  cubic  inch  of  Ehn, 

Deal, 
Oak, 

Cubes  of  zHnich  Bdge. 
Chalk, 
Bed  Brick, 

Fire  Brick,        .  • 

Porthmd  Stone, 
White  Statuary  Marble, 
Cornish  Granite, 
Dundee  Sandstone,       • 
Compact  Limestone,    • 
Black  Marble, 
Aberdeen  Griinite,        • 

CalMS  of  l|-lnoh  Edge. 

Cast  Iron,         •  • 

Cast  Copper,     •  • 

Tellow  Brass,  •  *  « 

Wrought  Copper,  • 
Cast  Tin, 

Cast  Lead,       .  • 


.     \  12S4  lbs. 
1928   „ 
3860   „ 

Bpedfle  Qrarity.     Crashing  Foroa. 

1,127  lbs. 


2*168 

2*428 
1760 
2*662 
2*650 
2*598 
2*697 
2*625 


1,817 

3,864 

9,776 

23,632 

14,302 

14,918 

17,354 
20,742 

24,580 

9,773 
7,3" 

10^304 

6,440 

966 

483 
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The  following  results  were  obtained  with  bars  of  the  Tarious  metals,  6-inche8  long,  and  -l-incli 
square ;  when  suspended  by  nippers  they  were  broken  by  the  weights  given  in  the  table: — 


Cast  Iron,  horizontal,         •        •         1 166  lbs. 
Cast  Iron,  vertical,    .         .        •         1218 
Cast  Steel,         ....        8391 
Swedish  Iron,  reduced  by  the  hammer,  4504 
English  Iron,  „  „  3492 


n 
if 


Hard  Gun  Metal, 
Wrought  Copper, 
Cast  Copper,     • 
Cast  Tin, 
Cast  Lead,         • 


2273  lbs. 
21 12   „ 

"92    » 
296   „ 

"4   » 


The  experiments  of  Stephenson,  Fairbairn,  and  Hodgkinson  on  cast  iron,  showed  the  retro- 
active tenacity  te  be  on  an  average  5*7  times  greater  than  the  absolute  tenacity.  The  latter, 
calculated  from  experiments  on  the  resistance  to  direct  tension,  was  foxmd  to  be  10  to  ii  kilo- 
grammes for  a  square  millimetre. 

Fairbairn  and  Tate  have  investigated  the  absolute  tenacity  of  glass,  with  the  following 
results: — 

Absolute  tenacity,  determined  from  resistance  of  glass  globes  to  internal  pressure: — 

Flint  glass,  specific  gravity  3*078,        •        •        4200  lbs. 
Green  glass,  specific  gravity  2*528,       •        •        4800,, 
Crown  glass,  specific  gravity  2*450       •        •        6000  „ 

The  resistance  of  glass  to  crushing  was  estimated  by  two  methods ;  in  the  first,  small  cylin- 
ders were  used ;  in  tiie  second,  cubes  of  glass,  which  were  crushed  between  parallel  steel  6ur> 
faces  by  means  of  a  lever.  The  results  in  the  case  of  the  cylinders  are  considered  more  accurate, 
as  the  cubes  were  cut  from  much  laxger  portions  of  glass  than  the  cylinders,  and  were  probably 

less  thoroughly  annealed. 

Hesn  Cnuhing  Weight  in  lbs.  per 

■quare  Inch. 

For  Cylinden.        For  Cubes. 

Flint  glass,  •  •  •  27,582 

Green  glass,  •  •  •  3^,87^ 

Crown  glass,  •  •  •  3^003 


13,130. 
20,206. 
21,762. 


For  Fairbairn  and  Tate's  complete  investigation,  see  Proceedings  of  Bqyal  Society,  x.  6.    For 
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other  papers  coimeoted  with  the  subject,  see  Mr.  Rennie's  paper  on  Hesistances  to  Cmahing, 
Phil.  Trans.,  l8i8,  Part  L,  and  the  **  Britannia  and  Conway  Tabular  Bridges,"  London,  1850^ 
for  Stephenson,  Fairbaim,  and  Hodgkuuon's  experiments  on  cast  iron.     See  also  Coketion. 

TENSION.    {Tendo,  to  stretch.)    See  TrantmistibilUy  of  Forces. 

TENSION,  ELECTRIC.  A  word  employed  to  denote  that  property  of  the  galvanic 
battery  which  gives  rise  to  a  current  of  electricity  when  the  terminals  of  the  battery  are  joined 
by  a  wire.  It  is  proportional  to  potential  or  difference  of  potentials.  The  use  of  the  word  is, 
however,  rather  vague  and  considerably  varied  by  different  writers.  In  speaking  of  statical 
electricity,  it  is  frequently  defined  to  be  proportional  to  that  whidi  we  have  cidled  electric 
density,  that  is,  the  quantity  of  electrity  per  unit  area  at  a  point,  and  sometimes  as  the  force  or 
pressure  tending  to  c^ect  discharge  of  an  electrified  body. 

TENSION  OF  LIQUID  SURFACES.  It  appears  that  the  surfaces  of  Uquids  are  in  a 
somewhat  higher  state  of  tension  than  the  interior  portions,  and  that  liquids  may,  therefore, 
when  exposed  to  the  air,  be  supposed  to  be  inclosed  in  liquid  films  or  skins.  No  direct  evidence 
has  been  gathered  of  the  existence  of  such  films,  but  certain  phenomena  can  scarcely  be 
explained  on  any  other  supposition.  The  fact  that  a  drop  of  a  liquid  may  rest  for  a  time  on 
the  suriaoe  of  the  same  liquid  points  to  a  resistance  to  rupture  of  one,  probably  both  surfaces. 
The  phenomena  of  movement,  when  certain  volatile  substances,  such  as  camphor,  are  placed  in 
contact  with  water,  are  now  generally  admitted  to  be  due  to  the  diminution  of  the  tension  of 
the  superficial  liquid  film  where  it  is  in  contact  with  the  vapour  of  the  substance.  That  the 
Uquid  film,  when  approximately  isolated,  possesses  great  cohesion,  is  seen  in  the  bubble,  very 
perfectly  exhibited  in  the  glycerine^oap  bubble.  A  bubble  covering  a  flat  ring  would  itself  he 
flat  if  not  acted  on  by  ext^ml  forces,  such  as  gravity ;  and,  if  the  film  be  thin,  it  will  have 
sensibly  a  flat  form.  It  is  in  this  form,  in  fact,  that  tiie  mean  approximation  of  the  parts  to 
one  another  is  greatest.  And  the  form  is  therefore  determined  by  the  exertion  of  cohesion.  It 
follows  that  when  the  form  is  disturbed  so  as  to  give  the  bubble  £\m.  a  curved  surface,  the  effort 
to  the  plane  will  be  alwavs  towards  the  convex  side,  and  this  effort  will  be  greater  on  the  same 
unit  of  surface  for  a  small  bubble  than  for  a  Iaw  one,  because  the  departure  from  the  plane  is 
greater  in  the  former  than  in  the  latter  case,  ^e  radius  of  curvature  is  less  in  the  former  than 
in  the  latter  case.  The  actual  force  exerted  by  the  entire  circumference  of  a  bubble  in  con- 
tracting may  be  measured  by  blowing  such  a  bubble  on  a  tube,  and  plunging  the  other  end  of 
the  tu^  in  a  vessel  of  water ;  whereupon  the  effort  of  the  bubble  to  contract  will  be  measured 
by  the  depression,  below  tiie  general  level,  of  the  surface  of  the  water  in  the  tube.  In  the  same 
way,  the  pressures  exerdsed  by  a  segment  of  a  sphere  may  be  determined  by  blowing  such  a 
bubble  on  the  mouth  of  a  funnel,  the  elongated  neck  of  which  is  immersed  in  water.  Laplace 
and  Poisson  have  proved  that  the  figure  of  a  closed  bubble,  when  not  acted  upon  by  external 
forces,  must  be  the  spherical. 

TENSION  OF  VAPOUR.    See  ElasUe  Force  cf  Vapour, 

TERBIUM.    A  very  rare  metal  occurring  with  Yttrium  and  Erbium.    Its  existence  is, 
however,  doubted  by  some  chemists,  and  its  compounds  are  almost  unknown.     (See  Erbium,) 
*  TERMINATOR.    In  astronomy  the  boundary  between  the  illuminated  and  dark  portions 
of  the  moon's  disc.     

TERRESTRIAL  EYE-PIECE.    See  EreeUng  Eye^neee,  and  Eyepiece, 

TERRESTRIAL  TELESCOPE.  A  telescope  to  which  an  erecting  eye-piece  is  attached 
■o  as  to  give  an  erect  image. 

TEST  OBJECTS.  Objects  mounted  for  microscopic  examination  for  the  purpose  of  testing 
the  defining  and  resolving  power  of  object  glasses.  Muy  natural  objects  are  used  as  tests, 
such  as  tiie  scales  of  the  LepOoptera  and  the  Podwra.  The  most  trustworthy  test  objectw  how- 
ever, is  a  plate  of  glass  ruled  with  parallel  lines  of  various  degrees  of  doaeness.  Nobert  s  test 
plates  are  marveli  of  ™*^1"'tia  ruling,  soma  of  the  lines  being  only  tie  l-ioo^oooth  of  an  inch 
apart    (See  Mierosoofpe,) 

THALLiUM.  (9aXX6f,  a  green  bud.)  A  metalUo  element  discovered  by  Crookes  in  1861 
by  means  of  spectrum  analysis.  In  the  pure  state  thallium  is  a  white  lustrous  metal  resembling 
^qulmiiini  in  colour.  At  tiie  ordinary  temperature,  a  freshly-cut  surface  tarnishes  instantiy. 
Specific  gravity,  1 1*8  to  1 1*9 ;  atomic  weight,  203 ;  symbol,  Tl.  It  is  the  softest  metal  wUdh 
admits  of  free  exposure  to  the  air,  being  much  softer  than  lead  ;  it  is  veiy  malleable,  but  only 
sliffhtly  ductile— two  pieces  of  thaJlinm  weld  together  by  strong  pressure  in  the  cold.  Thallium 
mdts  at  293*9*  C.  (561"  F.),  volatilises  at  a  bright  red  heat,  and  may  be  distilled  in  a  current 
of  hydrogen.  When  thallium  or  anv  of  its  compounds  is  introduced  into  a  colourless  flame,  it 
imparts  an  intense  green  to  it,  and  its  spectrum  is  seen  to  be  absolutely  monoKdiromatie,  con- 
sisting of  an  intensely  brilliant  and  sharp  green  line  ;  it  therefore  gives  the  simplest  spectrum 
of  any  known  element.    Thallinm  is  strongly  diamagnetio ;  it  forms  two  ojddea— the  protoKUk 
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(TI«0),  and  the  inqwioxide  (Tl^Os).  The  former  is  soluble  in  water,  and  has  alkaltiw  propertiea. 
It  unites  with  adds,  forming  a  well  defined  series  of  ciystaliine  salts.  Metallic  th^Hinm  b 
easily  obtained  by  heating  its  oompoonds  with  reducing  agents ;  in  this  respect  it  strongbf  re- 
sembles lead. 

THALLIUM,  SPECTRUM  OF.  Wh^  a  compound  of  thallium,  or  a  piece  of  the  metal 
melted  upon  the  end  of  a  platinum  wire,  is  held  in  a  colourless  spirit  or  gas  flame,  it  inqiarti 
an  intense  green  colour  to  the  flame ;  and  when  tlus  is  examined  in  the  spectroscope,  its  ^lee- 
trum  is  seen  to  consist  of  a  single  green  line.  The  green  light  of  incandescent  thAllinm  ia  there- 
fore perfectly  homogeneous.    (See  Spectrum  AnalytU;  MonoekromaHc  Light.) 

THAUMATROFE.  {Savfta,  wonder ;  and  rpiruf,  to  turn.)  A  toy  invented  by  Dr.  Vara, 
to  illustrate  the  persistence  of  visual  impressions  on  the  retina.  Two  images,  having*  relatioa 
to  each  other  (su<m  as  a  jockey  and  a  horse),  are  painted  one  on  each  side  of  a  disc  of  caidboard. 
By  means  of  two  strings,  the  disc  is  then  put  into  rapid  rotation  when  the  images  become  super* 
posed  on  the  retina,  and  the  jockey  appears  to  be  seated  on  the  hone.    (See  Penutenee  of  VitiomJ^ 

THEXNE.  An  oiganio  substance  extracted  from  tea ;  it  is  chemically  the  same  aa  Caffeine 
{q.v.) 

THEORY  OF  EXCHANGES.  In  discussing  the  reflection  of  heat,  we  have  desoibed 
an  experiment  in  which  two  parabolic  mirrors  are  pUced  face  to  face,  when  a  source  oi  heat  ia 
the  focus  of  one  of  them  causes  an  indication  of  reflected  heat  in  the  other  by  the  ignition  d 
inflammable  substances.  In  place  of  the  source  of  heat,  Piotet  placed  a  piece  of  ice  in  the  focos 
of  a  mirror,  and  observed  that  a  thermometer  in  the  focus  of  the  opposite  mirror  indicated 
cold ;  in  fact,  cold  appeared  to  be  reflected  like  heat.  In  speculating  on  the  cause  of  this,  Pro- 
fessor Prevost  was  led  to  propound  his  Tkeory  cf  Bxekangetf  which  was  first  made  known  ia 
1 79 1,  through  the  medium  of  the  Journal  de  Phytique,  According  to  Provost,  we  have  in  the 
above  experiment  no  reflection  of  cold ;  an  interdiange  of  heat  is  perpetually  going  on  between 
all  substances ;  they  are  radiating  heat,  and  if  they  nuliate  more  than  they  receive,  the  tempera- 
ture falls,  while,  if  they  receive  more  than  they  radiate,  the  temperature  rises.  When  a  souroe 
of  heat  is  placed  in  the  focus  of  a  mirror,  and  a  thermometer  in  the  focus  of  an  opposite  miiror, 
the  mercuxy  rises  because  the  thermometer  receives  more  heat  than  it  emits ;  \dien  ice  takes 
the  place  of  the  source  of  heat  the  mercury  falls,  because  it  gives  out  more  heat  than  it  receives. 
Even  substances,  which  are  at  the  same  temperature,  are  supposed  to  be  radiating  heat  to  one 
another,  and  their  temperature  remains  unchanged,  because  they  radiate  to  surrounding  sub- 
stances, just  as  much  heat  as  they  receive  from  surrounding  substances.  This  was  called  by 
Prevost  a  condition  of  mobile  equilibrium  of  temperature.  There  is  a  peipetual  communication 
of  the  motion  called  heat  to  the  ether,  and  absorption  of  it  from  the  ether,  and  when  a  sub- 
stance gains  more  than  it  loses,  it  becomes  heated ;  while,  when  it  loses  more  than  it  gains,  it 
becomes  chilled.  A  very  complete  account  of  the  more  recent  developments  of  the  theory  of 
exchanges  is  given  by  Dr.  Balfour  Stewart  in  his  Treatite  on  Heat^  in  which  he  shows  that 
radiation  of  heat  takes  place,  not  only  exteriorly  from  surface  to  surface,  but  also  within  them. 
*<  In  the  interior  of  substances,  as  well  as  in  the  air  or  vacuo,  a  stream  of  radiant  heat  is  con- 
stantly  passing  and  repassing  in  all  directions ;  and,  in  the  case  of  constant  temperature,  as 
this  stream  of  heat  pasaes  any  layer  of  particles,  it  is  just  as  much  diminished  by  the  absorbing 
action  of  these  particles,  as  it  is  recruited  by  their  radiation,  so  that  the  stream  flows  on  vir- 
tually unchanged  both  in  quantity  and  quality,  until  at  last  it  reaches  the  surface.'* 

The  same  authority  hM  put  Provost's  theory  of  exchanges  into  the  following  concise 
f  onns : — 

"I.  If  an  enclosure  be  kept  at  an  uniform  temperature,  any  substanoe  suixounded  by  it 
on  all  sides  will  ultimately  attain  that  temperature. 

"  2.  All  bodies  are  constantly  giving  out  radiant  heat,  at  a  rate  depending  upon  their  sub- 
stance and  temperature,  but  independent  of  the  substance  or  temperature  of  the  bodies  that 
surround  them. 

"  3.  Consequently,  when  a  body  is  kept  at  an  unifonn  temperature,  it  receives  back  just  at 
much  heat  as  it  gives  out." 

THERMAL  CONDUCTIVITY.    See  CandueHim  of  HeaL 

THERMAL  RESISTANCE.    See  Conduction  of  Beat, 

THERMAL  UNIT.    {e4pfiV3  heat ;  unut,  one.)    See  Unit  pfffeai. 

THERMODYNAMIC  ENGINE.    See  HeaJt-Engine, 

THERMO-DYNAMICS.  (Oiptjai,  heat ;  dt^fuf,  force.)  We  have  elsewhere  stated  that 
heat  iei  convertible  into  mechanical  work,  and  vice  vena.  Now  the  laws  whidb  regulate  these 
changes,  and  which  bind  them  together  into  one  systematic  whole,  constitute  the  science  of 
Therntuhdynamice,  In  the  article  Seat  we  have  traced  the  rise  of  this  science,  and  dis- 
cussed certain  phenomena  connected  with  it^  both  there  and  in  treating  of  the  stwrcet  <tf  heuL 
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We  may  here  mention  some  of  the  deductions  of  Buikine,  Clansins,  and  Sir  W.  Thomson,  who 
have  done  mndi  to  develop  this  sdence.  The  original  memoirs  of  Glaosins  are,  for  the  most 
part,  in  Poggendorf*B  Annalen,  between  1850-60,  while  those  of  Kankine  and  Thomson  are  in 
the  PkUotophical  TnnModioiM,  the  Trantactiani  of  the  Boyal  Society  of  Edmburgh,  the  PkUo- 
9opkical  Magcutine,  and  elsewhere.  They  contain  a  fall  mathematical  treatment  of  various 
branches  of  the  sabject,  which  we  cannot  reproduce  here.  Professor  Rankine  defines  the  fivst 
law  of  thermodynamics  as  foUows : — ''Heat  and  motive  power  are  mutually  convertible,  and* 
heat  requires  for  its  production,  and  produces  by  its  disappearance,  motive  power  in  the  pro- 
portion of  772  foot-pounds  for  each  Fahrenheit  unit  of  heat This  law  may  be  consider^ 

as  a  particular  case  of  the  application  of  two  more  general  laws,  viz : — i.  AU  forms  of  energy 
are  convertible.  2.  The  total  energy  of  any  substance  or  system  cannot  be  altered  by  the 
mutual  action  of  its  parts."  The  second  law  he  defines  thus  : — *'  If  the  total  actual  heat  of  a 
homogeneous  and  uniformly  hot  substance  be  conceived  to  be  divided  into  any  number  of  equal 
parts,  the  effects  of  those  parts  in  causing  work  to  be  performed  will  be  equal." 

The  application  of  certain  principles  of  thermodynamics  to  various  phenomena  of  the 
universe  has  been  before  alluded  to  in  connection  with  the  origin  of  the  heat  of  the  sun,  and 
Sir  W.  Thomson  has  treated  the  meteoric  theory  of  the  sun  mathematically  with  great  skilL 
Although  the  heat  of  the  sun  may  have  been  originally  produced  by  the  collision  of  meteoric 
matter,  he  does  not  consider  that  it  can  be  so  maintained.  He  has  calculated  the  following 
table,  which  shows  the  amount  of  heat  of  gravitation — that  is,  heat  whidi  would  be  pro- 
duced, by  the  collision  of  the  various  bodies  named,  with  the  sun,  in  terms  of  the  total  solar 
emission: — 

Hsat  produced  equal  to  the  total  «iwi«rfftn 
of  haat  Crom  the  snu  for 

Mercury, 6  years,  214  days. 

Mars, 12    „      252    „ 

Venus, 83    ».      227    „ 

Earth, 94    ,,      302    ^ 

Uranus, 1610    „ 

Neptune, 1890    „ 

Saturn, 9^50    ft 

Jupiter, 32,240    „ 

That  is  to  say,  if  the  earth  fell  into  the  sun,  the  quantity  of  dynamic  ener]^,  which  it  poaeSMd 
when  in  motion,  would,  when  converted  by  the  coUision  into  heat,  be  sidmcient  to  provide  for 
the  total  solar  emission  for  nearly  95  years ;  and  the  heat,  resulting  from  the  fall  of  all  the 
above  planets  into  the  sun,  would  provide  for  the  solar  emission  for  45,585  years.  (See  also 
Meat;  Heat^  Soureet  of;  MeohamoaX  Equivalent  offfeaL) 

THERMO-CURRENT.  The  current  produced  by  heating  unequally  a  compound  circuit, 
consisting  of  two  or  more  different  metals,  is  called  a  thermoKmrrent.    (See  Thermo-dedridtjf,) 

THERMO-ELECTRIC  BATTERY.    See  BaUery,  Tkermo-tUctrie. 

THERMO-ELECTRICITY.  Electric  excitement  results,  under  certain  ohrcumstanoee,  from 
the  action  of  heat,  and  the  effects  thus  produced  ace  treated  of  under  two  heads,  Pyro-eUctrieUy, 
and  Thermo-dectridiy. 

Seebeck,  in  1 82 1 ,  found  that  on  raising  the  temperature  of  one  of  the  junctions  of  a  circuit,  com- 
posed of  two  or  more  metals  above  that  of  the  other  junctions,  an  electric  current  is  generated,  the 
direction  of  which  depends  upon  the  nature  of  the  metals  used,  and  he  called  such  currents  thermo- 
eUetrie,  The  same  is  true  if  one  of  the  junctions  be  cooled.  Beoquerel  showed  that  if  to  the  extre- 
mities of  a  delicate  galvanometer  coil  be  attached  the  ends  of  a  platinum  wire,  on  whit^  a  knot  is 
tied,  and  if  the  wire  be  heated  near  to  the  knot,  a  current  is  produced,  whose  direction  changes 
according  as  the  heat  is  appHed  on  one  side  or  other  of  the  knot.  In  fact,  in  any  non-homo- 
ffeneous  circuit,  if  heat  be  applied  near  to  a  place  where  want  of  uniformity  and  irregularitj 
begins,  a  current  is  set  up.  Let  a  copper  wire  have  one  of  its  ends  twisted  together  with  an 
Ircm  wire,  and  let  the  other  extremities  of  this  pair  of  metals  be  attached  to  a  galvtoometer,  then 
on  nearing  the  point  at  which  the  copper  and  iron  are  in  contact,  a  current  is  produced,  which 
flows,  unless  the  heat  be  too  great  (see  below)  from  the  copper,  to  the  iron  through  the  heated 
point.  Or,  again,  if  a  piece  of  copper  wire  be  cut  in  two,  and  if  one  of  the  ends  of  each  half  be 
attached  to  the  ^vanometer,  then  on  heating  one  of  the  free  ends,  and  presainff  it  against  the 
other,  a  current  is  at  once  set  up^  which  pasMs  from  the  hot  to  the  odd  throu^^  the  junction. 
Or  in  a  wire,  one  part  of  which  nas  been  hammered,  twisted,  or  otherwise  steained,  and  the 
other  not,  or  if  one  part  has  been  annealed,  and  the  other  not,  a  current  is  always  obtained  whan 
heat  is  applied  at  the  )>lace  where  change  of  molecular  structure  begins. 

Am  we  have  said,  when  one  junction  of  two  metals  is  kept  at  a  different  temperature  from 
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the  other,  a  current  is  generated.  The  direction  of  the  current,  and  the  electromotive  fane 
depend  upon  the  nature  of  the  metals,  and  also  to  a  certain  extent  upon  the  temperaUiie  at 
which  the  whole  circuit  is  before  one  of  the  junctions  is  made  to  vazy  from  it.  For  any  one 
temperature  a  table  may  be  constructed,  in  which  the  metals  are  arraoged  in  order,  such  tibat 
any  two  of  them  being  taken  together,  and  one  of  the  junctions  varied  a  Uttle  from  that 
perature,  the  direction  of  the  cuzrent  is  indicated  by  their  position  in  the  table.  '^■'-'^*--' 
gives  the  following  : — 


Bismuth,           « 

2S 

Cobalt, 

9 

Potassium, 

5*5 

German  Silver, 

5"2 

Nickel, 

5 

Sodium, 

3 

A         Mercury,          < 

2-5 

/ 

^        Aluminium,      . 

1*3 

o 

Magnesium, 

1*2 

Lead,    . 

1*03 

Tin,       . 
^        Copper, 
^        Platinum, 

Silver,   •           , 

Gas  Coke, 

Zinc,     • 

Iron, 

Antimony, 

Tellurium, 

• 

•           « 

I 

I 

07 
0 

—  0*05 

—  0-2 

•      -5 
-10 

.    -179 

This  table  gives  the  order  of  the  metals  between  ao^  and  100**  F.  The  arrows  indicate  the 
direction  of  the  current  through  the  hot  or  the  cold  junction,  and  the  numbers  express  the  eleo> 
tromotive  force  of  different  pairs  of  metals  compared  with  that  of  a  copper  and  silver  pair  taken  as 
unity.  For  example,  the  current  between  a  pair  of  wires  of  Grerman  silver  and  aluminium  would 
flow  from  the  former  to  the  latter  though  hot ;  and  the  electromotive  force  is  found  by  taking 
the  difference  of  the  numbers  5  *2  and  I  '3,  that  is,  it  equals  3*9  times  the  electromotive  tcroe  (d 
a  copper  and  silver  pair.  Agun,  the  electromotive  force  between  Gennan  silver  and  iron  is 
y2  —  (~  5),  or  5*2  +  5,  or  10*2.  It  appears,  thereforo,  that  the  best  effect  would  be  obtained 
from  a  pair  of  bismuth  and  tellurium ;  we  should  obtain  from  them  an  electromotive  force  of 
204.  Tellurium  ia  however  very  difficult  to  obtain,  and  bismuth  and  antimony  are  always  made 
use  of  in  constructing  thermo-electric  batteries.     (See  BaUery;  and  TkermopiU.) 

Thermoelectric  Invertion.  The  table  just  given  expresses,  as  we  have  said,  the  order  of  tiie 
metals  at  a  particular  temperature.  Cumming,  in  1823,  discovered  that  the  order  of  the  metaJs 
depends  upon  the  temperature  at  which  the  experiment  is  made,  but  his  observations  and  those 
of  Becquerel  on  the  same  subject  attracted  little  notice  till  the  matter  was  taken  up  by  Tham> 
son.  The  last  named  added  to  the  list  already  commenced  a  large  numb^  of  new  cases  of 
thermo-electric  inversions,  and  by  lus  discovery  of  electric  conveeUon  of  heat  threw  a  new  light 
upon  the  subject.  The  phenomenon  of  inversion  is  easily  shown.  Let  a  compound  circuit  of 
copper  and  iron  be  attached  to  the  galvanometer,  and  at  common  temperature  let  one  of  the 
copper  and  iron  junctions  be  heated  above  the  other,  the  current  will  pass,  as  indicated  by  the 
list  which  we  have  given  above,  from  copper  to  iron,  through  the  hot  junction.  Now,  let  both 
junctions  be  wanned  up  to  550"  F.,  a  constant  small  difference  being  maintained  between  the 
temperatures  of  them,  it  wiU  be  found  that  at  a  certain  temperature  no  current  passes,  and  that 
above  this  temperature  the  current  flows  in  the  opposite  direction,  namely,  from  iron  to  copper, 
through  the  hotter  junction.  In  a  paper  published  in  the  Phil.  Trans.,  1856,  Sir.  W.  Thomson 
gives  a  diagram,  in  which  the  neutral  points  are  displayed  for  a  large  number  of  wires,  and  he 
comes  to  the  conclusion,  that  instead  of  a  single  list  to  show  the  direction  and  amount  of  the 
thermo-electric  current,  it  is  necessary  to  give  a  Ust  at  each  particular  temperature,  or  a  series 
of  curves  to  represent  them.    The  following  lists,  at  two  temperatures,  make  this  plain. 
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Ordwr  tt  o<»  C.  (jaS  P.)  Order  at  3oo»  0.  (57*?  F.) 

Antimony.  Antimony, 

Iron.  Cadmium* 

Cadmium.  Zinc. 

Gold.  Gold. 

Silver.  Silver. 

Platinum  (i.)  Copper. 

Zino.  Iron,    j 

Copper.  Brass. ) 

Platinum  (2.)  Lead. 

Lead.  Tin. 

Tin.  Platinum  (l.) 

Brass.  Platinum  (2.) 

Platinum  (3.)  Platinum  (3.) 

Mercury.  Mercury. 

Palladium  Palladium, 

KickeL  NickeL 

Bismuth*  Bismuth. 

The  three  spedmens  of  platinum  marked  (l),  (2^  (3)»  were  probably  alloyed  to  different  de- 
grees with  other  metals. 

ThervMl  tffecU  produced  hy  a  current  Peltier,  in  1834,  showed  a  phenomenon  the  converse 
of  that  which  we  have  been  concerned  with.  On  passing  a  ^vanic  current  through  a  circuit 
composed  of  two  different  metals,  he  found  that  one  of  the  junctions  is  heated,  and  the  otiier 
cooled  bv  it.  This  may  be  exhibited  in  the  following  way  :  —  Let  a  circuit  be  formed  of  two 
bars  of  bismuth  with  one  of  antimony  between  them ;  and  let  a  gentle  current  be  sent  throu^ 
it,  it  will  be  found  that  the  junction  at  which  the  current  passes  m)m  bismuth  to  antimony  is 
cooled,  while  that  at  which  the  current  passes  from  antimony  to  bismuth  is  heated.  If,  for 
example,  a  few  drops  of  cold  water  be  placed  in  a  hollow  at  each  of  the  junctions,  it  will  be 
f  rosen  at  the  one  and  warmed  at  the  other ;  or  if  one  junction  be  included  in  the  bulb  of  an  air 
thermometer,  and  the  current  passed  first  in  one  direction  and  then  in  the  other,  the  heating 
and  cooling  are  easily  diaplayea. 

Thermo-electricity  is  much  employed  as  a  me^ns  of  measuring  temperature.  Cumming  first 
made  tise  of  it,  and,  afterwards,  Nobili  improved  the  method  in  1834.    (See  TkertnopiU,) 

THERMOMETER.  (Bipiuti,  heat ;  iinrpiv,  to  measure.)  Although  literally  a  measurer  of 
heat^  the  instrument  known  as  the  thermometer  does  not  measure  abrolute  quantities  of  heat ; 
it  serves  to  indicate  variations  of  sensible  heat  in  two  or  more  bodies — that  is,  to  show  whether 
one  substance  contains  more  or  less  sensible  heat  than  another,  and  the  relationship  between 
such  differences.  Thermometers  are  based  upon  the  facts  that  heat  expands  substances,  and 
that  the  same  substance  always  possesses  the  same  volume  at  a  given  temperature — that  is^ 
when  it  has  a  given  amount  of  sensible  heat  associated  with  it^  and  changes  its  volume  equally 
for  the  same  change  of  temperature. 

The  invention  of  the  thermometer  has  been  attributed  to  various  philosophers  of  the  seven- 
teenth century.  Some  have  given  the  credit  of  the  invention  to  Galileo,  others  to  Sanctorio  of 
Padua^  Cornelius  Drebbel  of  Alcmaer,  and  to  Robert  Fludd.  There  seems  to  be  every  reason 
for  the  belief  that  Gralileo  and  Drebbel  were  first  acquainted  with  it,  but  whether  they  dis- 
covered it  separately  or  not  is  uncertain.  It  is  probable  that  Galileo  invented  the  air-theimo- 
meter  about  1602.  Castelli,  in  writing  to  Ferdinand  Cesarini  in  1638,  says,  "About  this  time 
I  remembered  an  experiment  which  our  Signer  Galileo  had  shown  me  more  than  thirty-five 
years  ago.  He  took  a  glass  bottie,  about  the  size  of  a  hen's  egg,  the  neck  of  which  was  two 
palms  long,  and  as  narrow  as  a  straw.  Having  well  heated  the  bulb  in  his  hands,  he  placed  its 
mouth  in  a  vessel  containing  a  little  water,  and,  withdrawing  the  heat  of  his  hand  from  the 
bulb,  the  water  instanUy  rose  in  the  neck  more  than  a  palm  above  the  level  of  the  water  in  the 
vessel.'*  This,  in  fact,  was  an  ordinary  air-thennomeier,  which  indicates  differences  of  tem- 
perature by  the  increased  or  diminished  volume  of  a  mass  of  air  enclosed  in  a  glass  bnlb»  oom- 
munioating  with  a  column  of  liquid,  which  ascends  or  descends  according  as  the  air  above  it 
contracts  or  expands.  Galileo  i^pears  to  have  divided  the  stem  of  his  instrument  into  a  num- 
ber of  divisions  ;  but  a  thermometer  of  this  nature  is  affected  by  the  pressure,  as  well  as  by 
the  temperature  of  the  air,  and,  as  a  heat'measurer,  is  in  this  form  quite  untrustworthy.  It  u 
frequently  spoken  of  as  a  wtatiier-gUui  by  old  writem ;  for  the  air-thermometer  served  the  pur- 
pose both  of  weather-glass  and  thecmometer  from  th«  time  of  its  invention  until  the  disooveiy 
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of  the  barometer  by  Toirioelli,  and  the  invention  of  the  spirit-thennometer  by  the  FIoreiKtuie 
Academicians.  It  was  used  by  Galileo,  Baoon,  and  many  philosophers  of  the  first  half  of  the 
seventeenth  century.  The  thermometer  of  Drebbel  was  also  an  air-thermometer.  The  spirit- 
thermometer  was  invented  by  some  of  the  members  of  the  Accademia  del  Cimento  in  1655  or 
1656.  It  consisted  of  a  glass  bulb  with  a  long  stem,  and  was  filled  with  alcohol,  then  faiieated 
00  as  to  drive  out  all  air  from  the  tube,  the  open  end  of  which  was  sealed—in  fact,  it  was  m 
rough  form  of  the  liquid-thermometer  of  the  present  day.  The  temperature  was  measured  bj 
the  expansion  of  the  alcohol,  indicated  by  small  knobs  of  glass  stuck  to  the  side  of  the  tabe^ 
and  forming  a  very  rough  graduation.  The  only  one  we  have  ever  seen  was  about  7  indici 
long,  and  of  a  slightly  opalescent  glass  (possibly  the  result  of  age).  The  bulb  was  neszlj  an 
Inch  diameter,  and  the  small  knobs  of  glass  affixed  to  the  stem  were  rather  larger  than  pins' 
heads.  Many  of  these  spixit-theimometers,  posseasing  vei^  various  shupeiB,  are  figured  in  the 
^*  Saggi  di  Naturali  esperiemCf  fattt  ndV  Accademia  dd  Cimento,*'  published  in  1667.  1^ 
spirit-thermometer  of  tiie  Academy  of  Cimento  possessed  the  great  advantage  over  those  of 
Galileo  and  Drebbel,  that  it  was  unaffected  by  the  pressure  of  the  air.  Edmund  Halley  in- 
troduced mercury  in  place  of  alcohol  about  the  year  i68a  Otto  Von  Guericke  was  the  first 
to  propose  the  freezing-point  of  water  as  the  lowest  limit  of  the  scale,  while  "Rftw-lHim^  in 
1694,  proposed  the  boiBng  and  freezing-points  of  water  as  the  opposite  limits  of  the  thecmo- 
metric  scale. 

The  instrument  most  used  in  the  present  day  for  the  indication  of  temperature  is  the  mer- 
curial thermometer,  the  construction  of  which  depends  on  tiie  fact  that  mercury  increases  in 
volume  under  the  action  of  heat  to  a  much  greater  extent  than  glass.  If,  therefore,  we  hare  a 
volume  of  mercury  in  a  closed  glass  envelope,  and  in  ooimection  with  a  capillary  tube,  we  are 
able  to  appreciate  a  variation  of  temperature  by  the  position  of  the  column  of  mercury  in  the 
tube,  certain  fixed  positions  being  given  and  established.  The  expansion  of  mercury  in  a  tliei^ 
mometer  tube  for  a  certain  increment  of  heat  is  obviously  not  the  absolute  expansion  of  the 
mercury  for  that  amount  of  heat,  but  the  difference  between  the  expansion  of  the  mercury,  and 
the  glass  envelope  which  contains  it.  In  order  to  construct  a  mercurial  thermometer,  a  ^aas 
bulb  (usually  about  half  an  inch  in  diameter)  is  blown  at  one  end  of  a  c^illaxy  tube.  The 
bulb  is  then  heated  so  as  to  expel  some  of  the  air  which  it  contains,  and  the  open  end  of  the 
capillary  tube  is  dipped  ioto  mercury.  As  the  air  in  the  bulb  cools,  it  contracts,  and  a  certain 
amount  of  mercury  is  forced  up  into  the  bulb  by  atmospheric  pressure.  The  mercury  in  the 
bulb  is  now  boiled,  so  as  to  expel  all  air  from  the  tube,  and  when  it  is  entirely  full  of  memny 
vapour,  the  open  end  is  again  dipped  into  mercury,  which  rises  and  fills  both  bulb  and  stem. 
The  bulb  is  next  heated  to  a  higher  temperature  than  the  thermometer  Is  desired  to  indicate^ 
which  causes  some  of  the  mercury  to  flow  from  the  open  end  of  the  capillary  tube.  This  end  is 
finally  sealed  while  the  mercury  in  the  bulb  is  hot,  by  fusing  the  glass  at  the  orifice.  As  tiie 
mercury  cools  it  contracts,  leaving  a  portion  of  the  capillsry  tube  unoccupied ;  and  this  is  a 
perfect  vacuum  as  regards  air,  and  contains  at  most  but  an  extremely  minute  quantity  of  mra^ 
cury  vapour.  When  such  an  instrument,  having  attained  the  surrounding  atmospheric  tem- 
perature, is  warmed,  the  glass  bulb  and  the  mercury  within  it  expands,  and  the  latter  rises  in 
the  capillary  tube.  If  glass  and  mercury  expanded  equally,  there  would  be  no  rise  of  mercury 
in  the  tube,  but  for  an  equal  amount  of  heat  mercury  expands  nearly  twenty  times  more  than 
glass,  hence  the  thermometric  indication.  The  delicacy  of  the  instrument — that  is,  the  amount 
of  ascent  of  the  mercury  in  the  tube  for  any  given  increment  of  heat — depends  un  the  relation 
between  the  size  of  the  bulb  and  the  size  of  the  capillary  tube.  Thus,  it  is  obvious,  other 
things  being  equal,  that  a  thermometer,  with  a  very  fine  bore,  wUl  be  more  delicate  than  one 
with  a  larger  bore,  and  that  a  thin  flat  capillary  tube  will  be  more  delicate  than  a  cylindiical 
tobe  of  the  same  breadth. 

Thus  far  we  have  simply  an  instrument  which,  on  being  heated,  will  indicate  that  fact  by 
the  rise  of  mercury  in  a  tube,  and,  on  being  cooled,  will  similarly  show  a  fall  of  the  m^cmy. 
In  order  to  acquire  some  idea  of  the  degree  of  change  of  temperature,  it  is  necessary  to  gra- 
duate the  thermometer  tube — that  is,  to  divide  it  into  a  number  of  equal  parts,  and  for  this 
purpose  it  is  essential  that  we  have  two  fixed  points  or  limits  6l  temperature.  These  are  in- 
variably the  freezing  and  the  boiling  points  of  water.  To  determine  the  former  of  these,  the 
thermometer  is  plunged  Into  a  quantity  of  melting  snow  or  ice  in  small  pieces,  and  when  the 
mercury  has  become  perfectly  stationary,  a  file-mark  is  made  on  the  stem  of  the  instrument  at 
the  precise  height  of  the  column  of  mercury.  If  the  scale  of  Celsius  or  Reaumur  is  employed, 
this  will  be  the  zero  or  o*;  if  Fahrenheit's  scale  is  adopted,  this  point  will  be  32"*;  while  if  the 
nearly  obsolete  scale  of  DeUsle  is  adopted,  this  point  will  be  150°.  To  determine  the  upper 
fixed  point,  the  thermometer  is  placed  in  a  chamber  full  of  steam,  which  is  kept  well  supplied 
by  boiling  water  beneath  it.    When  the  mercury  has  become  quite  stationary,  a  file-mark  ii 
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made  on  the  stem  m  befora.  It  is  to  be  b«ie  renuvked,  tbftt  the  temper»tare  of  iteam  in  con- 
tact with  water  varies  at  ^Uffevent  preararei^  and  aUowanoe  rnxut  be  made  for  this  in  detennin- 
ing  tbe  n|q)er  fixed  point  of  a  theimometer.  In  this  country  the  beihng^pomt  of  water,  as 
shown  by  tiie  upper  division  of  Fahrenheit's  scale^  is  taken  as  the  temperatore  of  steam  in 
London  at  a  pressiire  of  29*905  inches  of  merocuy,  reduced  to  the  freezing-point.  At  a  pressure 
of  29*3^5  incnes  of  mercury  the  temperature  is  2iix>^  while,  if  the  pressure  be  increased  to 
30*444  inches  of  mercury,  it  is  212*9*.    (See  also  EbuUitum,) 

Having  now  on  tbe  stem  of  the  tiiennometer  our  two  fixed  points,  indicating  respectively  the 
f reeling  and  the  boiling  points  of  water,  it  is  next  necessAry  to  graduate  the  instrument.  The 
space  Mtween  these  fixea  points  has  been  differently  divided.  Delisle  called  the  boiling  point 
zero  or  o**,  and  the  freezing  point  150**,  but  this  scale  is  scarcely  employed  except  in  some  parts 
of  Bnssiai.  Beaomur  cattMl  the  freezing  point  zero  and  the  boiling  point  So%  so  that  he  divided 
his  instrument  into  So  degrees.  This  thermometer  is  much  used  in  Germany.  A  precise 
ffraduation  of  thermometen  was  fint  attempted  by  Celsius,  a  Swede,  about  the  year  1741,  and 
he  took  the  freezing  point  as  his  zero,  and  the  boning  point  as  100 ;  this  form  of  scale,  also 
called  the  CtnUffrade,  is  used  throughout  France,  and  to  a  great  extent  in  other  countries.  It 
Is  ahnost  invariably  employed  for  scientific  Investigations  in  all  countries.  Fahrenheit  proposed 
bis  scale  about  1726 ;  as  the  lowest  attainable  oold  (as  he  imagined),  he  mixed  pounded  ice  and 
salt,  and  took  as  ibM  zero  of  his  thermometer  the  position  of  the  mercury  column  when  immersed 
in  sndi  a  mixture.  He  divided  the  qiace  between  this  and  the  boiling  point  into  212  degreesy 
and  tiie  freezing  point  of  water  gave  32  of  such  divisions ;  thus  the  space  between  the  frMoing 
and  the  boilinff  point  became  212  —  32  »  180  degrees.  Fahrenheit's  scale  is  used  to  a  great 
extent  in  EngUnd,  Holland,  and  North  America.  Anv  of  these  scales  can  be  continued  Mx>ve 
the  boiling  point  and  below  the  freezing  point,  by  equal  divisions,  the  value  of  a  division  having 
been  pre-aetemined  by  the  distance  between  the  two  fixed  points.  It  is  obvious  that  every 
scale  must  be  Ihnited  by  the  boiling  and  freezing  points  of  mercury  in  the  case  of  a  mercurial 
theimometer. 

It  is  frequently  necessary  to  convert  deg^raes  of  one  thermometrio  scale  into  those  of  another, 
and  this  is  readl^  effected  by  cakulaAlon  since  we  have  seen  above  that  180*  Fahrenheit  coma- 
pond  to  100°  Centigrade,  or  80*  Beaomur.    Hence — 

I*  Fahrenheit  »  0*55*  C.  »  0-44*  B. 
1°  Centigrade  «  0*80"  B.  a  i'&>*  F. 
I*  Beaumur     »  1*25*  O.  »  2*25*  7. 

We  must  bear  in  mind,  however,  that  the  zero  of  the  Fahrenheit  scale  Is  32*  below  the 
fieezingpointof  water,  and  tUs  must  be  allowed  for  in  the  calculation.  The  following  aca  the 
f onnnlsB  neceHaiy  for  each  conversion  : — 

Centigrade  degrees  ^    5  x  9  +  33  a  Fahrenheit  dqgitea. 
Beaumur         „       -t-4)C9  +  32=s         „  „ 

Fahrenheit      „        —  32-&-9X     5a  Centigrade      „ 
„  „        >32-^9X4«  Beaomnr        „ 

Centigrade      „        ^-5x4  =s,  „ 

BoMinuur        „       4-4x5  s  Centigrada     « 

In  converting  the  degrees  of  other  thermometers  Into  degrees  Fahrenheit,  wemnstbectrsfiil 
to  distfaiguish  between  the  actual  valne  of  (say)  Centigrade  degrees  in  Fahrenheit  degrees,  and 
the  value  corxesponding  to  the  temperature  as  shown  on  the  Fahrenheit  scale.  Thus,  if  the 
temperature  of  one  room  is  7*  C.  h^her  than  that  of  another,  and  we  desire  to  express  this  in 
Fahrenheit  degrees,  we  must  not  employ  the  above  formula.  For  7-^5  x  9-h32»  44*6*  F., 
and  this  gives  us  the  number  on  the  Fahrenheit  thermometrio  scale  correq>onding  to  7*  on 
the  Cen&rade  scale ;  while  we  require  to  know  the  value  of  7*  C.  in  degrees  Fahrenheit. 
Now,  !•  C.  a  r8o*  F.,  hence  7*  O.  »  7  x  i*8*  F.  =  12*6*  F.  ;or7-5-5  x  9=  I2*6*  F., 
which  is  the  differenoe  In  temperatore  between  the  two  rooms  expressed  m  degrees  Fahren- 
heit. But  if  we  change  the  form  of  expression,  and  desire  to  know  the  temperature  of  the 
air  at  7*  C,  as  diown  on  the  Fahrenheit  scale,  we  apply  the  above  formula^  and  find  it  to  ba 
44-6'F. 

The  following  table  gives  the  conversion  of  Centigrade  degrees  Into  their  Beaomur  and  Fahrsn* 
heit  repreeentatives,  for  temperatures  ranging  between  the  freezing  point  of  merooxy  and  aa 
approach  to  the  matting  point  of  tin  >-> 
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direction,  while  it  freezes  at  about  —38**  F.    For  lower  temperatures  an  alcohol  thexmometer 
must  bj  used,  for  alcohol  has  neyer  been  frozen. 

There  are  variouB  forms  of  thermometers,  such  as  the  maximum  thermometers  of  Rutherford, 
19'egretti  and  Zambra,  Phillips,  &c.,  and  the  minimum  thermometers  of  Rutherford,  and 
Carclla.  These  are  instruments  which  are  self -r^fistering,  and  this  is  sometimes  effected  by  a 
small  index  within  the  thermometer  tube,  which  moves  with  the  mercury  in  one  direction  and 
not  in  the  other,  and  thus  records  the  limits  of  its  range.  (See  also  Air-thermomeUr  ;  Different 
Ual  ThermomeUr  ;  MetaUie  Tkermometer  ;  PyrmMter  ;  TKermopHe.) 

THERMOMETER,  KINNERSLEY'S  ELECTRIC.  An  instrument  used  for  showing 
the  heat  and  repulsive  force  of  the  electric  spark.  (See  Spark.)  Its  construction  is  the  follow- 
ing : — Into  a  wide  upright  tube  two  knobs  project  through  air-tight  fittings ;  near  the  bottom 
of  the  tube  a  smaller  one  opens  into  it,  and  this  is  turned  vertically  upward,  and  is  left  open  at 
the  top.  Both  tubes  are  filled  to  the  same  level  with  water,  which  does  not  rise  in  the 
principal  tube  to  the  level  of  the  lower  ball,  so  that  the  discharge  between  the  balls  takes  place 
through  the  air  in  the  upper  part  of  this  tube.  As  the  spark  passes,  the  air  is  suddenly  expanded, 
and  the  water  is  depressed  in  the  larger  tube  and  thrown  up  in  the  smaller,  owing  to  the  great 
expansive  or  repulsive  force  exerted  on  the  air  in  its  neighbourhood  by  the  spark.  Immediately 
the  water  falls  back,  the  repulsion  lasting  only  a  moment ;  bat  it  does  not  take  its  former 
level,  for  the  air  within  the  large  tube  is  expanded  by  heat,  and  the  water  therefore  depressed 
in  that,  and  raised  in  the  smaller  one. 

THERMOMETER,  SNOW  HARRIS*S  ELECTRIC.  An  instrument  used  by  the  inventor 
for  determining  the  heating  effects  of  electricity  in  wires  of  different  metals,  but  of  the  same 
length  and  thickness.  The  following  is  a  description  of  the  instrument :  there  are,  however, 
several  modifications  of  it.  A  large  glass  globe  is  pierced  with  three  holes,  two  of  which  are 
<^ametrically  opposite  to  each  other,  and  the  third  placed  equatoriaUy  with  respect  to  these. 
Through  the  first  two  metal  bars  project  to  the  interior,  which  are  removeable,  but  which  fit 
air-tight  when  in  their  places ;  and  between  the  extremities  of  these  is  stretched  a  spiral  of  the 
wire  to  be  tested.  A  long  tube  is  fastened  on  a  horizontal  board  to  which  a  scale  is  attached, 
and  its  ends  are  bent  upirards  at  right  angles  to  the  tube.  One  of  these  ends  fits  aii^tight  into 
the  third  opening  in  the  globe,  and  the  other  is  left  open.  Within  the  horizontal  tul^  is  an 
index  of  coloured  sulphuric  add  or  mercury.  It  wiU  be  perceived  that  the  apparatus  is  simply 
an  air  tliermometer  with  a  large  bulb  across  which  the  wires  are  stretched.  When  the  electric 
corrent  or  discharge  is  passed  through  the  wire,  it  becomes  heated  in  proportion  to  the  resist- 
ance which  it  offers  to  the  passage ;  &e  air  is  wanned,  and  expanding,  drives  the  index  along ; 
and  by  the  laws  of  expansion  of  gases  and  of  specific  heat,  it  is  easy  to  detennine  what  tem- 
perature the  wire  has  been  raised  to.  The  account  of  the  instrument^  and  of  the  work  done 
with  it,  are  published  in  the  Phil.  Tram,,  1834. 

THERMO-MULTIPLIER.  The  electromotive  force  of  a  thenno-electric  pair  being  exoes- 
rively  small,  it  is  necessary,  in  cases  where  it  is  emnloyed  for  estimating  small  differences  of  tem- 
perature, to  use  a  galvanometer  which  shall  introduce  as  little  resistance  as  possible  consistent 
with  producing  a  raffident  effect  upon  the  needl&  Sudi  a  galvanometer  goes  by  the  name  of  a 
thermo-muUiplier,  It  is  a  common  astatic  galvanometer  or  multiplier,  in  which  the  coil  of  wire 
is  short  and  thick.  About  200  turns  of  wire  are  generally  used,  and  of  a  thickness  not  less  than 
004  of  an  inch. 

THERMOPILE.  An  instrument  much  used  in  experiments  on  radiant  heat,  or  indeed  in 
almost  any  case  where  an  extremely  small  difference  of  temperature  between  two  points  is  to 
be  determined.  The  prindple  of  it  is  given  imder  I^crmo-efectrtaty,  and  Battery,  Thermo-tUctrie, 
It  oonsiits  of  a  series  of  small  bars,  an  inch  or  so  long,  of  bismuth  and  antimony  soldered  toge- 
ther alternately,  and  bent  at  the  junction  so  that  the  ban  shall  be  pwallel,  and  the  alternate 
junctions  all  looking  in  the  same  direction.  Thirty  or  more  such  bars  are  generally  joined 
together,  the  couples  being  insulated  laterally  by  slips  of  varnished  paper,  or  by  gypsum,  and 
the  whole  forms  a  little  cube  held  together  by  a  frame  of  ivory,  which  carries  two  bindinff 
screws  connected  with  the  first  bismuth,  and  Uie  last  antimony.  When  the  thermopile  is  used 
for  experiments  in  radiant  heat,  it  is  generally  placed  in  the  axis  of  a  double  cone  of  copper 
carefully  covered  with  lamp  black  to  prevent  radiation  from  external  objects ;  and  it  is  alwaya 
used  in  connection  with  a  galvanometer  of  small  resistanoe  called  a  UuriMHnuUijjUer^ 

THICK  PLATES,  COLOURS  OF.  When  a  ray  of  light  falls  upon  a  thick  piece  of  glasa 
with  parallel  faces,  so  that  it  is  reflected  both  from  the  upper  and  imder  surface,  the  wavee 
interfere  and  produce  colour  in  a  similar  manner  to  that  shown  in  the  case  of  thin  pUUa  and 
grooved  tutfacetf  which  see. 

THIN  PLATES,  COLOURS  OF.  When  light  falls  upon  an  excessively  thin  plate  of  any 
substance,  such  as  a  soap  bubble  or  a  film  of  air  between  two  glass  plates,  tho  waves  of  light 
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reflaotad  f fom  the  tipper  end  under  sorCaees  interfere  with  each  other  and  prodnce  colour.  Hie 
oolonis  vary  wiUi  the  tiucknen  of  the  film,  aaoceeding  each  other  in  a  certain  order  called  Nev> 
ton'a  aeale.  The  ooloor  by  reflected  light  is  always  complementaiy  to  that  seen  bj  traumxtted 
1^1  The  following  thicknesses  of  films  of  air  are  reqn&ed  to  produce  certain  colours  ezprened 
in  milliontbs  of  an  indi : — Black  (absence  of  colonr)  0*5 ;  blue  14*0 ;  orange  17*2 ;  hn^  red 
l8'33 ;  emerald  green  W29  ;  pale  reddish  white  77'oa  Greater  thicknesses  than  this  cease  to 
produce  colour.    (See  also  Neuion*9  Scale  of  CUourt.) 

THOBINUM.  The  metallic  basis  of  thorina.  A  very  rare  earth  dxaoorered  by  Benefiui  in 
1828.  Atomic  weight  1 1572 ;  Symbol  Th.  Its  oxide  Tkorina  (Th  O)  is  *  white  powder  of 
spedfio  gravity  9*4.    It  fonns  a  series  of  crystallisable  salts  with  adds. 

THROTTLE-VALVE.    See  (Tovemor. 

THUBAN.  (Arabic.)  The  star  a  of  the  oonstellataon  Draco.  This  star  was  onoe  mndi 
brighter  than  it  is  at  present.  It  has  been  supposed  that  the  long  sloping  passage  from  Hw 
northern  face  of  the  great  pyramid  of  Egypt  was  oonstracted  for  the  purpose  of  watching  the 
sub-polar  meridional  pasnges  of  this  star,  uie  polar  star  (according  to  this  view),  when  the  pjza- 
mid  was  built. 

THUNDER.  The  sound  which  accompanies  lightning.  It  is  due  to  the  sodden  distorfaaaee 
of  the  air  in  the  vicinity  of  the  line  in  which  the  spark  passes.  It  is  generally  a  long  nUiiig 
sound  rising  and  falling  in  intensity.  The  duration  of  the  thunderpe^  is  generally  attiibated 
to  reH)choing  of  the  sound  produced  at  various  places. 

THUNDER-BOD.    See  Ligktni»g  Conductor, 

TICK,  MAGNETIC.     See  SoutuU,  Magnetic 

TIDES.  The  rise  and  fall  of  the  waters  of  the  ocean  twice  in  the  course  of  an  interval  of 
somewhat  more  than  one  solar  day,  or»  more  exactly,  corresponding  in  length  to  the  inteml 
separating  the  moon*s  suooeesive  returns  to  the  merioian. 

The  moon  is  the  principal  cause  of  the  tides,  the  height  of  the  wave  raised  by  the  sun's 
action  having,  to  the  height  of  the  lunar  wave,  the  proportion  of  about  2  to  5,  ao  that  the 
height  of  the  lunisolar  wave  varies  between  the  limits  7  and  3. 

It  would  be  quite  impossible  to  compress  into  the  space  at  our  disposal  any  satisfactory 
ruumi  of  the  labour  of  If ewton,  Whewell,  Lubbock,  Airy,  and  others,  on  the  subject  of  the 
tides.  We  refer  our  readers,  therefore,  to  Aizy's  Treatise  on  Tides  and  Waves,  Eneye.  Metrop^ 
and  the  paper  on  the  Tides  by  Dr.  Young,  in  the  Eneyc.  Brit,  In  what  foUows  we  give  merely 
a  genenl  sketch  of  two  somewhat  contrsbdictozy  hypotheses,  respecting  the  action  of  the  mocn 
in  raising  a  tidal  wave. 

If  we  conceive  the  case  of  a  globe  covered  with  an  ocean  of  uniform  depth,  and  that  a  body 
like  the  moon  ia  Jboed  at  a  given  distance  from  that  globe,  it  is  dear  that  the  wat^  nearest  to 
that  body,  being  more  attracted  than  the  globe  itself,  will  be  ndsed  to  a  higher  leveL  Bat  the 
globe  being  more  attracted  than  the  part  of  the  water  farthest  from  tiie  body,  that  water  will 
be  2^,  so  to  speak,  at  a  higher  level.  Thus  the  originally  sphoriosl  shell  of  water  will  aaaone 
a  prolate  figure,  whose  longer  axis  passes  through  uie  moon.  And  clearly,  if  die  globe  wem 
alowly  rotating,  the  axis  of  the  prolate  surface  would  seek  continually  to  direct  itself  toward 
the  attracting  body,  so  that  there  would  be  high  tide  under  that  body,  and  at  the  part  farthsst 
firam  the  body,  but  the  real  summit  of  the  two  tidal  waves  would  always  lag  somewhat  *»<»Mim* 
its  true  place. 

Such  is  one  way  of  presenting  the  moon's  action  on  the  earth.  It  may  be  spoken  of  as  the 
fiaHcal  theory  of  tides. 

But,  now,  suppose  the  case  of  a  globe,  not  covered  as  before,  but  with  a  canal  full  of  witsr 
round  its  equator,  rotating  rapidly  under  the  attracting  body,  (which  suppose  in  the  plane  of 
the  globe's  equator.)  Then,  conceiving  two  opposite  tid^  waves  really  to  exist  at  any  w>^«y«^^ 
and  to  travel  round  at  the  same  rate  as  the  globe  rotates,  let  us  considor  the  dynamical  oon- 
ditlons  under  which  these  waves  subsirt.  At  the  summit  of  a  wave,  since  the  m^'ri*nTiw|  eleva- 
tion has  been  reached,  water  must  be  passing  away  as  quiddy  as  it  is  arriving.  The  aame 
is  true  also  of  the  place  of  lowest  water.  Midway  between  the  summit  of  the  wave,  M*d  the 
place  of  lowest  water,  we  have  on  one  side  the  place  of  most  rapid  increase  of  level,  and  on  tiie 
other  the  place  of  most  rapid  f aU.  At  the  former  place,  then,  water  must  be  flowing  in  firam 
both  sides,  and  at  the  latter  water  must  be  passing  away  on  both  sides.  Now  if  we  ftftm^^iwi 
all  these  motions  we  shall  find  that  they  indicate  attractions  corresponding  to  those  whioli  tiis 
moon  would  really  be  exerting  if  there  were  low  water  directly  under  her,  and  at  a  ponit 
directly  opposite.  So  that  we  conclude  that  tidal  waves  raised  by  the  moon's  attractions 
(operating  precisely  as  though  the  particles  of  the  water  were  so  many  satellites  travelling 
roand  the  earth  under  the  moon's  perturbing  influence)  would  have  their  summits  on  a  *^  ~ 
nearly  at  right  angles  to  (instead  of  nearly  coiiiddant  with)  that  ficom  the  moon. 
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This  is  the  dynamical  theoiy  of  the  tidal  wave.  Its  results  are  discordant  with  those  of  the 
statical  theoiy.  On  this  account  it  has  rightly  been  said  by  Professor  Klchol  that  the  problem 
is  not  yet  one  for  deductive  science. 

For  further  infonnation  the  reader  is  referred  to  Newton's  PrineipiOj  lib  I,  Prop.  66,  Cor.  19 ; 
Laplace,  Micanique  Cdette,  There  is  an  interesting  paper,  part  of  which  has  been  summarised 
above,  "  On  the  Supposed  Possible  Effect  of  Friction  in  the  Tides,  in  influencing  the  apparent 
acceleration  of  the  Moon's  mean  motion  in  Longitude,"  by  the  Astronomer  Boyal,  in  the 
Monthly  Notices  of  the  Boyal  AttrononUcal  Society,  voL  xxvL  For  a  full  account  of  the  actual 
progress  of  the  tidal  wave,  the  student  is  refexxed  to  Johnston's  Phyncal  Atlas. 

TIMBRE.    See  Cohur  of  Tonea. 

TIME.  (Tempus.)  A  definite  moment,  or  a  definite  portion  of  continuous  duration. 
Under  heads  Day,  Month,  Year,  &c,  will  be  found  an  account  of  the  various  periods  so  named, 
and  the  methods  of  considering  them.  Under  Longitude,  the  methods  of  determining  the  time 
at  any  place,  compared  with  some  fixed  standard  of  time,  are  dealt  with.  Here  we  shall  merely 
define  uie  several  modes  of  indicating  time  or  time-intervalB. 

Apparent  Time  is  time  deduced  from  the  position  of  the  sun  upon  the  heavens.  A  truly 
placed  sun-dial  shows  apparent  time. 

Mean  Time  is  the  time  shown  by  a  well-regulated  dock,  constructed  to  indicate  equal 
intervals  corresponding  to  the  divisions  of  the  mean  solar  day. 

Sidereal  Time  is  the  portion  of  a  sidereal  day  elapsed  sinoe  the  first  point  of  Aries  last  passed 
the  meridian. 

Aetronomiedl  Tim€  is  the  time  indicated  by  a  dock  set  to  mean  solar  time,  having  24  hour 
divisions  Instead  of  twelve,  and  pointing  to  24  at  noon.  Let  it  be  remembered  that  the  astro- 
nomical hours  13,  14,  15  ...  to  24,  of  any  spedfied  day  of  the  month,  signify  the  dvil  hours 
I,  2,  3  .  .  .  to  12  A.1C.  of  the  next  day  of  uie  month.  Thus  I4h.  June  15,  means  2  A.H. 
June  1 6. 

TIN.  A  metallic  dement^  known  to  the  ancients  under  the  name  of  Kassiteros  (Kaafflrepot), 
from  the  andent  name  of  the  British  Isles,  the  Kassiterides,  where  it  was  obtained.  It  some- 
times occurs  native,  but  more  frequentiy  in  the  form  of  o^e,  under  the  name  of  tin  stone, 
wood  tin,  stream  tin,  or  kasdterite.  In  the  pure  state  tin  is  a  brilliant  white  metal  of  very 
Gxystalline  texture,  which  produces  a  peculiar  crackling  noise  when  bent.  It  is  pennanent  in 
the  air,  is  very  malleable,  but  only  slightly  ductile.  Sf^dfic  gravity  7*3.  Atomic  wdght  1 18. 
Symbol  Sn,  from  its  Latin  name  Stannum,  It  melts  at  237**  G.  (459°  F.),  and  volatillras  at  a 
white  heat.  Owing  to  its  permanence  in  the  air,  tin  is  largely  used  as  a  superficial  coating  for 
iron,  in  order  to  prevent  rusting.  Plates  of  this  are  known  m  commerce  as  tin  plate,  when 
tin  plate  or  tinfoil  is  washed  over  with  warm  dilute  aqua  regia,  it  assumes  a  beautiful  super- 
ficial crystalline  appearance,  which  is  sometimes  used  for  ornamental  purposes  under  the  name 
of  Moirie  Metallique,    The  prindpal  compounds  of  tin  are  as  follows : — 

Oxidee  of  Tin,  Protoxide  (SnO  in  the  anhydrous  state).  Tins  is  a  bluish  black  oystalline 
powder  of  spedfic  gravity  6'6.  Bedudng  agents  easily  deoxidise  it  to  metal,  and  oxidinng 
agents  readUy  convert  it  to  stannic  oxide.    It  forms  salts  which  are,  however,  unstable. 

Binoxide  of  Tin  (SnO^)  is  the  prindpal  ore  of  tin«  It  occurs  native  in  the  form  of  brownish- 
yellow  translucent  quadratic  crystals  of  adamantine  lustre,  and  spedficgravity  6*3  to  7.  It  Is 
easily  reduced  to  the  metallic  state  by  ignition  with  reducing  agents.  Ttom  operation  Ib  carried 
out  on  the  lax^ce  scale,  dther  In  reverMratory  or  blast  furnaces.  Binoxide  of  tin  is  prepared 
artificially  by  burning  tin  in  the  air,  or  by  actmg  on  it  with  strong  nitric  add.  Tins  oxide  ads 
as  an  add^  and  occurs  in  two  modifications — SUinnic  acid  and  Metastannic  aeid.  They  unite 
with  bases  forming  crystallisable  salts,  some  of  which  are  used  in  oommeicei.  The  most  impo!r> 
tant  are  described  under  the  heading  Stcmnaiet,  (which  see). 

Chloride  of  Tin,  Protoxide  or  stannous  chloride  (SnCl^ )  is  formed  wh«n  tin  is  dissolved  in 
hydrochloric  add,  and  the  product  evaporated  to  drrness,  heated  in  a  cmdble,  and  then  dis- 
tilled. It  is  a  grayish  white  translucent  mass,  soluble  in  water,  melting  at  250*  C.  (4S2*  F.), 
and  boiling  near  redness.  Its  aqueous  solution,  when  evaporated,  depodts  large  transparent 
colourless  crvstalsof  hydrated  chloride  (SnCI^  2 ILO.)  It  is  much  u»ed  in  dyeing  and  calico 
printing,  tmder  the  name  of  tin  salt,  and  is  a  powerful  deozidinng  agent. 

Stannic  Chloride  (SnClJ,  formerly  called  Spiritue  Fumans  Zufavii,  Im  a  ooloorleas  liquid  of 
specific  gravity  2*2,  strongly  fuming  in  the  air,  boiling  at  112*  C.  (234*  F.)  It  unites  readily 
with  water,  forming  a  soft  buttery  mass  called  butter  of  tin,  which  is  soluble  In  excess  of  water. 
TUs  salt  is  also  usra  in  dyeing  and  calico  printings  under  the  old  namea  of  "tin  solution"  or 
••phydo." 

Sulphide  qf  Tin,    T1iediialpUde(SnSa)lipvqpttedlnioftgoId8nydIowqNaiglesof  metaOlo 

ax 
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lustre,  of  spedfio  gravity  4*6.    It  u  known  under  the  name  of  Aumm  Muaiviiiii,  or  Mosaie 
Gold. 

TIN  SALT.    See  Tin,  ChUmda. 

TIN  STONE.    See  ^TVii. 

TITANIUM.  A  metallic  element  discoTered  by  Gregor  in  1798 ;  it  is  soaroely  knoPinL  m 
the  metallic  state.  Atomic  weight  50.  Symbol  Tl  SmiJl  cubical  crystalB  of  a  oo|>per  ooloor 
and  perfect  metallic  lustre  are  frequently  found  in  the  skkg  of  blast  furnaces.  These  were  for  a 
long  time  considered  to  be  mebUlic  titanium,  but  Wohler  {Ann.  Ch,  Pharm,  bdiL  34)  has 
shown  that  they  consist  of  mixed  nitride  and  cyanide  of  titanium.  The  principal  oidde  of 
titanium  is  the  dioxide  (TiO,).  This  occurs  natiye  as  RtOUtt  AnaioM,  and  BrookiU,  It  is  of  a 
reddish  brown  colour,  very  hajrd,  and  of  specific  gravity  4*2.  It  much  resembles  silicic  add  and 
forms  a  series  of  salts  known  as  titanatee.  Artificially  prepared  it  is  a  white  or  light  brown 
amorphous  powder,  insoluble  in  all  acids.  A  compound  of  titanic  add  with  iron  is  frequently 
met  with  in  nature,  mixed  with  magnetic  oxide  of  iron,  &c.,  under  the  name  of  tiiantferaus  dv» 
9and.  In  some  parts  of  the  world.  New  Zealand  for  instance,  it  forms  enormous  deponta  on 
the  sea-shore.    It  is  now  used  in  iron-smelting. 

TOLUIDINK.  An  artificial  organic  alludoid  of  the  composition  C7H9N,  prepared  from 
toluol ; — an  oily  hydro-carbon  extra^ed  from  coal  tar  of  the  composition  C7H3.  Tolmdine  is  a 
■olid  white  ciystalline  substance,  easily  fusible,  boiling  at  205''  C.  (401*  F.),  and  diHtJlling-  jx^ 
changed.  It  is  a  homologue  of  anUme,  being  the  alkaloid  next  above  it  in  the  series.  It 
unites  with  adds  to  form  salts,  which  are  for  the  most  part  crystallisable. 

TONE,  (rowf,  sound ;  rowow,  to  sound,  from  the  root  of  retrw,  to  stretdi.  L.  tonus  and 
tono.)  An  interval  of  music  (see  Mtmoal  Interval).  Also  the  quality  of  a  musical  instmmeBft 
or  of  a  musical  note. 

TOOTHED  GEAB.  A  mechanical  contrivance  for  transmitting  motion  from  one  part  of  a 
machine  to  another.  It  consists  of  a  series  of  projections  or  teeth  regularly  arranged  on  straight 
cylindrical  or  conical  surfaces  termed  wbt.  The  parts  are  so  arranged  that  the  teeth  of  one 
web  act  on  those  of  another.  In  order  that  the  action  may  be  regular  it  is  indispenaahly 
necessary  that  the  surfaces  of  the  teeth  should  have  even  and  r^;nlar  contact,  so  that  at  evenr 
instant  during  the  motion  of  the  parts  some  points  in  the  teeth  of  one  part  are  in  contact  wita 
points  in  the  teeth  of  the  other.  Moreover,  the  teeth  should,  as  far  as  possible,  roll  and  not 
slide  upon  one  another.  The  circle  mid-way  between  the  grooves  and  summits  of  the  teeth  of 
a  toothed  wheel  is  termed  the  pitch  cirde.  The  motion  transmitted  by  the  contact  of  the  teeth 
is  the  same  as  would  be  produced  by.  the  rolling  contact  of  the  pitch  circles.  To  secure  the  above 
requirements  the  curves  which  form  the  outlines  of  the  teeth  are  usually  parts  of  the  involute 
cycloid  or  epicycloid.  The  thickness  of  the  teeth  varies  according  to  the  strain  transmitted. 
When  both  wheels  are  composed  of  the  same  materials  the  teeth  are  of  the  same  size  in  both. 
The  intervals  are  a  little  larger  than  the  teeth  so  as  to  allow  of  freer  motion.  The  pitch  of  the 
teeth  comprises  the  width  of  the  tooth  and  that  of  the  interval,  and  is  measured  on  the 
primitive  or  pitch  circle.  Spur-toothed  wheels  are  such  as  have  parallel  teeth  lying  on  a 
cylindrical  surface  or  web.  When  a  pair  of  spur  wheels  are  in  gear,  their  axes  are  parallel,  and 
the  radii  of  the  pitch  circles  are  proportional  to  the  number  of  teeth  in  each.  When  one  is 
much  smaller  than  the  other  the  smaller  ia  termed  a  pinion  and  the  larger  a  spur  wheeL 

A  rack  is  a  straight  bar  having  teeth  on  one  side  made  to  gear  with  teeth  of  a  right  wheel, 
generally  of  small  dimensions,  and  in  this  case  termed  a  pinion.  When  the  sha^  of  two 
wheels  are  indined  the  teeth  are  fixed  on  oonical  instead  of  cylindrical  surfaces,  and  are  then 
called  hevd  wheels. 

TOPAZ.  A  silico  fluoride  of  aluminium  occurring  in  crystals.  Its  hardneas  equals  8. 
Spedfic  gravity  3*4  to  3'65.  Lustre,  vitreous ;  colour,  yellow,  white,  green,  or  blue.  It  is 
insoluble  in  adds,  and  infusible  before  the  blow-pipe.  When  of  good  size  and  colour  the  topai 
is  used  as  a  gem,  but  it  is  inferior  in  this  respect  to  the  oriental  topaz.    (See  Conmdum.) 

TOPAZ,  FALSE.     See  Quartz. 

TOPAZ,  ORIENTAL.    See  Corundum,, 

TORNADO.    See  Wind^. 

TORRICELLIAN  VACUUM.  The  space  above  the  mercurial  oolumn  in  the  harometer 
{q.  V. ).   It  is  not  a  perfect  vacuum  since  a  small  quantity  of  the  vapour  of  mercury  is  present  in  it. 

TORRICELLI'S  LAW.     See  Flow  of  Lipids. 

TORRID  ZONE.    See  CUTiuUe. 

TORSION  BALANCE.    See  Balance,  Tonion. 

TOTAL  ECLIPSE.    See  Edipse. 

TOTAL  REFLECTION  OF  LIGHT.  See  JR^kctim  of  L^Jd,  Tobd;  and  lUghi  An^U 
Pritm, 
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TOUCAN.  (The  American  £ird,)  One  of  Bayer*8  soatliem  conBteUatfons.  The  Nnbecala 
Sfinor  f aUs  within  this  oonstellfttion.  It  also  includes  an  exceedingly  rich  duster  lying  dosely 
by  the  borders  of  the  Nnbeonla  Minor  but  not  touching  that  group. 

TOURMALINE,  OPTICAL  PROPERTIES  OF.  The  tourmaline'  occurs  native  in  pris- 
matic crystals.  Slices  cut  from  this  crystal  parallel  to  the  axis  have  the  property  of  being  trans- 
parent to  light  of  one  plane  of  polarisation  only.  Slices  of  tourmaline  are  therefore  largely  used 
in  researches  on  pohuised  light.    {Bee PoUurisatianqf  Light;  Polariier;  Analywr;  Polarueope.) 

TOXICOLOGY.  {roiiKOP,  poison,  and  Xcryot,  description.)  That  branch  of  medicine  whidi 
treats  of  the  action  of  poisons,  or  the  effects  of  ezcessiye  doses  of  deleterious  substances. 

TRADE-WINDS.     See  Winds. 

TRANSIT.  {TrantUuSf  a  passage.)  In  astronomy,  the  passage  of  a  heavenly  body  across 
the  meridian  of  a  place.  (See  Tranni  Instrument,)  Also  the  passage  of  one  celestial  body 
across  the  face  of  another,  and  specially  the  passage  of  the  inferior  punets  Venus  and  Mercury 
(j.v.)  across  the  face  of  the  sun. 

TRANSIT  CIRCLE.  A  transU  instrument  {q,v.\  the  telescope  of  which  is  fixed  between  two 
graduated  circles,  so  that  the  altitude  of  a  star,  as  well  as  the  time  of  meridian  passage,  may 
be  accurately  noted.  One  of  the  finest  transit  circles  in  existence  is  that  which  was  oonstnicted 
at  the  Greenwich  Observatory  in  i860,  under  the  superintendence  of  the  Astronomer-Royal. 
The  telescope  is  12  feet  long,  has  an  object-glass  8  indies  in  aperture.  The  drdes  are  6  feet  in 
diameter.     (See  the  works  named  under  Transit  Instrument) 

TRANSIT  EYE-PIECE.  A  transit  eye-piece  consists  of  a  podtive  eye-piece,  having  a 
system  of  cross  wires  in  its  focus,  one  being  horizontal,  and  five  or  seven  vertical,  tiie  point  of 
intersection  between  the  horizontal  and  the  central  vertical  wire  being  in  the  axis  of  the  tele- 
soope.  By  adjusting  the  eye-piece,  so  that  the  apparent  motion  of  a  star  causes  the  latter  to 
travel  along  the  horizontal  wire,  and  recording  the  time  it  passes  over  each  of  the  vertical  wires, 
the  exact  moment  that  it  crossed  the  axis  of  the  instrument  can  be  aocuratdy  calculated* 
(See  Transit  Instrument;  Eye-piece;  Positive  Bye-piece;  Micrometer  Eyepiece.) 

TRANSIT  INSTRUMENT.  A  telescope  so  constructed  as  to  point  always  to  the  meri- 
dian. It  rotates  therefore  on  a  horizontal  axis,  directed  due  east  and  west.  The  instroment 
is  employed  to  determine  the  moment  when  a  star  crosses  the  meridian.  As  it  is  of  the  utmost 
importance  that  sudi  observations  should  be  made  with  extreme  accuracy,  many  contrivances 
have  been  adopted  to  make  the  instrument  work  as  perfectly  as  posdble.  What  is  requisite  is 
that  the  axis  should  be  perfectly  horizontal,  that  it  should  point  due  east  and  west,  and  that 
the  optical  axis  of  the  telescope  should  be  exactly  at  right  angles  to  it.  The  methods  adopted 
for  testing  the  adjustment  of  the  telescope  in  these  respects,  ^rill  be  found  in  Loomis*s  PraOical 
Astronomy  (a  work  without  which  no  astronomical  library  can  be  regarded  as  complete),  and 
Pearson's  Introduction  to  Practical  Astronomy. 

In  observing  a  trannt,  the  passage  of  the  star  across  suooesdve  vertical  lines  in  the  tdesoopio 
field  of  view  (fine  silk  threads,  or  else  threads  from  a  spider^s  web  are  employed),  is  carefully 
timed  in  accordance  with  the  beats  of  a  pendulum  vibrating  in  sidereal  seconds. 

TRANSmON  TINT.  A  peculiar  tint  produced  when  a  plate  of  quarts  37<  mm.  thick 
is  viewed  in  the  polarisoope.  The  colour  is  a  pale  purple,  and  it  changes  very  rapidly  to  red  or 
violet,  according  as  the  analyser  is  turned  one  way  or  the  other.  It  is  frequently  made  use  of 
in  measuring  the  angle  of  rotation  in  liquids  which  polarise  circularly.  (See  Cfifiular  Polarises 
tion  qf  Liquids.)  

TRANSMISSIBILITY  OF  FORCEa  (Transmitters,  from  trans,  over  or  across,  and 
mittere,  to  send.)  A  prindple  in  mechanics,  wmch  states  that  a  force  may  be  applied  at  any 
point  in  the  line  of  its  direction,  provided  this  point  be  connected  with  the  first  point  of  appo- 
cation  by  a  rigid  and  inextennble  straight  line.  For  example,  if  a  wdght  be  attached  hy  a 
cord  to  a  spring-balance,  the  ^ect  will  be  the  same  at  whatever  point  in  the  cord  the  wdght  is 
tied.  Sinularly,  a  force  may  be  applied  to  a  body,  dther  directly,  or  by  the  interpodtion  of  a 
rigid  rod,  and,  supposing  the  rod  to  be  supported  independently,  the  result  will  be  the  same. 
Again,  if  equal  forces  are  supposed  to  be  acting  in  oppodte  directions  at  the  extremities  of  a 
stnng,  the  string  will  be  in  equilibrium,  and  if  we  take  any  point  in  the  string,  not  an  extre- 
mity, and  transfer  one  of  the  forces  to  it,  the  iotooB  will  be  still  in  equilibrium.  Hence  we  may 
condder  the  force  applied  at  one  end  to  be  transmitted  through  the  string,  and  we  may  suppose 
two  oppodte  forces  at  any  point  equal  to  the  forces  at  the  extremities.  Either  of  these  is 
termed  the  tension  of  the  string.  Suppose  the  string  to  pass  round  a  smooth  peg,  ring,  or  sur- 
face, in  this  case  also  the  tendon  of  the  string  is  the  same  at  every  point. 

TRANSMUTATION  OF  ENERGY.  (Trans,  and  muto,  to  change.)  The  prindple  that 
any  one  of  the  various  forms  of  phydcal  eneray  can  be  converted  into  each  of  the  others.  The 
laws  of  the  transmutation  have  been  definite^  asoertainedy  and  perfectly  demonstrated  in  mai^ 
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cases;  Mid  the  duuige  in  f  onn  hu  been  traced  in  so  many  others,  as  to  lead  to  an  imsistible 
inference  that  one  f onn  of  energy  cannot  originate  otherwise  than  by  devolution  from  preezirt- 
ing  energy.  We  will  take  in  illnstration  the  order  of  classificatian  explained  under  Eneigy. 
(See  Snergy,) 

Rdation  of  tke  Kinetie  and  PotenUtd  Energia  of  Virible  Motion.  When  a  stone  is  thrown  tov 
tically  upwwds  with  a  certain  velocity,  there  is  given  to  it  at  the  instant  of  starting,  an  eneigy, 
which  is  measured  in  foot-pounds  by  multiplying  its  weight  by  the  square  of  its  velocity, -and 
dividing  the  product  by  twice  the  velocity  acquired  by  a  famng  body  in  a  second  of  time. 
Hence  the  energy  of  a  moving  body,  or  the  quantity  of  work  it  can  perform,  varies  as  the  sqiian 
of  ItB  velocity.  As  the  velocity  diminishes,  therefore,  the  amount  of  actual  energy  Hfmmiaii^^ 
but  the  advantage  due  to  position  increases  at  the  same  rate. 

For  instance^  if  a  body  weighing  I  lb.  be  projected  with  a  velocity  which  would  carry  it  ver- 
tically to  a  height  of  loo  feet»  when  it  starts  there  will  be  lOO  units  of  work  in  it ;  when  it  has 
passed  through  60  feet  there  will  be  only  40  units  of  work  accumulated  in  it.  But  the  body 
being  60  feet  higher  than  before,  will  have  gained  an  advantage  of  positicm,  represented  bj  60 
units ;  thus  60  units  of  kinetic  energy  have  been  ohanged  to  potential  eneigy,  and  at  any  in- 
stant of  its  flight  its  kinetic  eneigy  +  its  potential  energy  will  be  equal  to  the  whole  eneigy 
with  which  it  started. 

VitibU  Kinetic  Energy  and  Seat  Kinetic  energy  of  motion  may  be  transformed  into  hesL 
On  the  stone's  falling  its  potential  energy  becomes  kinetic.  When  it  strikes  the  ground  the 
kinetic  energy  is  again  transformed.  It  is  not  annihilated,  but  has  become  energy  of  heat.  It 
has  long  been  known  that  the  actual  energy  of  a  moving  body  jnay  be  changed  into  the  mole- 
cular energy  of  heat.  Pieoes  of  dry  wood  when  rubbed  together  will  become  so  hot  as  to  ignite ; 
the  boringtoolsof  a  carpenter  become  hot  by  being  used ;  whenapieceof  metal  is  rubbed  vigor- 
ously on  a  rough  surface  it  becomes  too  hot  to  hold.  Again,  when  a  train  in  motion  is  brooglit 
to  a  standHBtill  by  applying  a  brake,  the  rails  become  hot,  and  sparks  are  seen  to  fly  from  the 
wheels.  BiUlets  shot  at  a  target  firequenUy  show  signs  of  fusion  after  impact.  In  all  these  cases 
the  enerfiy  of  visiUe  motion  is  transmuted  into  heat.  The  amount  of  the  one  form  of  eneigy 
which  wm  produce  a  given  amount  of  the  other,  has  been  calculated  by  Joule  and  others.  (See 
Meduunoal  EquivailerU  of  Beat.)  If  a  weight  of  I  lb.  be  raised  to  a  neight  of  772  feet,  and  be 
let  ftJl,  on  striking  the  ground  it  will  generate  as  much  heat  as  wiU  raise  i  lb.  of  water  i°  F. 

MevenHnUty  qf  Energy.  By  means  of  a  conception  of  Camot,  a  principle,  which  maybe 
termed  the  revovibUity  of  eneigy,  has  been  established.  If  a  certain  amount  A  of  one  form  of 
energy  produce  an  amount  B  of  another  form,  then  B  is  the  quantity  of  the  latter  which  is  re- 
quired £>r  the  production  of  an  amount  A  of  the  former.  If  772  foot-pounds  of  work  must  be 
expended  to  raise  a  pound  of  water  i**,  then  the  heat  which  must  leave  a  pound  of  wj*ter  in 
order  that  its  temperature  may  be  reduced  1%  is  ci^ble  of  performing  work  equivalent  to  772 
foot-pounds.  Lq  tiie  steam-engine,  the  heat  of  the  burning  coal  is  changed  to  energy  of  motkn, 
and  this  is  again  transformed  to  heat.  By  Camot's  principle,  if  an  engine  by  consuming  a  cer- 
tain amount  of  heat  does  a  given  quantity  of  work,  by  €he  consumption  of  a  similar  amount  of 
work  it  would  restore  to  the  source  the  quantity  of  heat  taken  from  it. 

VinbU  Kinetic  Energy  and  ElectricUy.  Visible  kinetic  energy  is  changed  into  the  kinetie 
energy  of  electricity  by  a  magnet&electric-machine,  and  into  potential  energy  of  electricity, 
when  a  sheet  of  glass  is  made  to  revolve  against  a  surface  of  silk.  Again,  the  actual  energy  of 
electricity  is  transformed  into  the  energy  of  visible  motion  when  a  piece  of  iron  is  drawn  to  tiie 
poles  of  an  electro-magnet ;  when  two  wires  conveying  electric  currents  attract  one  another ;  or 
when  a  current  is  made  to  pass  through  a  wire  wluch  is  near  a  magnetic  needle,  and  the  needle 
is  in  consequence  forcibly  deflected  by  the  current. 

EUOricity  and  HeaL  Suppose  the  strength  of  a  current  of  electricity  passing  along  a  wire  to 
be  measured  by  its  power  to  deflect  a  magnetic  needle.  Suppose  the  wire  to  be  of  copper,  and 
the  amount  of  deflection  noted,  and  then  let  the  copper  be  replaced  by  platinum,  which  offers  a 
greater  resistance  to  the  current.  It  wHl  be  found  that  the  wire  becomes  hot,  and  that  the 
needle  is  deflected  through  a  smaller  angle.  Energy  of  heat  is  here  produced  at  the  expense  of 
the  energy  of  electricity  in  motioiL  With  powerful  batteries  all  metals  are  fused,  even  iridiom 
amd  platinum,  which  are  the  least  fusible.  A  battery  of  30  or  40  Bunsen*s  cells  will  volatiBee 
fine  wires  of  lead,  tin,  zinc,  copper,  gold,  and  silver.    (See  Cfwrent^Seating  Effects  of) 

When  a  bar  of  antimony  and  a  bar  of  binnuth  are  soldered  together  at  one  extremity,  and 
the  free  ends  united  by  a  copper  wire,  on  the  application  of  heat  a  current  of  electricity  is  found 
to  circulate  through  the  wire^  and  the  strength  of  the  current  is  an  exact  and  delicate  measure  of 
the  heat  applied.  (See  Tkerino-dectrie  PHe.)  When  a  crystal  of  tourmaline  dianges  temperature, 
its  extremities  aoBume  opposite  electric  states^  thus  affording  an  example  of  the  change  of  heat 
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into  the  potential  energy  of  electric  separation.    The  Voltaic  arc  is  a  biilUant  example  of  the 
conversion  of  electricity  into  the  actaaJ  energy  of  radiant  heat  and  light. 

Chssfiical  Action  and  Heat.  The  energy  of  chemical  action  or  chemical  separation  and  heat^ 
are  mutually  conyertible.  A  given  amount  of  chemical  action  produces  a  definite  amount  ti 
heat,  and  tins  same  quantity  of  heat  is  required  to  reverse  the  chemical  changes  which  have 
produced  it.  It  is  difficult  to  determine  accurately  the  amount  of  heat  equivalent  to  a  given 
amount  of  chemical  action,  ^efly  because  it  is  very  difficult  to  confine  the  transformation  of 
energy  to  these  two  forms  only ;  nevertheless,  the  relation  between  the  amount  of  heat  evolved 
and  the  quantity  of  chemical  action  has  been  determined  by  several  eminent  physictsts,  and  the 
dj^erences  of  the  results  of  the  latest  experiments  lie  within  comparatively  small  limits.  For 
example,  Rumford  calculated  that  i  gramme  of  charcoal  in  oombinlkig  with  2|  grammes  of  oxy- 
gen to  inake  carbonic  add,  would  evolve  heat  sufficient  to  raise  the  temperature  of  8000  grammes 
of  water  i"*  C.  Andrews  made  the  quantity  7900  grammes,  and  Favre  and  Silbermann  8080 
grammes.  Hence  the  true  quantity  must  be  near  8000  grammes.  One  gramme  of  hydrogen 
in  combining  with  8  grammes  of  oxygen  to  form  water,  evolves  heat  sufficient  to  raise  alMut 
34,000  grammes  of  water  i**  C.  (An&ews,  33,881  ;  Favre,  34,462).  Similarly,  the  quantities 
of  heat  evolved  in  the  combustion  of  other  elements  have  been  found  with  equal  precision.  (See 
Beat  of  Chemical  Combination,) 

Chemical  Action  and  Electricitff.  The  chemical  action  going  on  in  a  Voltaic  battery 
produces  electricity.  What  becomes  of  the  energy  of  electricity  which  is  constantly 
generated  so  long  as  the  chemical  action  continues  f  The  experiments  of  M.  Favre  have 
completely  answered  this  question.  Just  as  a  definite  amount  of  carix)0,  by  its  union  with 
oxygen,  produces  a  determined  quantity  of  heat,  so  the  consumption  of  a  definite  amount  of 
zinc  in  the  battery  produces  a  definite  quantity  of  electricity  which  in  its  turn  gives  rise  to  aa 
invariable  amount  of  heat.  When  the  poles  of  the  battery  are  connected  by  a  very  good 
conductor  such  as  a  short  thick  wire,  the  heat  produced  is  confined  to  the  battery  itself ;  but 
when  a  less  perfect  conductor  is  used  heat  manifests  itself  in  the  conductor.  In  this  case  part 
of  the  heat  is  in  the  wire  and  part  in  the  battery,  but  the  whole  amount  of  heat  produced  in  all 
the  parts  of  the  current  by  the  consumption  of  a  given  quantity  of  zinc  is  the  same  in  this  case 
as  in  the  other.  If  the  electric  current  be  used  to  do  other  work,  a  corresponding  amount  of 
heat  is  withdrawn  from  the  battery. 

Suppose  two  tubes  of  glass,  closed  at  one  end,  to  have  pieces  of  platinum  wire  fused  into  Che 
closed  ends,  and  to  be  filled  with  water  and  placed  with  the  open  ends  imder  water  in  the  same 
vessel  Let  the  poles  of  a  battery  be  connected  with  the  platinum  wires.  The  water  will  be 
decomposed,  oxygen  collecting  in  one  tube  and  hydrogen  in  the  other.  The  amount  of  gas  set 
free  in  a  given  time  will  be  proportional  to  the  strength  of  the  current.  If  the  battery  be 
taken  away,  and  the  ends  of  platinum  be  connected  by  a  copper  wire  the  gas  will  soon  disap- 
pear, and  while  it  is  passing  into  water  a  current  will  be  found  to  circulate  the  wire  in  a  direction 
opposite  to  that  which  produced  the  decomposition.  Here  then  electricity  in  motion  produces 
energy  of  chemical  separation,  and  the  latter  again  reproduces  the  former. 

JXUipation  of  'Energy,  Although  we  may  definitely  estimate  the  exact  equivalents  of  the 
various  forms  of  energy  we  are  not  always  able  perfectly  to  reverse  a  given  transmutation.  For 
instance  a  given  quantity  of  mechanical  work  will  produce  an  equivident  amount  of  heat,  and 
if  ^  of  this  heat  could  be  changed  into  mechanifail  work  the  original  amount  would  be  produced, 
but  we  are  never  able  to  reconvert  all  the  heat  into  work  (see  Heal-Bngine.)  Energy  which 
cannot  be  reconverted  to  its  previous  form  is  said  to  be  dimjpaJted,  Dissipation  of  energy  is 
constantly  going  on  throughout  the  universe..  Thus,  the  energy  of  the  sun*s  rays  produce 
streams  of  water,  winds,  and  currents.  By  its  action  on  plants  it  separates  carbon  from  oxycen, 
a  process  which  is  reversed  when  wood  is  ignited.  The  moon  and  the  son  give  rise  to  tidal 
energy.    Tkrmigh  all  the$e  channdi  energy  i*  being  eoneUinUy  dinipated. 

Taking,  therefore,  the  forms  of  energy  as  classified  under  the  artide  energy,  we  find  that 
kinetic  energy  of  visible  motion  may  be  traced  into  visible  potential  energy,  neat  actual  and 
potential,  and  electricity.  Visible  potential  energy  may  become  actual  or  luetic,  and  tlurongh 
this  may  pass  into  the  other  forms.  Electricity,  kinetic  and  potentia],  may  be  tnmsfonned  into 
energy  of  visible  motion,  into  heat  or  light,  and  into  chemical  action,  or  the  potential  energy  of 
chemical  separation,  and  all  these  again  may  reproduce  electricity.  Heat  may  produce  vidble 
motion,  electricity,  or  chemical  action ;  so  that,  either  mediately  or  immediately,  each  form 
may  produce  any  of  the  others.  Actual  energy,  of  all  forms,  may  be  transformed  into  potential 
energy,  and  may  remain  in  this  state  for  anlndefinite  period  cf  time.  The  eneigy  of  heat, 
whidi  is  derived  from  the  combustion  of  coal,  was  originally  derived  from  ndiant  heat  and 
light  received  from  the  son,  but  baa  been  remaining  in  store  for  agea. 
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Sir  John  Henchel  wrote  the  following  remarkable  passage  on  the  tranaf oimationfl  of  this 
solar  force : — 

**  The  Ban*8  rays  are  the  ultimate  source  of  almost  every  motion  which  takes  place  on  the 
■nrfaoe  of  the  eajrth.  By  its  heat  are  produced  all  winds,  and  those  disturbances  in  the  eleotrie 
equilibrium  of  the  atmosphere  which  give  rise  to  the  phenomena  of  L'ghtning,  and,  probably, 
alio  to  terrestrial  magnetism  and  the  aurora.  By  their  vivifying  action  v^etables  are  en&Ued 
to  draw  support  from  inorganic  matter,  and  become,  in  their  turn,  the  support  of  «ttiima.l«  ud 
man,  and  the  source  of  those  great  deposits  of  dynamical  efficiency  which  are  laid  up  for  human 
use  in  our  coal  strata^  By  them  the  waters  of  the  sea  are  made  to  circulate  in  vaponr  throogfa 
the  air,  and  irrigate  the  land,  producing  springs  and  rivers.  By  them  are  produced  all  disturb- 
ances of  the  chemical  equilibrium  of  the  elements  of  nature,  which  by  a  series  of  compositloBS 
and  decompositions  give  rise  to  new  products  and  originate  a  transfer  of  materials.  £ven  the 
alow  degradation  of  the  solid  constituents  of  the  surface,  in  which  its  chief  geological  change 
oonsista,  is  almost  entirely  due,  on  the  one  hand,  to  the  abrasion  of  wind  or  rain  and  the  aJtefna- 
tion  of  heat  and  frost ;  on  the  other,  to  the  continual  beating  of  sea  waves  agitated  by  windi^ 
the  results  of  solar  radiation.  Tidal  action  (itself  partly  due  to  the  sun^s  agency),  exercisea  hero 
a  comparatively  slight  influence.  The  effcMct  of  oceanic  currents  (mainly  onginating  in  that 
influence),  though  slight  in  abrasion,  is  powerful  in  diflFusing  and  transforming  the  matter 
abraded ;  and,  when  we  consider  the  immense  transfer  of  matter  so  produced,  the  increasB 
of  pressure  over  large  epaces  in  the  bed  of  the  ocean,  and  diminution  over  corresponding 
portions  of  land,  we  are  not  at  loss  to  perceive  how  the  elastic  force  of  subterranean  fixes, 
thus  repressed  on  the  one  hand  and  released  on  the  other,  may  break  forth  in  points  where 
the  resistance  is  barely  adequate  to  their  retention,  and  thus  bring  the  phenomena  of  even 
volcanic  activity  under  the  general  law  of  solar  influence.'* 

We  have  seen  that  there  can  neither  be  creation  nor  annihilation  of  eneigy  so  that  the 
total  amount  in  the  universe  is  constant.  The  establishment  of  this  general  law  has  suggested 
the  inquiry  into  the  origin  of  the  sun's  energy.  Theories  of  combustion  have  beeen  pxo- 
pounded,  but  it  has  been  clearly  shown  by  Sir  W.  Thomson  that  chemical  oombinatioa  is 
inadequate  to  produce  the  solar  heat.  Mr.  Waterston  proposed  a  theory  which  has  found  considera- 
ble favour,  and  is  usually  termed  the  meteoric  theory.  He  considered  that  the  existence  of  the 
masses  of  matter  which  are  known  to  be  moving  through  space  together  with  the  law  of  gravita- 
tion is  quite  sufficient  for  the  production  of  the  heat  of  the  sun.  It  is  highly  probable  that 
meteoric  masses  of  matter  frequently  come  into  collision  with  the  sun,  and  that  their  mechanical 
force  is,  in  consequence,  converted  into  heat ;  but  there  is  nothing  to  show  that  the  shower  of 
meteors  is  such  as  would  restore  to  the  sun  all  the  heat  which  he  gives  out.  Indeed,  from  what 
we  are  able  to  see  of  the  dissipation  of  energy  and  the  operation  of  the  principle  of  degradation 
throughout  the  universe,  there  is  reason  to  believe  that  the  sun  emits  more  heat  than  he  re- 
ceives and  that  only  a  sufficient  length  of  time  is  required  for  the  complete  dissipation  of  the 
solar  energy. 

TRANSMUTATION  OF  KAYS.  A  term  introduced  by  Professor  ChalHs  in  1865  {PkSL 
Mag,,  p.  336),  to  express  the  alteration  which  rays  undergo  when  they  are  submitted  to  certain 
actions.  In  Professor  Stokes'  experiments  on  fluorescence,  the  ultra-violet  rays  of  the  8pectmm» 
which  possess  great  refrangibility,  and  are  incompetent  to  excite  vision  because  their  rapidity 
of  vibration  is  greater  than  than  that  of  any  visible  rays,  have  their  velocity  reduced,  and 
their  refraagibSity  lowered,  when  they  at  once  become  visible.  So  also  in  Professor  l^dall'a 
experiments  on  cslorescence,  the  idtra*red  rays  of  the  spectrum  which  possess  low  refrangibility, 
and  are  caused  by  vibrations  which  are  too  slow  to,  excite  the  sense  of  vision,  have  thcSr 
refrangibility  raised  and  their  velocity  increased,  and  then  become  visible  In  both  instances 
invisible  rays  are  transmuted  into  visible  rays.  (See  Fhtorucence;  Calore^cence ;  Obicwre 
Meat.) 

TRANSPARENCY.  {Trans,  through  ;  and  pareo,  to  appear.)  That  property  of  a  body 
which  allows  rays  of  light  to  pass  through  it.  It  is  the  opposite  to  opacity,  and  like  this  tenn 
is  sometimes  extended  to  the  whole  spectrum.  Thus  we  speak  of  a  solution  of  iodine  in  bisul- 
phide of  carbon  as  being  transparent  to  heat,  and  of  rock  crystal  as  being  transparent  to  the 
actinic  rays. 

TRANSVERSE  MAGNET.  A  name  given  to  ban  magnetised  in  a  direction  at  rjgfat 
angles  to  their  length  ;  so  that  they  have  their  poles  at  their  sides  instead  of  at  their  ends. 

TRAVELLING  BAROMETER.    See  Barometer. 

TREVELYAN'S  EXPERIMENT.  In  1805  a  curious  observation  was  made  in  some 
smelting  works  in  Saxony.  A  mass  of  hot  silver  had  been  placed  upon  an  anvil  to  cool,  and 
while  cooling  a  peculiar  humming  sound  was  heard  to  proceed  from  the  silver,  which  was  in  a 
state  of  rapid  reciprocal  motion.    In  1829  Mr.  Arthur  Trevelyan  by  chance  laid  a  hot  soldering- 
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iron  upon  a  mass  of  lead,  and  here,  as  in  the  case  of  the  diver,  a  sound  was  heard,  and  the 
■oldering'iron  was  observed  to  be  in  oscillation.  This  led  Mr.  Trevelyan  to  make  a  number  of 
experiments  on  the  subject,  with  a  view  of  ascertaining  the  cause  of  the  sound,  and  the  best 
means  of  producing  it,  and  he  devised  an  instrument  for  the  purpose  which  is  known  as 
**  TrtvdyaiCi  InttrumenL"  It  consists  of  a  thick  piece  of  brass  about  four  indies  long  by  two 
inches  wide,  and  of  a  vaiying  thickness  in  the  same  instrument  of  from  three-quarters  of  an 
inch  at  the  thickest  portion  to  one  quarter  or  less  at  the  edges.  In  form  it  is  sometimes  trian- 
gular, sometimes  oblong,  with  one  of  its  broad  sides  convex.  Lengthwise  there  is  a  groove  in 
tiie  oonvex  side  of  the  brass,  and  a  bar  of  metal  about  a  foot  long  is  connected  with  the  brass 
to  serve  as  a  handle  for  convenience  in  removing  it  from  the  fire.  The  grooved  piece  of  brass 
is  called  the  rocker^  and  is  the  representative  of  the  silver  ingot,  and  of  the  soldering  iron,  in 
the  original  experiments.  It  is  heated  to  a  temperature  of  300*  or  400^  F.,  and  is  then  placed  so 
that  the  grooved  surface  rests  upon  a  block  of  lead.  It  immediately  enters  into  vibration,  and 
a  dear  musical  note  is  heard,  which  may  be  varied  in  pitch  by  weighting  the  rocker ;  most  con- 
veniently  by  slight  pressure,  as  with  the  point  of  a  pendl.  Some^nes  the  rocker  consiBts  of  a 
oonvex  piece  of  brass  without  a  groove,  which  is  placed  upon  a  ring  of  lead  deeply  grooved 
beneath  the  brass  rocker.  In  either  case,  there  are  two  different  me^ds  in  contact  by  meana 
of  two  sharp  edges,  and  the  cause  of  the  musical  note  produced,  is  the  same.  It  is  caused  by 
the  sudden  expansion  by  heat  of  the  cold  metal  with  which  the  hot  rocker  is  in  contact.  At 
the  point  of  contact  a  small  bump  is  raised  on  the  lead  by  the  heat  of  the  rocker,  and  tins  tilts 
up  the  rodcer,  and  causes  another  portion  of  it  to  come  in  contact  with  the  lead  on  the  other 
edge  of  the  groove ;  a  second  bump  now  rises,  and  throws  back  the  rodcer  to  the  other  side, 
and  so  on.  These  redprocal  motions  follow  each  other  with  suffident  rapidity  to  produce  a 
musical  note.  Of  course,  the  amplitude  of  oscillation  of  the  rocker  is  exceedingly  small ;  to  tiie 
eye  the  motion  is  scarcely  apparent,  but  when  a  mirror  is  attached  to  the  upper  surface,  and  a 
l>eam  of  light  reflected  ther^rom  to  a  distance^  this  long  index  enables  the  vibratorv  motion 
to  be  distinctlv  followed.  Gore*8  roUing  balls  are  instances  of  the  same  effect.  A  light  metal 
ball  is  placed  between  two  metal  rails,  and  serves  to  connect  them ;  and  by  this  means  to  dose 
the  circuit  of  a  voltaic  battery,  with  the  opposito  poles  of  which  tiiey  are  connected.  At  the 
contact  of  the  ball  with  the  rails,  the  electric  current  suffers  a  greater  resistance  than  when 
passing  through  the  continuous  metals ;  hence  heat  is  devdoped,  the  portion  of  the  rail  imme> 
diatdy  beneaUi  the  ball  is  raised,  and  the  ball  moves.  This  action  is  obviously  analogous  to 
that  whidi  causes  the  movement  of  the  rocker  in  Trevdvan's  experiment. 

Commenting  on  tibe  production  of  motion  and  of  sound  in  the  Trevelyan  experiment,  ^I^dall 
says : — *'  Looked  at  with  reference  to  the  connection  of  natural  forces,  this  experiment  is  inter- 
esting. The  atoms  of  bodies  must  be  regarded  as  all  but  infinitdy  numerous.  The  aucimenta- 
tion  of  the  amplitude  of  any  oscillating  atom  by  the  communication  of  heat  is  insensible,  but 
the  summation  of  an  almost  infinite  number  of  such  augmentations  becomes  sensible.  Such  a 
summation,  effected  almost  in  an  instant,  produces  a  ripple,  and  tilts  the  heavy  mass  of  the 
rocker.  Here  we  have  a  direct  conversion  of  heat  into  oonmion  mechanical  motion.  But  the 
tilted  rodcer  falls  again  bv  gravity,  and  in  its  collision  with  the  block,  restores  almost  the  pre- 
cise amount  of  heat  which  was  consumed  in  lifting  it.  Here  we  have  the  direct  conversion  of 
oommon  gravitating  force  into  heat.  Again,  the  rocker  is  surrounded  by  a  medium  capable  of 
being  set  in  motion.  The  air  of  this  room  weighs  some  tons,  and  every  partide  of  it  is  diaken 
by  the  rocker,  and  every  tympanio  membrane,  and  every  auditory  nerve  present  is  similarly 
shaiken.  Thus  we  have  the  eonveraion  qfa  portion  of  the  heat  itUo  tound.  And,  finally,  every 
sonorous  vibration  which  speeds  through  the  air  of  this  room,  and  wastes  itself  upon  the  waUsy 
Mats,  and  cushions,  is  converted  into  tiie  f onn  with  which  the  cycle  of  actiona  oommeaoed, 
aamdy,  into  heat*' 

TBTATiKALAMIDES.    QetAmideu 

TBIAMIDES.    See  Amidee. 

THIAMINES.    SeeAmidei. 

TBIANGLS  OF  FOBCES.  This  prindple  is  thus  enrndated:— When  three  forces  acting  <m 
a  partide  can  be  represented  in  magnitude  and  direction  by  the  three  sides  of  a  triangle  taken  in 
oraer,  they  will  be  m  equilibrium.  TUs  is  an  easy  deduction  from  the  parallelogram  of  foroes 
(see  dompoekum  of  Foreei) ;  for  if  we  obtain  a  psnlldogram,  of  which  two  adjacent  sides  re- 
present two  of  the  foroes,  and  the  diagonal  their  resultant,  we  can  see  that  a  force  equal  and 
opposito  to  the  resultant  will  keep  the  system  in  equilibrium.  This  is  the  mdae  effect  given 
1^  taking  the  sides  of  the  triangle  in  order.  Thus  the  foroes  represented  bv  the  sides  of  the 
triangle  AB  C,  act  in  a  direction  respectivdy  from  A  to  B,  from  B  to  C,  and  from  C  to  A.  If 
one  he  reversed,  they  no  longer  represent  forces  in  equilibrium.  The  directions  of  the  f oroei 
are  supposed  to  past  through  a  pointy  and  the  aides  of  the  triangle  to  be  paralld  to  them. 


rW  652  TUN 

The  convene  of  thu  propoiitioii  b  also  tn]&  When  throe  forces,  acting  on  a  partide,  are  in 
<)qnilibrium,  the  sides  of  any  triangle  which  are  parallel  to  the  lines  of  action  of  the  forces  are 
also  proportional  to  the  forces.  Again,  applying  the  geometrical  principle  that,  if  there  be  two 
triangles,  such  that  the  sides  of  one  are  respectiveiy  perpendicular  to  tiiose  of  the  other,  then 
these  sides  are  proportional,  we  can  further  add  to  the  above  proposition,  that  if  lines  be  drawn 
perpendicular  to  the  direction  of  the  forces,  they  will  be  proportional  to  the  forces. 

From  the  triangle  of  forces  it  follows  that,  when  three  forces,  acting  on  a  point,  and  in  dif« 
ferent  directions,  are  in  equilibriom,  the  sum  of  any  two  is  greater  than  the  third.  The  ooly 
case  where  the  sum  of  any  two  forces  may  be  equal  to  the  third  is  when  the  triangle  vanishes, 
and  the  forces  all  act  in  the  same  straight  line,  the  first  two  being  opposite  in  direction  to  the 
third.  Again,  if  three  forces  in  the  same  plane,  not  parallel,  are  in  equilibrium,  their  directians 
pass  through  the  same  point.  For  if  two  meet  in  a  pomt,  they  may  be  replaced  by  their  result- 
ant ;  and  in  order  that  this  resultant  may  be  in  equilibrium  with  tne  third  force,  they  must  act 
in  the  same  straight  line,  and,  consequently,  the  line  of  action  of  the  third  foroe  must  pass 
through  the  intersection  of  the  first  two. 

TRIANGULA.  (The  triangles.)  Triangulum  Boreale,  or  the  northern  triangle,  fonned 
one  of  Ptolemy's  constellations.  Hevelius,  with  his  accustomed  ingenuity  in  devising  uselen 
additions  to  the  celestial  sphere  formed  the  constellation  Triangulimi  Minus.  The  two  triang^ 
are  now  conveniently  included  in  one  asterism  under  the  name  Triansula. 

TRIANGULUM.    (Abbreviated  from  Triangulum  AuUraU,  the  Southern  Triangle.)     One 
i  f  Ptolemy's  southern  constellations.  It  contains  several  conspicuous  stan,  and  is  an  altogether 
finer  constellation  than  the  northern  triangle. 
TRIATOMIC  ALCOHOLS.    See  AloohaU,  Serif  of. 
TRICHROISM.    See  Dichroimn. 

TRIETHYL-PHOSPHINE.  An  oiganic  phosphorus  base  (see  PhotpfwruM  Bases)  fonned 
from  phosphuretted  hydrogen,  by  replacing  the  three  equivaleuts  of  hydrogen  by  ethvL  its 
composi.lon  is  (C2H5)iP.  It  is  a  transparent  colourless  liquid,  of  specific  gravity  0'5I2.  It 
boils  at  27  5*"  C.  (261  5^  F.)  Its  odour  resembles  that  of  the  hyadnUi.  It  unites  with  acids^ 
&o  Its  most  remarkable  'jhAracteristic  is  the  delicacy  of  its  reaction  with  disulphide  of  carbon. 
When  the  vapour  of  this  compound  is  allowed  to  fall  upon  a  solution  of  triethyl-pbosphine  in  a 
watdi-glas8>  it  soon  becomes  covered  with  beautiful  red  «37Stal8,  having  the  oompositiain 
2iC|H9),P  CS,.  So  delicate  is  this  test,  that  a  solution  of  triethyl  phosphine  in  iJcohol  may  be 
used  to  detect  the  presence  of  disulphide  of  carbon  in  coal  gas,  very  few  samples  of  which,  when 
allowed  to  bubble  through  the  solution  for  ten  minutes,  faU  to  show  a  red  colour 

TRIPLET.  A  simple  form  of  micrrwcope  similar  to  WoUaston's  Doublet,  but  having  a  third 
lens,  double-convex,  and  of  short  focus  placed  between  the  two  plano-convex  lenses. 

TROMPE.  (Fr.  trombe^  a  trumpet,  a  waterspout.)  An  arrangement  for  producing  a  Uast 
by  means  of  a  stream  of  water  falling  through  a  tube.  It-  was  invented  about  the  middle  of 
the  seventeenth  century.  The  earliest  account  of  the  invention  is  in  a  work  by  Father  Jean 
Fraufois,  published  in  1^55,  in  which  there  is  a  section  entitled  ^*  Du.  Meslange  des  £aux  avec 
1  Air,  et  d'une  invention  pour  exciter  un  vent  impetueux."  Several  modifications  of  the  trompe 
have  been  constructed  since  its  first  invention,  the  main  difference  consisting  in  the  way  in 
which  air  is  allowed  to  enter  the  tube.  The  modem  trompe  consiBts  of  a  large  dstem,  in  which 
there  is  a  constant  depth  of  from  4  to  6  feet  of  water.  From  the  bottom  of  the  dstem  proceed 
two  tubes  from  20  to  30  feet  long,  the  lower  extremities  of  which  pass  into  a  wooden  wind- 
chest,  furnished  with  an  arrangement  for  keeping  the  water  at  a  certain  level,  so  that  no  air 
can  escape  except  by  a  blast-pipe  in  the  upper  -psixt  of  the  chest.  Beneath  the  lower  extremity 
of  each  tube  there  is  a  flat  iron  plate  to  braihk  the  fall  of  the  descending  water.  The  upper  part 
of  each  tube  is  contracted  at  the  point  where  it  joins  the  cistern,  and  immediately  beneath  the 
oontracted  part  four  holes  are  made  in  the  circumference  of  the  tube.  When  water  is  allowed 
to  flow  from  the  dstem  into  the  air-chest,  a  quantity  of  air  is  carried  down  with  it,  and  a  per- 
fectly regular  and  constant  current  of  air  issues  from  the  blast  pipe.  For  the  history  of  the 
trompe,  explanations  of  the  cause  of  the  descent  of  air  in  different  modifications  of  the  instru- 
ment, and  an  account  of  the  most  favourable  conditions  under  which  air  is  carried  down  by  a 
stream  of  water,  see  Mr.  G.  F.  Rodwell's  paper  in  the  Philosophical  Magazine  for  Sept.  1864* 
TROPICAL  YEAR.    See  Fcor, 

TROPICS,  (rpon^,  a  turning  about.)  In  astronomy,  the  paraUelB  of  dedination  thzofuf^ 
the  Run*s  solstices.    (See  Cancery  and  Capricomus) 

TUNGSTEN.  A  metallic  element  scarcely  known  in  the  pure  state,  but  it  appeals  to  be 
very  hard  and  infusible,  and  of  an  iron  gray  colour.  Snedfic  gravity  17  to  18.  Atomic 
weight  184.  Symbol  W.  (from  Wolfram).  The  only  compound  yMch  need  be  noticed  is  the 
truKcidc  of  tungsten  (WOj.)    This  is  a  lemon  yeUow  powder  of  spedfic  gravity  $'ij.    It  unitei 
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with  bases  to  f  onn  salts  called  tangstates.  Of  these  the  sodium  salt  (Na^O.WOs)  is  of  some 
importance  as  a  mordant  in  dyeing  and  calico  printing,  and  it  has  also  heen  proposed  for 
rendering  textile  fabrics  uninflammable. 

TURACINE.  An  animal  pigment  discovered  by  Professor  Church  in  the  primaiy  and 
secondary  pinion  feathers  of  four  species  of  Totoaco  or  Plantain-eater.  It  contains  5*9  per 
cent,  of  copper  which  cannot  be  removed  without  the  destruction  of  the  colouring  matter  itself. 
The  spectrum  of  Turadne  shows  two  black  absorption  bands.    (See  PhU,  Tram,  1869.) 

TURBINE.  {TurbOf  anything  which  revolves.)  A  horizontal  water-wheel,  with  inclined 
vanes  attached  to  the  spokes,  so  as  to  form  portions  of  the  surface  of  a  screw,  like  the  saOs 
of  a  windmill.  A  stream  of  water  descends  on  the  wheel,  passes  through  it,  and  causes  it  to 
revolve. 

In  1849  Mr.  Ruthven  patented  a  turbine  screw  for  steam  ships,  which  has  been  ta:ied  with 
some  success  in  the  iron-dad  gun-boat  Waterwitch.    (See  also  Water  wkeds. ) 

TURBITH  MINERAL.    &ee  Sulphates ;  Mercury. 

TURPENTINE,  OIL  OF.  A  volatile  spirit  of  the  composition  (CioHj^),  extracted  by  dis- 
tillation from  the  visdd  resin  exuding  from  coniferous  trees.  Its  specific  gravity  is  about  0*86, 
and  its  boiling  point  about  170**  0.  (338"*  P.),  but  this  varies  in  different  samples.  It  is  a 
colourless  mobile  liquid  of  a  peculiar  strong  odour,  insoluble  in  water,  and  much  used  as  a 
solvent  for  many  gtims  and  resins. 

TWILIGHT.  The  light  which  contmues  after  the  sun  has  set.  It  is  due  to  the  fact  that 
the  sun  illuminates  part  of  the  atmosphere  above  the  horixon-plane  of  the  observer,  some  time 
after  he  has  set.  Under  the  head  Atmosphere  wiU  be  found  some  remarks  on  the  height  of  the 
atmosphere  as  deduced  from  the  duration  of  twilight.  It  is  usually  considered  that  twilight 
lasts  until  the  sun  is  about  iS**  below  the  horizon.  Twilight,  therefore,  lasts  longer  in  high 
than  in  low  latitudes,  because  in  the  former  the  snn*8  path  ia  inclined  at  a  smaller  angle  to  Ihe 
horizon,  so  that  he  has  to  traverse  a  longer  arc  before  his  vertical  depression  below  the  horizon 
is  so  much  as  i8^  In  summer,  in  latitudes  higher  than  484°,  there  is  no  real  night,  because 
the  sun's  midnight  depression  below  the  horizon  being  in  spring  the  complement  of  the 
latitude,  and  in  summer  234  degrees  less,  is  for  such  latitudes  less  at  midsummer  than  I8^ 

TYCHONIC  SYSTEM.  The  ^stem  by  which  Tycho  Brahe  endeavoured  to  account  for 
the  motions  of  the  sun,  moon,  and  pumets.  He  supposed  that  all  the  planets  drde  round  tiie 
sun,  but  that  the  sun  and  moon  circle  round  the  earth. 

TYPES,  MULTIPLE  AND  MIXED.    According  to  Dr.  Odling  :— 


HaJSTs 

Biohlortds. 
Dihydrate. 
Diamide. 

Trichloride. 
TMhydrate. 
Trlamido. 

8"Cli 

B"'H30« 
B"'H«Ns 

Zd''C1« 

Zn"H4l^ 

Sb'"Cl| 

Bb'"HiCW 

Etn"CU 
£tii"H«Oi 

0!y'"a, 
Gly'"HjSi 

rna 

ret 

CUoiid-liydrate. 
Chlorid-smlds. 

go^ja 

^}? 

^}? 

TYPHOON.    See  Winds. 


ULMIC  ACID.    See  Bwmk  Aeid. 

ULMIN  ACID.    See  ffumie  Acid. 

ULTRA-RED  RAYS.    See  Obseun  Beat;  Cat^racenee. 

ULTRA-VIOLET  BAYS.    See  Aetmiim. 

UMBRA.    See  Edipse  and  Penumhra,      

UNANNEALED  GLASS,  DOUBLE  REFRACTION  OF.  Pieces  of  unaimealed  glsM 
cut  and  polished  to  the  shape  of  cubes,  discs,  triangles,  ftc.,  are  frequently  used  for  exhibiting 
the  phenomena  of  coloured  polarisation.    The  state  of  tension  in  which  the  partides  are  kept 
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renders  the  glass  double  refracting,  and  when  examined  in  the  polarisoope  a  brilliant  CQlomed 
pattern  and  a  black  or  white  cross  are  seen.     (See  PclariaoBtion  of  Light,) 

UNDULATOBY  THEORY  OF  LIGHT.  The  theory  of  light  generally  adopted  at  the 
present  day.  It  pre-suppoees  the  existence  of  a  universal  ethereal  medium  infiiiitely  elastic  and 
subtle  pervading  all  space.  The  sensation  of  light  is  occasioned  by  rapid  oscillations^  vibratiaos, 
or  waves  in  this  imponderable  ether.  A  luminous  body,  a  candle,  for  instance,  is  supposed  to 
be  capable  of  exciting  these  vibrations,  which  are  thence  transmitted  in  all  directions  in  stnlglit 
lines  with  a  velocity  of  about  192,000  miles  per  second.  The  analogy  which  exists  between  the 
phenomena  of  light  and  sound,  as  well  as  the  remarkable  ooncordance  between  the  observed 
phenomena  of  light  and  those  predicted  by  mathematical  investigation,  render  it  in  the  highest 
degree  probable  that  the  undidatory  theory  of  light  is  very  near  the  true  one. 

Sir  John  Herschel  gives  the  following  table  of  the  number  of  waves  comprised  within  the 
space  of  an  inch,  constituting  differently  coloured  lights  ;  also  the  number  of  each  which  sfarike 
upon  an  object,  the  eye  for  instance,  in  one  second  of  time  : — 

Number  of  TJndiilstioiui 
inaaeoond. 

458,000000,000000 

477,000000,000000 

495,000000,000000 

506,000000^000000 

5 1 7,000000,000000 

535,000000^000000 

555,000000^000000 

577,000000,000000 
600,000000,000000 
622,000000,000000 
644,000000,000000 
658,000000,000000 
672,000000,000000 
699,000000,000000 
727,000000^000000 

UNIAXIAL  CRYSTALS.    Bee  CryiUiU,  Optic  Asm  of . 

UNISON.  {Unuif  one;  and  tonut,  sound.)  In  music  an  accordance  or  ooincidenoe  of 
sounds  proceeding  from  an  equality  in  the  number  of  vibrations  per  second  of  the  bodies  pro- 
ducing them,  as  in  the  notes  produced  by  two  strings  of  the  same  length,  tliiVlrnft^  and  t<mgiffn 

UNIT  MAGNETIC  POLE.  D^nUion,  A  unit  magnetic  pole  when]  placed  at  unit  of 
distance  from  an  equal  and  similar  pcde  repels  it  with  unit  of  force. 

In  electrical  and  magnetic  measurements  the  metrical  system  of  length,  mass,  Ac.,  axe  now 
employed  by  the  most  accurate  writers,  and  by  the  best  dectridans.  Acccnding  to  this  system 
the  particularised  definition  of  a  unit  magnetic  pole  stands  thus  : — a  unit  magnetic  pole  when 
placed  at  a  distance  of  one  centimetre  (0*3937  indies)  from  an  equal  and  similar  pole  repds  it 
with  a  force,  which  if  applied  to  a  mass  of  one  gramme  (15*43  grains)  for  one  second  would 
generate  in  it  a  velodty  of  one  centimetre  per  second. 

UNIT  OF  HEAT.  As  thermometers,  (although  literally  tneoiuren),  only  indicate  idative 
quantities  of  heat,  it  is  necessary  in  all  cases  in  which  we  desire  to  measure  an  absolute  amount 
of  heat,  to  adopt  some  definite  uid  fixed  quantity,  some  standard  or  unit  in  terms  of  which  we 
can  express  any  other  quantities  we  may  desire  to  notify.  The  unit  of  heat  generally  adopted 
in  this  country  is  the  amount  of  heat  competent  to  raise  one  pound  of  water  through  i**  of 
Fahrenhdt's  scale.  The  weight  is  avoirdupois,  and  the  water  is  weighed  in  vacuo  at  a  tempe^ 
cture  between  55"  and  60^  F.  Sometimes  the  quantity  of  heat  necessary  to  raise  I  lb.  of  water 
from  0°  to  I**  Centigrade  is  taken  as  a  unit,  while  on  the  continent  the  unit  or  calorie  is  the 
quantitv  of  heat  necessary  to  raise  I  kilogramme  of  water  from  o**  to  i**  C.  The  former  of  these 
Is  readily  converted  into  the  latter,  for  I  calorie  is  equal  to  2*2  of  the  unit  in  which  i  lb.  and 
I*  C.  are  the  terms,  while  this  latter  is  equal  to  o'45  calorie. 

UNITS,  ELECTRICAL.  The  units  now  generally  employed  in  electrical  measai«meiit8 
are  those  dedded  on  by  the  committee  appointed  by  the  Britudi  d^Lssodation  for  the  Advance- 
ment of  Sdence,  to  consider  the  standards  of  dectrical  resistance.  It  appeared  to  the  com- 
mittee that  the  only  system  consistent  with  our  present  knowledge  of  the  relations  existing 
between  electrical,  magnetic,  thermal,  and  chemical,  phenomena,  and  of  tiiedr  connection  with 
the  fundamental  units  of  time,  space,  and  mass,  is  that  known  as  the  "absolute'*  system,  in 
which  the  units  employed  are  directly  derived  from  those  funduiental  units.    There  are  four 


Colonn  of  the 

Namber  of  Undulations 

Spectrum. 

In  an  inch. 

Extreme  red. 

37640 

Rod,      .        .        .        . 

39180 

Intermediate, 

40720 

Orange, 

41610 

Intermediate, 

42510 

Yellow, 

44000 

Intermediate, 

45600 

Grreen,  .        .        .        < 

47460 

Intermediate, 

49320 

Blue,     .        .        .        , 

51110 

Intermediate^ 

52910 

Indigo,  .        .        .        . 

54070 

Intermediate, 

55240 

Violet,  . 

57490 

Extreme  violet,     . 

59750 
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electrical  elements  capable  of  measurement,  strength  of  the  current,  electro-motive  force, 
resistance,  and  quantity;  and,  taking  into  consideration  the  work  done  by  the  current,  the 
units  are  defined  bo  as  to  satisfy  the  following  relations  which  have  been  shown  to  be  possible 
by  the  researches  of  Weber,  Thomson,  and  Hehnholtz.  "  The  unit  current  conveys  a  unit 
quantity  of  electricity  through  the  circuit  in  a  unit  of  time.  The  unit  cuirent  in  a  conductor  of 
unit  resistance,  produces  an  effect  equivalent  to  the  unit  of  work  in  the  unit  of  time.  The 
unit  current  will  be  produced  in  a  circuit  of  unit  resistance  by  the  unit  electro-motive  force.*' 
There  ia  one  more  condition  added,  which  ia  one  or  other  of  the  following.  "  The  unit  current, 
flowing  through  a  conductor  of  unit  length,  will  exert  the  unit  force  on  a  unit  magnetic  pole  at 
a  unit  distance,"  or  '*the  unit  quantity  of  electricity  will  repel  a  similar  quantity  at  the  unit 
distance  with  a  unit  force."  Each  of  these,  satisfying  also  one  or  other  of  the  last  conditions  is 
a  consistent  system  ;  one  is  founded  on  the  estimation  of  electric  quantities  by  electro-magnetic, 
the  other  by  electrostatic  effects.  When  the  unit  of  electric  resistance  is  decided  on,  the 
magnitudes  of  the  imits  in  the  two  systems  are  determined.  These  magnitudes  are  not  the 
same,  but  they  bear  to  each  other  a  fixed  relation  which  has  been  detennined.  The  following 
is  the  way  in  which  the  unit  of  resistance  is  defined : — 

When  a  wire  is  moved  across  the  lines  of  magnetic  force  a  current  is  generated  in  it  whose 
strength,  other  things  remaining  the  same,  is  proportional  to  the  number  of  lines  cut  in  a. 
given  time.  Suppose  that  a  rod  one  metre  long  were  caused  to  slide  upon  two  conducting  rails 
in  connection  with  the  earth,  placed  in  such  a  position  that  the  rod  in  its  motion  upon  the  rails 
cuts  the  horizontal  lines  of  the  earth's  magnetic  force  at  right  angles,  and  let  the  whole 
resistance  of  the  circuit  thus  formed  be  by  some  means  kept  constant  for  eveiy  position  of  the 
slider.  If  the  slider  be  moved  along  with  a  fixed  velocity  a  current  whose  strength  depends 
upon  the  electric  resistance  in  the  circuit  wHl  be  generated.  Hence  also  the  resistance  of  a 
circuit  is  proportional  to  the  velocity  with  which  a  slider  of  unit  length  must  move  across  a 
magnetic  field  of  unit  intensity  in  order  to  generate  a  unit  current  in  the  circuit.  The  unit 
of  electric  resistance,  then,  is  defined  to  be  that  in  which  a  slider  of  one  metre  length  moving 
with  a  velocity  of  lo  x  lo"  (ten  million)  metres  per  second  across  the  line  of  force  in  a  magnetic 
field  of  unit  intensity  would  generate  unit  current. 

To  perform  the  experiment  just  indicated  would  be  scarcely  possible,  but  by  a  method  sug- 
gested by  Thomson,  and  used  experimentally  by  Messrs.  Maxwell,  Balfour  Stewart,  and  Jenldn, 
ihe  resistance  of  various  wires  have  been  determined  in  terms  of  this  absolute  unit  of  resistance, 
and  coils  have  been  constructed  whose  resistance  in  terms  of  it  is  accurately  known,  and  copies 
of  the  absolute  unit  carefully  constructed  by  comparison  with  them  are  furnished  through  the 
British  Association. 

For  further  details  on  this  subject,  and  for  the  proof  of  the  fundamental  propositions  which 
we  have  referred  to  above,  the  reader  may  consult  the  reports  of  the  committee  to  the  British 
Association  from  year  to  year  since  1862,  and  especially  that  of  1863,  of  which  the  above  is  a 
very  brief  abstract. 

The  following  table  gives  a  comparison  of  the  various  units  that  have  been  proposed  for 
measuring  electrical  resistances,  in  tenns  of  the  British  Association,  or  absolute  unit^  the  ohmad 
as  it  is  sometimes  called : — 

B.A.UDlt8L 

B.  A.  unit  or  ohmad.    A  velocity  of  ic/ metres  per  seoood,  •  ixx> 

Absolute—— 3  X  ipy  electro-magnetic  units  (new  determfaatfain),  0*3048 

foot  ,  ) 

Thomson's  unit.    Absolute  j^^^  x  w  electro-magnette  uniti     I         0*3203 

(old  detennination),    .....  ) 

Jaoobi's  unit.    25  feet  of  a  certain  copper  wue  weighing  345  graina^  0*6367 

metre  -     -  .         •        i 

Weber's  unit    Absolute -^^^^  x  lo^   electro>magnet!o  units     I  0*9191 

(1862),  ......  ) 

Siemens*  unit.     One  metre  of  pure  mercury.     One  square  mSlli*  |  o-Qc6r 

metre  section  at  o*G.  (1864  issue),    .  .  .  j  ^y^^i 

Digney's  unit.     I  kilometre  of  iron  wire,  4  mm.  In  diameter.  |  0-266 

Temperature  not  known,         ....  ? 

Varley's  unit.    One  standard  English  mUa  of  one  special  copper  I  ^  ^^^ 

wire  ^  in  diuneter,    .....  t  ^ 

Matthiessen's  unit.    One  standard  English  mile  of  purs  annealed  )  ..._ 

oopperwiie^indiamet«r,att5"'5C.»         •  •  {  ^^^ 
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UNXTKALHAI.    (Arabie.)    The  ttar  a  of  the  consteUation  Taunts. 

UPWARD  PRESSURE  OF  LIQUIDS.    If  a  cylinder  open  at  both  ends  be  bmnened  ni 
▼ertical  position  in  a  liquid,  with  its  upper  end  above  the  liquid's  surface,  the  equilibrinm  d 
the  liquid  will  not  be  disturbed ;  nor  will  any  change  take  place  if  the  lower  end  be  doeed  bji 
thin  plate.    That  plate,  however,  must  be  pressed  downwards  by  the  weight  of  the  cylindiiisl 
column  of  water  above  it,  therefore  it  must  be  pressed  upwards  by  an  equal  force.    If,  vka 
the  plate  is  on  Uie  bottom  of  the  cylinder  the  liquid  in  the  cylinder  is  withdrawn,  one  of  tin 
counteracting  forces  is  removed,  and  the  renudning  or  upward  force  presses  the  plate  on  to  tis 
cylinder  with  a  force  equal  to  the  weight  of  the  liquid  which  was  in  the  cylinder.    Or  in  gassl 
terms,  the  upward  pressure  on  the  bottom  of  a  horizontal  surface  immersed  in  a  liquid  is  equl 
to  the  weight  of  a  column  of  liquid  having  that  surface  for  a  base,  and  the  vertical  distanoeof 
immersion  for  a  height.    The  loss  of  weight  which  a  body  experiences  when  plunged  into  a 
liquid  may  be  deduced  from  this  consideration.    If  a  solid  circalar  cylinder,  with  horiaootil 
ends,  be  immersed  in  a  liquid,  every  unit  of  super6cial  area  will  receive  preasore  propoirtiaoil 
to  its  depth.     (See  Lateral  Pretnire.)    It  is  clear  that  for  every  horizontal  pressure  acting  oat 
unit  of  surface  on  the  round  sides  of  the  cylinder,  there  is  an  equal  and  opposite  one  on  tiie 
other  side  of  the  cylinder.    Each  such  pair  will  be  at  rest,  and  merely  tend  to  crush  the  cjlindet 
On  the  top  surface  of  the  cylinder  there  will  be  a  downward  pressure  equal  to  the  weight  of  tk 
cylindrical  column  of  water  above  it.    On  the  bottom  of  the  cylinder  there  will  be  an  upwud 
peesure,  equal  to  the  weight  of  a  column  of  water,  reaching  from  the  top  of  the  liquid  to  iht 
fx>ttom  of  the  cylinder.     These  two  columns  have  equal  bases,  and  their  pressures  are  therelcn 
proportional  to  their  heights.    Their  resultant  is  equal  to  their  difference.    In  other  words,  tlK 
net  upward  pressure  is  the  difference  in  weight  between  two  columns  of  liquid,  whose  differeioe 
In  length  is  the  height  of  the  cylinder.    Clearly,  therefore,  the  cylinder  is  pressed  upwards  by  s 
force  equal  to  the  weight  of  a  volume  of  water  equal  to  the  volume  of  the  cylinder.     (Compare 
DuplacemetU.) 

URANIUM.  A  metallic  element  not  well  known  in  the  pure  state.  It  is  hard,  and  of  an 
iron  colour,  somewhat  malleable.  Specific  gravity,  18*4.  Atomic  weight,  120.  Symbol,  U. 
The  only  compounds  which  need  be  mention^  here  are  uranie  oxide  (UsO,),  a  yellow  povder 
which  unites  with  bases,  forming  salts  called  uranates.  Uranate  of  ammonia  is  of  a  fine  deep 
yeUow  colour,  slightly  soluble  in  water.  It  is  used  as  a  pigment  under  the  name  of  uraoiian 
yellow.  Uranate  of  sodium  (Na,0.2U20,)  is  a  yellow  crystalline  salt,  almost  insoluble  in  water. 
It  is  much  used  for  staining  glass  and  porcelain,  to  which  it  communicates  a  beautiful  canaiy 
colour.    Glass  coloured  with  uranium  is  very  fluorescent.    (See  Fluoracenee,) 

URANUS.  The  seventh  planet  in  order  of  distance  from  the  sun,  and  the  outamost  but 
one  of  all  the  members  of  the  planetary  system.  Uranus  travels  at  a  mean  distance  of 
1,753,869,000  miles  from  the  sun,  his  greatest  distance  being  1,835,561,000,  his  least, 
1,672,177,000  mUes.  Since  the  earth's  mean  distance  from  the  sun  is  91,430,000  milea^  the 
distance  of  Uranus  from  us  varies  from  about  1,927,000^000  to  i^ut  1,581,000,000  miles.  Ht^ 
eccentricity  of  the  orbit  of  Uranus  is  considerable,  amounting  to  0*046,578  ;  in  fact,  the  centre 
of  his  orbit  lies  outside  the  orbit  of  Venus,  and  nearer  to  tiie  orbit  of  the  earth.  The  inclina- 
tion  of  his  orbit  to  the  equator  is  very  small,  amounting  to  but  464  minutes.  Although  &r  in- 
ferior both  to  Saturn  and  Jupiter  in  mass  and  volume,  he  far  exceeds  the  earth  in  both  respects. 
His  equatorial  diameter  is  estimated  at  33,250  miles,  though,  in  the  case  of  a  planet  sitnated 
at  so  enormous  a  distance  from  the  sun,  considerable  doubt  must  needs  exist  as  to  the  exact 
value.  His  polar  diameter  is  doubtless  considerably  less,  but  the  extent  of  the  compression  of 
Uranus  has  not  been  determined.  His  volume  exceeds  the  earth's  about  74  times ;  but  his  den- 
sity being  but  0*17  (the  earth's  as  i),  his  mass  barely  outweighs  the  earth's  124  times.  It  has 
been  asserted  that  he  rotates  on  his  axis  once  in  about  9^  hours ;  but  verr  little  reliance  can  be 
placed  on  this  statement,  since  even  in  the  most  powerful  telescopes  his  <U8c  presents  an  almost 
uniform  appearance. 

Uranus  was  discovered  by  Sir  William  Herschel  on  March  13,  1781.  At  first,  owing  to  its 
faint  light,  he  regarded  it  as  a  comet ;  but  when  mathematicians  attempted  to  calculate  iti 
orbit  on  the  usuid  assumption  made  in  that  day  with  respect  to  comets,  viz.,  that  the  path  was 
parabolic,  unexpected  difficulties  were  found,  and  Lexell  suspected  at  length  that  the  supposed 
comet  was  a  planet,  moving  in  an  elliptic  orbit  of  small  eccentricity  around  the  sun.  TMs  vbs 
found  to  be  the  case.  Further,  on  carefully  calculating  the  path  of  the  planet  retrogiesstvelTi 
it  was  found  that  it  had  been  observed  before,  and  reocuxied  as  a  fixed  star  by  Flamsteed,  Bisu- 
ley,  Lemonnibre,  and  Mayer.  Lemonnibre,  indeed,  had  observed  it  twelve  different  times,  and 
only  failed  to  recognise  its  planetary  nature  through  the  careless  and  inexact  manner  in  whicb 
he  recorded  his  observations.  For  instance,  one  observation  of  this  very  planet  was  entered  I7 
Lemonnibre  on  a  crumpled  paper  bag  which  had  once  contained  hair>powder. 
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Sir  William  Henchel  proposed  that  the  planet  should  be  called  Georgium  Sidus,  in  honour  of 
Oeoxge  III.  Less  objectionable  by  far  was  the  name  given  by  foreign  astronomers,  who 
called  it  ffeneheL  But,  for  obvious  reasons,  the  name  by  which  it  is  actually  known  is  prefer- 
able to  either. 

Uranus  has  four  recognised  satellites,  but  many  suppose  there  are  at  least  eight,  since  Sir 
'William  Herschel  records  the  discovery  of  six,  and  two  of  those  at  present  recognised  are  not 
identifiable  with  any  of  those  six.  Mr.  Lassell  is  confident,  however,  that,  with  the  tele^pio 
power  employed  by  Heisdiel,  no  satellite  could  have  been  discovered,  whidi  Mr.  Lassell's  four- 
feet  reflector; would  not  have  revealed  under  the  careful  scrutiny  to  which,  with  its  aid,  the 
neighbourhood  of  Uianus  has  been  subjected. 

An  important  part  of  the  lustoiy  of  Uranus  is  that  which  is  associated  with  the  discovery  of 
Neptune.     (See  Nq>tune,) 

UREA.  A  normal  constituent  of  urine.  Formula>  C0H4N(.  It  is  the  last  term  in  the 
series  of  tibe  products  of  oxidation  of  the  nitrogenous  tissues.  The  quantity  depends  on  the 
food  consum^  and  is  connected  with  the  amount  of  labour  undergone.  It  may  be  produced 
artificially  by  evaporating  down  cyanate  of  ammonia^  with  which  it  is  identical  in  composition, 
or  it  may  be  readily  prepared  from  urine  by  dialysis.  (See  IHcdyns.)  It  crystallises  in  long 
flattened  prisms.  It  is  very  soluble  in  water  and  alcohol.  When  heated,  it  melts,  and  then 
decomposes.  It  forms  salts  with  adds,  the  most  characteristio  being  the  nitrate  and  oxalate, 
which  crystallise  readily.    {See  Animal  NutrUion ;  FoodfFuncUomof.) 

URIC  ACIB ;  or,  lAtkie  Acid.  An  important  add  normally  occurring  in  urine  and  other 
secretions.  It  is  a  product  of  the  incomplete  oxidation  of  nitrogenous  tissue.  Formula,  CBN4H4OS. 
In  combination  with  ammonia,  it  is  the  prindpal  urinary  constituent  of  serpents  and  other  land 
reptiles,  insects,  and  birds,  and  is  one  of  the  constituents  of  guano.  Uric  add  is  remarkable  for 
the  number  and  importance  of  its  products  of  decomposition.  The  following  is  a  list  taken 
from  Wa^i  DicUonary,  voL  v.  p.  957,  of  its  prindpal  products  of  deoompodtioa  >^ 

Pseudo-uric  add* 
Uroxanic  add. 


Alloxan. 
Alloxanic  add. 
Alloxantin. . 
Barbituric  add. 
Bromobarbituric  add. 
Bibromobarbiturio 
Yolurio  add. 
Dilituric  add. 
Violantin. 
Bialurio  add. 
Uramil. 
Thionurio  add. 


Hydurilic  add. 
Allanton. 
GlyooluriL 
Mycomdic  add. 
Oxaluricadd. 
AUanturic  add. 
Hydantoin. 
Hydantoic  add. 
AUituricadd. 
Leucoturic  add. 
Purabanic  add. 
Dibarbiturio  acid. 
Murixide. 
Mesoxalio  add. 


(See  Animal  Nvtriiion;  Food,  Fundioni  of.) 

URSA  MAJOR.  (The  Greater  Bear.)  One  of  the  ftust  of  the  northem  constellations. 
Seven  stars  belonging  to  this  constellation  have  long  been  popularly  recognised  as  Charies's 
Wain  (a  corruption  from  Ceorle's  Wain,  the  countryman's  waggon).  This  group  has  also  been 
known  as  the  Butcher's  Cleaver.  Axatus  mentions  that  the  Greek  sailors  were  in  the  habit  of 
directing  their  course  by  this  constellation,  on  account  of  its  proximity  to  the  pole,  until  the 
Phenidans  taught  them  to  observe  in  preference  the  stars  forming  the  constellation  Ursa  Minor. 
There  are  manv  remarkable  double  stiurs  and  nebulse  within  the  limits  of  this  oonsteUation. 
Dubhe,  or  Alpha  Urse  Majoris,  is  variable ;  while  the  star  Ddta  would  seem  to  have  lost  a 
large  proportion  of  its  brilliancy  during  the  last  few  centuries,  since  of  old  the  equality  of  **  the 
seven  stars  "  was  one  of  the  most  remarkable  characteristioa  of  the  system. 

URSA  MINOR.  (The  Lesser  Bear.)  One  of  Ptolemy's  northem  constellations.  It  is 
distinguished  as  indudhig  the  second  magnitude  star  Pdaris,  the  northem  pole  star.  This  oon^ 
stellation  was  the  Cynosura  of  the  andents,  a  name  not  readily  explicable^  unless  it  be  suj^MMed 
that  the  andents  traced  some  resemblance  between  the  group  formed  by  the  stars  4,  5,  /§  and 
y  of  this  consteUatum,  and  the  tail  of  a  dog  {k^w,  a  £g ;  odpd,  a  tail).  The  star  Polaris  is 
double,  the  companion  being  a  well-known  test  of  the  light-gathering  power  of  a  tdesoope.  In 
the  great  Rosse  telescope,  however,  this  star  shines  like  Sinus.  For  unknown  zeasons  a  very 
small  star  dose  Vy  the  north  pole  has  been  called  Blqdisr, 
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VACUITM  TUBES,  Tcaawn  abo  under  the  names  of  Oa$9iots  Tubet  and  OeUdef^t  SUo. 
Mr.  Gaasiot,  in  examining  the  diachaige  of  electricity  through  a  Yacanm  (see  Etectric  Bgg),  pro- 
posed to  do  away  with  the  incumbrance  of  an  air  pump  by  sealing  hermetically,  tabes  exhamted 
to  any  required  degree,  platinum  wires  being  passed  through  their  sides  and  f  luied  into  tbe 
glass.  Greissler  of  Bonn  took  up  the  idea^  and  under  the  advice  of  M.  Pliickery  and  with  fab 
assistance,  produced  tubes  containing  gases  of  all  sorts,  at  all  stages  of  rarefaction,  and  of  tin 
most  varied  shape  and  construction.  These  tubes,  apart  from  their  high  philosopfaicail  inteieiti 
form  some  of  the  most  beautiful  luminous  objects  possible  to  imagine.  The  gen^^  phenomeos 
are  described  under  Electric  Egg,  The  discharge  from  an  induction  coil  being  passed  through  a 
vacuous  space,  gives  rise  to  majgnificent  coloured  light,  filling  the  whole  space,  and  azrangxng 
itself  in  alternate  beds  of  light  and  darkness,  lenticular  shaped,  and  lying  in  planes  at  ngfat 
angles  to  the  lines  in  which  the  discharge  is  taking  place.  The  colour  of  the  light  is  in  genoal 
different  at  the  positive  and  negative  electrodes,  as  are  also  the  shapes  of  the  light  and  dsiic 
beds.  The  colour  depends  upon  the  gas  with  which  the  tube  has  been  filled  before  ezhanstioo ; 
with  common  air  it  is  purple  or  red  at  the  positive  end,  and  blue  or  violet  at  the  n^ative  end. 
In  oxygen  and  nitrogen  somewhat  sunilar,  but  whiter  in  the  case  of  the  former,  and  in  the  caw 
of  the  latter  more  red  at  the  positive  end  and  more  blue  at  the  negative  end  than  in  the  case  of 
common  air.  In  hydrogen  the  light  is  greenish  blue ;  in  carbonic  oxide  bright  green,  yellow  st 
the  positive  end,  and  blue  at  the  negative  end.  In  ammonia  and  sulphurous  add  gas  vnid 
blue  and  lilac  colours  are  obtained. 

In  the  construction  of  the  tubes  the  highest  ingenuity  and  skill  has  been  displayed.  The  focm 
of  them  depends  to  a  certain  extent  upon  whether  they  are  to  be  used  as  instruments  of  invei- 
tigation,  or  for  purposes  of  illustration  and  display.  In  the  f oimer  case  they  are  generally 
nuMle  symmetrical  about  the  points  between  which  the  discharge  takes  place ;  in  the  latter,  the 
shape  is  varied  immensely.  Tubes  of  various  forms  and  size,  straight  and  twisted,  uniform  and 
irregular,  are  used.  Sometimes  tubes  of  smaller  size,  shaped  like  vases  or  bottles,  oat  of  which 
beautiful  light  pours,  are  included  in  exterior  large  tubes  ;  and  in  the  constructing  of  these  in- 
ternal tubes  use  is  frequently  made  of  uranium  ^ass  and  glass  of  various  colours.  We  have 
seen  tubes  of  various  shapes  shut  up  within  exterior  tubes,  and  the  latter  furnished  with  a  hole 
closed  with  a  glass  stopper,  so  that  it  can  be  filled  with  various  solutions  for  obtaining  flnores- 
oent  appearances. 

VALERIANIC  ACID.  A  volatile  liquid  add  of  the  composition  CeH^oO,,  met  wi^i  m 
nature  in  Valerian  root,  and  prepared  artificially  by  the  oxidation  of  amyl  alcohol,  to  which  it 
bears  the  same  relation  that  acetic  add  does  to  vinic  alcohoL  It  has  a  peculiar  disagreeable 
odour ;  its  specific  gravity  is  0-937,  and  it  boils  at  lys"*  C.  (347**  F.)  It  is  slightly  sdnble  in 
water.    Valerianic  add  forms  a  well  crystallised  series  of  salts  with  bases. 

VANADIUM.  A  very  rare  metulic  element,  almost  unknown  in  the  separate  state. 
Atomic  wdght,  51*2  ;  Symbol,  V.  It  belongs  to  the  arsenic,  antimony,  and  bismuth  group* 
Vanadium  and  its  compounds  have  recently  been  submitted  to  detailed  examination  bjr  Fto> 
feesor  Eoscoe,  {PhiL  Trant,,  1868,  p.  I ;  1069,  p.  679),  who  has  obtained  results  of  the  highest 
sdentific  interest.  It  forms  severiJ  oxides,  a  dioxide  (Vfi^),  a  trioxide  (V^Os),  a  tetroadde 
(V,0^),  and  a  pentoxide  or  vanadic  acid  (V,Of ).  The  latter  acts  the  part  of  an  add,  and  foriDS 
a  well  defined  series  of  salts  called  vanadates. 

VAPORISATION.  (Fopor,  vapour.)  In  speaking  of  the  expansion  of  bodies  we  have 
mentioned  that  heat  determines  the  form  in  which  matter  exists ;  and  that  a  liquid  may  ho 
described  as  a  solid  plut  heat,  and  a  gas  as  a  liquid  plui  heat.  The  addition  of  the  pecnlisr 
kind  of  motion  known  as  heat  results  in  a  separation  of  the  molecules  of  the  substance  to  which 
it  is  added  to  a  greater  distsjice  than  before  such  addition,  and  the  greater  the  amount  of  h^ 
added  the  further  will  the  molecules  be  separated.  In  the  course  of  such  separation  chaoges 
of  form  ensue.  VaporiscUion  is  the  change  from  the  liquid  to  the  gaseous  condition  of  matter, 
and  this  may  take  place  according  to  two  prindpal  modes,  the  first  of  which — Evaporation—^ 
the  formation  of  vapour  at  the  fnirface  of  a  liquid,  without  the  production  of  bubbles  of 
vapour,  and  unaccompanied  by  perturbations  of  the  liquid;  the  second— EbuUition — U  the 
formation  of  vapour  within  the  mass  of  a  liquid,  accompanied  by  the  production  of  babbles  of 
vapour,  and  b^  a  consequent  perturbation  of  the  liquid.  (See  Boiling-point;  EvaponU¥»i 
EbvUitum ;  LevdenfrotCu  Experiment.) 

VAPORISATION,  LATENi;  HEAT  OF.    See  L(Uent  ffeaL 
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VAPOUR,  AQUEOUS,  IN  ATMOSPHEKE.  See  aimate;  Dew;  HumidUy;  SaturaUan; 
EUutic  Force,  &c. 

VAPOUBrDENSITIES,  NORMAL.    According  to  Dr.  Odling:— 


MolMoltf  Fonnola. 
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Selenium. 
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Chloroform. 
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Water. 
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Sulphydric  acid. 
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Selenhydric  add. 
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Tellurhydric  add. 
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Stannous  chloride. 
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Corrosive  sublimate. 
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17 
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Phosphine. 

ft 
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Arsine. 

39 
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Stibine. 
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Bismuth  chloride. 
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Boron  chloride. 
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5^7 
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Silicon  chloride. 

170 

»5 
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Stannic  chloride. 
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130 

Cl.Ti 

Titanic  chloride. 
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96 

CLTa 

Tantalic  chloride. 
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Columbic  chloride. 

80 
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Sulphurous  anhydride. 
Sulphuric  anhyinide. 
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Chlorine  disulphide. 
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Sulphur  oxychloride. 
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Chromium  oxychloride. 
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Nitrous  oxide. 

44 

22 
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Nitric  peroxide. 
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Nitric  add. 
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Chloro-nitrous  gas. 
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Phosphorus  oxychloride. 
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Ethylene. 
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22 
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Molaeulsr  Formiil» 

C,  HCljO 
C,  CLO 
C,  H4O, 

C,  Hg  CI 
C,  H.  CL 
C,H«0 
C,H.S 
C,HeO, 

CjHyN 

C,H8N 
C,H.O 

C4  HioO 

^4  HioSj 
Cj  Hjo 
CeH. 
C«H,0 
C,H,N 

CjoHg 


Gm  or  Vi^mar. 

Chloral. 

Perchloral. 

Acetic  acid. 

Tricfaloraoetic 

Ethene. 

Ethyl  chloride. 

Ethylene  dichloEideu 

Alcohol. 

Mercaptaa. 

Glycol 

Ethylamine. 

Ethelen  HiATnitiA. 

Acetone. 

Acetic  ether. 

Ether. 

Ethyl  sulphidide. 

Ethyl  diBiilphid& 

Amylene. 

Phenene. 

Phenol 

Aniline. 

Benzoic  aldehyd. 

Benzoic  add. 

Naphthalene. 

Turpentine. 

Camphor. 


MokcnUr  Weighty 
a  vols. 

HTS 
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60 

163*5 

•30 
64-5 

99 
46 

62 

62 

45 
60 

i 

74 
90 

122 

78 

94 

93 
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122 

128 

136 
152 


VAPOUB  DENSITIES,  ANOMALOUS.    According  to  Dr.  Odlingi— 


Moleciilar  Fomuiln. 

Pi 
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Afl,0, 

AlCl, 

CrCl, 

FeCl, 


HgS 
C1.0, 
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Hg, 
Cd, 
N.O, 

ci,o. 


HjSO. 

NH.Cl 
NH4CN 
NH5S 
PCl^ 


Gm  or  Vapoiir. 

Phosphoros. 
Anenicam. 
White  arsenia 
Aluminic  chloride. 
Chromic  chloride. 
Feme  chloride. 

Cinnabar. 
Chlorous  anhydride. 

Gm  or  Vapour. 

Mercury. 
Cadmium. 
Nitric  oxide. 
Perchloric  oxide. 
Sulphuric  add. 
Ammonium  chloride. 
Ammonium  cyanide. 
Ammonium  sulphydrate. 
Phosphorus  penta^chloride. 
Vanadic  hezachloride. 


Holecnlar  Weight* 

Z  TOl 

62 

198 

134 
159 
1625 


3To1b. 
232 
119 

Moleenlar  Weight* 
4  vols. 

400 

224 

60 

98 

53*5 

44 

51 
208-5 

350 


VCl« 
The  greater  number  of  these  anomalies  are  explicable  or  removeable. 


a^edfle  Gcari^, 
itqL 

737 
91 

817 

15 
32*2 

49.5 

23 

31 

31 
22*5 

30 
29 

44 
37 

61 

35 
39 

47 
465 

61 

64 
68 

76 


Specific  Gravity 

z  vol 

62 
150 
198 

134 
159 
162-5 

ZTOl 
77-3 

397 

Spedfie  GsaTttj, 
z  vol 
100 

56 

15 

34 
24-5 

134 
II 

13 

fri 
>r5 


VAPOUES,  DETERMINATION  OP  DENSITY  OP.  The  determination  of  the 
density  of  vapours  is  an  important  physical  problem.  The  definition  of  the  density  of  a  Tapoor, 
at  a  given  temperature  and  pressure,  is  the  ratio  whidi  the  weight  any  volume  of  the  vmour 
bears  to  the  weight  of  the  same  volume  of  air  at  fiie  same  temperature  and  pressure.  It  ia 
necessary,  therefore,  to  determine  the  weight  of  a  known  volume  of  the  vapour,  or  the  volume 
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of  a  known  weight,  at  the  given  temperature  and  preesnre.  The  weight  of  a  Tolome  v  of  air  at 
the  given  temperature  and  presrare  is  calculated  by  the  well-known  f onnula — 

•»  =  ,x  0-001293  x^j^j-^ 

'where  w  la  the  weight  In  grammes,  v  the  volume  in  cubic  centimetres,  a  the  coefficient  of 
expansion  for  air  per  degree  centigrade  (a  =  0*003665),  t  the  temperature  in  oentiflrade  degrees, 
and  JEf  the  barometric  height  in  centimetres.  To  determine,  therefore,  the  density  of  the 
irapour,  we  must  find  by  experiment  the  weight  of  the  volume  v  of  the  vapour  at  the  tempera- 
ture t  and  pressure  ff,  and  divide  by  w. 

There  are  two  methods  of  determining  the  relation  existing  between  the  volume  and  weight 
of  a  vapour  at  a  certain  temperature  and  pressure.  The  firsts  that  of  Gay-Lussac,  is  the 
following : — ^A  graduated  tube,  closed  at  one  end,  is  filled  and  inverted  over  meripury,  and 
xound  the  tube  there  is  a  cylinder  of  glass  which  is  filled  with  water,  and  covers  the  tube 
completely.  The  glass  cylbider  is  open  at  both  ends,  and  at  one  of  the  ends  dips  bo- 
low  the  mercury  in  the  trough  in  which  the  graduated  tube  is  inverted,  so  that  the  water 
rests  on  the  surface  of  the  mercury ;  and  &e  vessel  in  which  the  mercury  is  contained 
is  of  iron,  and  can  be  placed  over  a  heating  apparatus,  and  thus  the  whole  apparatus,  includ- 
ing the  mercury  and  the  water,  can  be  ndsed  in  temperature.  The  temperature  of  the 
water  is  determined  by  thermometers  suspended  in  it,  and  by  a  stirring  i^pparatus,  the  tem- 
perature is  kept  the  same  throughout  it.  A  very  small  globe  of  extremely  thin  glass  is 
prepared,  and  the  weight  of  the  glass  having  been  ascertained,  the  little  globe  is  filled  com- 
pletely with  the  liquid  whose  density  is  to  be  determined,  sealed  up,  carefully  dried  and  weired 
again,  so  that  the  weight  of  the  liquid  ii  known.  This  is  passed  under  the  mercury  into  the 
interior  of  the  graduated  tube,  and  heat  is  applied  to  the  apparatus.  Soon  the  bulb  of  glass 
bursts,  and  when  the  temperature  is  raised  sufficiently,  the  whole  is  converted  into  vapour,  and 
fills  the  upper  part  of  the  graduated  tube  ;  the  mercury  being  driven  down  it  until  it  stands  at 
a  certain  height^  A  let  us  suppose.  The  temperature  and  the  barometric  height  are  then  noted. 
If  the  latter  (as  we  have  supposed  it  in  the  equation  above,  which  represents  the  weight  of  a 
volume  of  air)  be  denoted  by  If,  the  H—h  will  be  the  pressure  at  which  the  volume  is  mea- 
sured. The  volume  being  noted,  the  density  of  the  vi^ur  is  calculated,  as  we  have  indicated 
above.  It  is  evident  that  this  method  is  only  applicable  to  cases  in  which  the  liquid  ii  easily 
vaporised.  There  are,  however,  many  liquids  wliich  do  not  vi^Kirise  even  at  a  temperature 
of  boiling  water,  and  the  density  of  these  cannot  be  ascertained  in  thii  way. 

The  second  method  of  determining  the  weight  of  a  certain  volume  of  vapour  is  due  to  Dumas. 
A  light  glass  globe  capable  of  containing  half  a  ]itre  or  so,  (about  one-tenth  of  a  gallon,)  is 
employed,  and  the  neck  of  it  is  drawn  out  to  a  long  stem,  terminatittg  in  a  capfllarr  point.  The 
weight  of  the  globe  is  determined  accurately,  and  a  considerable  quantity  of  the  substance 
whose  density  is  to  be  examined  is  put  into  it.  If  the  substance  be  a  solid,  such  as  iodine,  it 
must  be  put  in  before  the  capillary  neck  is  made.  The  vessel  is  then  placed  in  an  iron  pot  in 
which  there  is  water,  (or  if  a  higher  temperature  than  that  of  boiling  water  is  required,  a 
saturated  solution  of  some  salt,  and  sometimes  oil  or  fusible  metal,)  and  in  such  a  position  that 
only  the  capillary  extremity  of  the  tube  may  be  above  the  surface  of  the  liquid,  and  heat  is 
'applied  to  we  iron  vesseL  When  the  temperature  rises  sufficiently,  the  liquid  within  the  glass 
globe  boils,  and  the  vapour  issuing  from  the  capillary  tube  escapes  and  carries  away  the  air 
within  the  globe.  After  some  time  the  whole  excess  of  the  substance  has  been  driven  off,  and 
if  the  experiment  be  properly  performed,  almost  all  the  air  ii  caixied  away  with  it.  The 
globe  is  wen  sealed  with  the  aid  of  a  blow-pipe,  the  temperature  of  the  liquid  surrounding 
it^  and  the  barometric  height  being  noted  at  the  time  of  sealing ;  and  after  being  allowed  to 
cool,  it  is  carefully  wiped  and  weighed.  The  vessel  is  now  put  under  mercury  or  water,  and 
the  end  of  the  capillary  tube  is  broken  off.  The  mercury  or  water  rushes  up  and  fills  the  globe, 
a  vacuum  having  been  created  bv  the  condensation  of  the  vapour  and  any  small  Quantity  of  air 
that  may  have  been  left  behind  m  the  globe  is  then  noticed  and  allowed  for  in  the  subsequent 
calculations.  On  weighing  the  vessel  nill  of  the  liqnid  at  a  known  temperature,  and  deducting 
the  weight  of  the  glass,  it  is  easy  to  calimlata  the  volume  of  the  globe.  From  the  two  previous 
weighings,  we  can  also  ralmlate  the  weight  of  the  globe  full  of  the  vapour  in  question  ;  and 
dividing  this  weight  by  the  weight  of  an  equal  volume  of  air  at  the  proper  temperature  and 
pressure,  the  density  of  the  vi^xrar  is  ascertained. 

*  If  av'  be  the  weight  In  gnlni,  1/  ths  volume  in  coble  inches,  a'  the  coefflelnit  of  expansion  for  air  par 
dagree  Fahrenheit  (a'  as  ~),  tf  the  tempeiatiira  in  dagreea  Akhranhalt,  and  JT  the  barometric  height  in 

British  Inches,  1^ = t' X  0-3095  X  ^jjj^  X  ^ 

2n 
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VARIABLE  AND  TEMPORARY  STABS,  SPECTRA  OF.  Mr.  Huggins  mnd  Dr. 
Miller  have  examined  the  spectmin  of  a  star  in  the  constellation  Northom  Crown,  which  bom 
being  almost  invisible  saddenlj  blazed  oat  until  it  rivalled  the  brightest  star  in  t^e  sky.  Its 
spec&om  was  seen  to  be  of  the  ordinary  stellar  IrTpe,  viz. : — a  bright  spectmm  crossed  by  fine 
black  lines,  bat  upon  this  was  saperposed  another  spectrom  consisting  of  three  very  brig^ 
bands  coincident  with  the  bright  bands  of  hydrogen  ;  as  the  brightness  of  the  star  waned,  these 
bright  lines  faded  and  finally  disappeared  The  inference  from  this  is  almost  irresiBtrble  that 
the  brightness  was  dne  to  a  sadden  conflagration  of  the  star,  hicreasing  its  brilliancy  almost 
eighthundred-fold.  Similar  phenomena  have  been  observed,  though  not  on  so  large  a  scaler  in 
oti^er  stars.    (See  Start,  Spectra  of.) 

VARIABLE  PRISM.  Bosoovich  proposed  to  form  a  prism  with  a  variable  an^le,  oon- 
Bisting  of  a  hemispherical  plano-convex  lens,  moving  in  a  concave  lens  of  the  same  corvature ; 
by  altering  the  position  of  the  convex  lens  the  two  plane  faces  could  be  inclined  to  one  another 
at  any  desired  angle.    (See  Priim,) 

VARIABLE  STARS.    See  Start,  Variable. 

VARIATION  OF  THE  COMPASS.    The  angle  of  declination  is  frequently  spoken  of  as 
the  variaUon  of  the  oompatt.    (See  DeeUnatum.) 
VARIATION  OF  THE  MOON.    See  Lunar  Theory. 

VARIATION  OF  TERRESTRIAL  MAGNETISM.    See  MagnetU  Variathn. 
VEGA.    (Arabic.)    The  star  a  of  the  constellation  Lyra.    One  of  the  brightest  stars  in  the 
northern  heavens.    It  has  many  small  companions. 
VEGETABLE  ALBUMEN.     See  Albumen. 

VEGETABLE  NUTRITION.    The  chemical  functions  of  the  vegetable  and  the  animal,  as 
far  as  nutrition  is  concerned,  are  opposed  and  complementary  to  one  another.    The  i^T>intval 
starts  with  highly  complex  substances  and  by  a  process  of  oxidation  converts  them  into  much 
simpler  compounds,  in  many  cases  into  the  simplest  products  of  all — ^water  and  carbonic  acui. 
The  vegetable,  on  the  contrary,  starts  with  the  simplest  substances — water,  carbonic  acid, 
ammonia,  and  the  mineral  constituents  of  the  soil,  and  by  a  process  of  synthesis,  gradual^ 
builds  up  compounds  of  the  highest  degrees  of  chemical  complexity.     Perhaps  the  most 
important  function  of  the  vegetable  world  is  to  restore  the  balance  of  the  constituents  of  the 
atmosphere  which  animal  life  alone  would  soon  render  so  vitiated  as  to  prevent  the  oontinQanoe 
of  life.    During  respiration  the  animal  world  is  constantly  pouring  into  the  atmosphere  torrents 
of  carbonic  add,  and  abstracting  oi^gen ;  the  vegetable  world,  on  the  other  hand,  is  just  as 
unceadhgly  absorbing  carbonic  acid,  mong  the  carbon  and  restoring  the  oxygen  to  the  atmos- 
phere.    A  plant  is  nourished  through  its  roots,  the  leaves  acting  as  lungs,    llie  rain  descending 
through  the  air  carries  with  it  carbonic  add,  ammonia^  and  nitric  add     These  percolating 
through  the  soil  dissolve  small  quantities  of  the  mineral  ingredients  present,  and  the  whole  is 
brought  in  contact  with  the  roots  in  a  fit  state  for  absoiption.    The  plant  can  obtain  carbonie 
acid  and  water  from  the  atmosphere,  but  in  many  cases  ammonia  and  some  of  the  requisite 
mineral  ingredients  have  to  be  supplied  artificially.    It  is  on  this  account  that  fann-yard  manure 
and  the  excreta  of  towns  are  of  such  great  value  in  agriculture,  containing  as  they  do  large 
quantities  of  ammonia  forming  material,  together  with  nearly  all  the  mineral  ingredients  of  the 
vegetable  food  previously  consumed  by  the  animal     (See  Animal  Nutrition;   and  SoiU, 
C&nUttry  of.) 
VEGETATION,  INFLUENCE  OF,  ON  CLIMATE.    See  Rain,  Forettt,  &c 
VELOCITY.    ( Vdocitat,  from  Vdox,  swift ;  allied  to  Volo,  to  fly.)    Swiftness  or  rapiditr  of 
motion.     In  order  to  measure  velodty  we  require  both  a  unit  of  space  and  a  unit  of  time.     One 
body  is  said  to  have  a  greater  velodty  than  another  when  it  moves  over  a  greater  space  in  the 
same  time,  or  an  equal  space  in  less  time.    The  velodty  of  a  body  is  uniform  when  it  passes 
through  equal  spaces  in  equal  times  ;  and  variable  when  the  spaces  passed  through  in  equal 
times  are  unequal.   Uniform  velocity  is  measured  by  the  length  of  path  passed  over  in  a  unit  of 
time.    This  leogth  is  usually  expressed  in  feet,  and  the  time  in  seconds.    Frequentiy,  however, 
other  units  are  chosen ;  thus,  a  train  may  proceed  with  a  speed  of  40  miles  an  hour,  a  ship  may 
sail  with  a  speed  of  10  knoto  an  hour.    Velodty  expressed  in  other  units  may,  however,  be 
readily  reduced  to  feet  per  second.    For  example,  one  mile  an  hoar  is  i/j  feet  per  second. 
Variable  velodty  at  any  instant  u  measured  by  the  mean  velodty  for  an  infinitely  small  space 
commenced  at  that  instant.    It  is  the  space  the  body  would  describe  in  a  unit  of  time  if  from 
that  particular  instant  the  velodty  remained  constant.    For  instance,  a  horse  may  travel  from 
one  place  to  another  with  a  variable  velod^,  but  we  may  say  that  at  a  particular  instant  he  i» 
running  at  a  speed  of  20  miles  an  hour.     We  mean  that  for  a  small  distance  he  moves  with  a 
speed  which,  if  maintained  for  an  hour,  would  cany  him  over  20  miles.    The  velodty  of  a  body 
is  accelerated  when  it  passes  through  a  greater  space  in  one  unit  of  time  than  in  the  preceding 
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unit ;  and  it  is  retarded  when  a  less  space  is  passed  through  in  each  successive  portion  of  time. 
Ab8oltUe  velocity  is  the  velocitv  of  a  body,  considered  wiUiout  reference  to  the  motion  of  any 
other  body.  Itdative  vdodty  is  that  whidi  has  respect  to  the  velocity  of  another  moving  body. 
Angular  velocity  is  the  velocity  of  a  body  revolving  about  a  fixed  point  or  axis,  measured  by  the 
angle  through  which  it  tarns  in  a  imit  of  time.  The  angular  vdocity  of  a  plauet  la  estimated 
by  tiie  angle  described  by  the  radius  vector,  that  is,  by  the  line  joining  it  with  the  sun.  The 
velocity  with  which  a  body  begins  to  move  is  termed  initial  velocity.  When  the  velocity 
increases  uniformly,  the  increase  per  second  is  termed  the  acceleration.  The  velocity  of  a  body 
at  any  instant  in  the  case  of  unifoim  acceleration,  is  found  by  adding  to  or  subtracting  from  the 
initial  velocity  the  product  of  the  acceleration  by  the  time.     (See  Aeederatitm,) 

VELOCITY  OE  LIGHT.  The  velocity  of  light  cannot  be  found  by  calcuktion,  but  it  has 
been  determined  by  direct  observation  by  several  observers. 

I.  Edmer  fouhd  that  the  calculated  time  of  the  eclipses  of  Jupiter's  satellites  did  not  agree 
with  observation,  there  being  fifteen  minutes  difference  according  to  whether  the  earth  was  in 
that  part  of  her  orbit  nearest  to  or  farthest  from  Jupiter  ;  he  concluded,  therefore,  that  this 
difference  was  due  to  the  time  occupied  by  li^ht  in  teavelling  a  distance  equal  to  the  diameter 
of  the  earth's  orbit.  From  these  data  he  deduced  a  velocity  of  167,600  geographical  miles  per 
Becond. 

XL  From  the  aberration  of  the  fixed  stars  a  velocify  has  been  deduced  of  166,072  geographical 
miles  per  second. 

III.  Fizeau  measured  the  velocity  of  light  in  a  space  of  a  few  miles  by  making  it  pass  between 
tbe  teeth  of  a  wheel  revolving  with  enormous  velocity,  after  travelling  the  full  oistance  and 
back  again.  By  observing  the  distance  one  of  the  teeth  had  moved  during  the  time  the  ray  of 
light  had  taken  for  the  double  journey,  he  calculated  the  velocity  to  be  185,000  miles  in  a 
second. 

rV.  Foucault,  assisted  by  Fizeau  and  Breguet,  measured  the  velocity  of  light  in  the  space  of 
four  metres.  A  plane  mirror  is  made  to  rotate  several  hundred  times  per  second,  a  beam  of 
li^ht  is  then  (after  passing  through  a  system  of  cross  wires)  allowed  to  fall  on  the  mirror.  It 
is  reflected  by  this  to  a  stationary  reflector  two  metres  distant,  which  sends  the  ray  back  again, 
whence  it  is  reflected  by  the  revolving  mirror  back  through  the  original  ejrstem  of  cross  wires 
to  an  eye-piece.  If  the  light  reflected  from  the  revolving  mirror  comes  oack  to  it  so  rapidly 
that  the  revolving  mirror  has  had  no  time  to  move  appreciably,  the  first  and  second  images  o£ 
the  cross  wires  will  appear  superposed  in  the  eye-piece  ;  but  if  the  revolving  mirror  has  been 
able  to  move  through  a  sensible  angle  whilst  the  light  has  travelled  the  four  metres,  the  two 
images  of  the  system  of  wires  seen  in  the  eye-piece  will  not  coincide,  but  will  be  separated  to  a 
greater  or  less  extent  according  to  the  velocity  of  the  mirror.  From  data  obtained  in  this  man- 
ner Foucault  deduced  a  velocity  of  191,000  miles  per  second. 

TELOCITY  OF  SOUND.  That  sound  takes  an  appreciable  time  to  travel,  and  that  it 
travels  with  far  less  velocity  than  light,  is  frequently  observed  when  a  man  is  seen  at  two  or  three 
hundred  yards  distance  breaking  stones  with  a  hammer  or  beatinff  a  carpet.  The  blow  is  seen  to 
be  given  some  time  before  the  sound  is  heard.  If  we  stand  in  the  centre  of  an  arc  of  soldiers 
who  fire  their  rifles  simultaneously,  we  hear  a  single  report :  but  if  we  stand  at  one  end  of  the 
arc  'we  hear  a  "  rattle.'*  The  sound  of  the  several  reports  takes  longer  to  reach  us  according  as 
the  soldiers  are  further  off.  When  an  electrical  discharge  in  the  form  of  a  flash  of  lightning  takes 
place,  all  parts  of  the  course  of  the  flash  are  traversed  sensibly  at  the  same  instant.  The  thun- 
der endures  often  for  several  seconds.  The  thunder  producea  by  the  flash  when  nearest  to  the 
earth  is  heard  first,  and  if  any  parts  of  the  lightning's  path  are  nearly  at  the  same  distance  from 
the  auditor,  the  sounds  produced  at  those  parts  wuL  reach  his  ear  at  the  same  time  and  pro- 
duce a  loud  crash  of  sound. 

"With  regard  to  the  actual  velocity  of  sonnd  in  air,  it  has  been  observed  that  an  eroeediiuily 
loud  sound  travels  faster  than  a  less  loud  one.  Under  ordinary  circumstances  the  limit  of  dis- 
tance at  whid^  feeble  sounds  are  audible  prevents  our  recognition  of  this.  In  the  arctic  regions, 
vdiere  the  air  is  often  extremely  still  and  homogeneous,  sounds  can  be  heard  at  a  great  distance, 
and  it  has  been  observed  that  at  a  great  distance  the  report  of  a  cannon  is  heard  before  the 
WOTd  of  command  to  fire  it.  Ko  accurate  experiments  have  been  performed  to  connect  the 
loudness  of  a  sound— that  is,  the  amplitude  of  the  vibration  with  the  rate  of  propagation  so  as 
to  cooflrm  the  matiiematical  conclusion  that  loud  sounds  should  travel  faster  than  feeble  ones. 
Within  the  range  of  sounds  employed  in  music  this  difference  of  rate,  due  to  differenoe  of  loud- 
ness is  not  apparent :  the  feeblest  audible  notes  ocoapying  their  proper  place  amongst  those  of 
greater  intensity. 

Further,  thejsitch  of  the  note  (see  Piteh)^  m>ean  to  be  without  influence  upon  its  rate  of 
pro|Mgation,    llie  familiar  proof  of  this  is  afforded  by  the  fact  that  the  several  notes  coidp 
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ponng  an  air  of  music  are  heard  at  their  proper  intervalB  at  whatever  distaaoe  the  auditor  a 
placed  from  the  moaioiaii,  showing  that  Uie  notes  of  various  pitch  travel  aesudblj  at  the  aaos 
rate.  ^, 

Again,  the  same  preservation  of  time  and  harmony  is  a  proof  that  the  **  tone-ooloar  (see 
Colour  of  NoUt),  is  without  influence,  for  we  find  that  when  a  band  of  music  consisting  of  viod, 
string,  or  membrane  instrumentSi  is  heard  at  a  distance,  the  harmony  and  tune  are  preeenrei 

The  most  exact  determinations  of  the  velocity  of  sound  in  unconfined  air  aire  based  upon  tic 
explosion  of  powder,  and,  therefore,  from  what  has  been  said  above  the  results  are  only  stric^ 
true  for  the  sounds  examined.  We  mi^  take  the  velocity  of  sound  at  32**  F.,  and  30  incks 
pressure  as  being  1093  feet  a  second.  Experimental  determinations  agree  very  closely  'witk 
this  number,  which  accords  also  with  the  velocity  deduced  by  La  Place  fromtheofry.  La  Fltce 
concluded  that  when  a  wave  of  compression,  followed  by  a  wave  of  rarefaction  passes  throo^ 
the  air,  although  the  total  heat  liberated  in  the  region  of  compression  is  absorbed  in  the  regioi 
of  rarefaction,  yet  the  momentary  heating  effect  assists  tiie  passage  of  the  sound.    Thi 

formula  given  by  La  Place  is  v  =  v  ^^  ^n  this  v  is  the  velocity  measured  in  feet  pa 
second,  g  is  the  accelerating  force  of  gravity  or  32  feet  per  second ;  h  is  the  elasticity  of  tbegii 
measured  by  the  height  of  the  mercurial  column  which  the  gas  supports  reduced  to  32°  F.  ]i 
is  the  specific  gravity  of  the  gas  referred  to  mercury  at  32**  F.,  as  imity ;  and  Je  is  the  nSJo 
between  the  capacity  for  heat  of  the  gas  by  constant  pressure  to  its  capacity  by  oopstant 
volume  (see  Specif  Seat),  For  air  the  above  formula  becomes  v  =  1074*56  ^y  I  +  at  feet, 
where  a  is  the  coefficient  of  expansion  for  i"*  F.,  and  t  is  the  temperature  above  32**  F.    ThiiB,>t 

32**  F.,  the  expression  becomes  v  =  1074-56  feet.    At  60**  F.  it  becomes  1074*56  iV  '  "^  "TTi 

or  X 139.  It  appears  also  from  the  above  formtda  that  the  rate  increases  with  the  temperature 
and  that  it  is  independent  of  the  pressure.  In  the  same  manner  the  velocity  of  sound  in  other 
gases  may  be  calculated  if  we  know  their  densities,  and  the  above  ratio  k  of  their  specific  besii 
at  constant  temperature  and  at  constant  volume.  Further,  this  ratio  can  be  determined  if  «e 
know  the  velocity.  The  velocity  of  propagation  in  any  medium  can  also  be  determined  hf 
finding  the  note  produced  by  a  tube  of  known  length  filled  with  the  gas  and  comparing  it  inth 
that  produced  under  like  circumstances  by  air. 


The  velocity  of  sound  in  liquids  is  expressed  by  the  following  formula  v  ==  ^  -^  where  7 

represents  the  shortening  which  a  horizontal  colunm  of  liquid  one  foot  in  length  would  suffer, 
if  it  were  compressed  by  a  force  equal  to  its  weight.  Unfortunately,  the  compressibility  of 
liquids  (see  Comprembiltty)  cannot  be  said  to  have  been  determined  with  great  accuracy  in  tnj 
case.  From  direct  experiments  in  the  Lake  of  Geneva,  the  velocity  of  the  sound  originatiz^ 
in  a  bell  struck  under  water,  and  heard  by  means  of  a  species  of  long  ear-trumpet,  one  end  d 
which  was  also  under  water,  was  found  to  be  4708'!  feet  per  second.  _ 

The  velocity  of  sounds  in  solids  can  be  derived  theoretically  from  the  above  formula  v  =  ^  ' 

jBtit  the  compression  of  solids  is  even  less  accurately  determined  than  that  of  liquids.^  Iti> 
usual  to  assume  that  the  compressibility  by  pressure  is  equal  and  opposite  to  the  expansioii,  or 
rather  elongation,  when  a  pulling  force  is  applied,  and  this  has  been  determined  with  bodw 
accuracy  in  a  few  cases.  The  rate  of  propagation  of  sound  in  solids  may,  however,  be  easily  sod 
accurately  found  by  experiment,  and  compared  with  that  through  air.  If  n  be  the  number  of 
vibrations  in  a  second,  in  a  column  of  air,  in  a  tube  of  length  l,  which  is  sounding  its  funda- 
mental note,  we  know  that  the  length  of  the  sonorous  wave  is  22,  therefore  in  one  second  we 
have  a  length  of  2tiZ  in  vibration — ^that  is,  the  sound  will  have  travelled  2fU  or  v  =  2ni*  ^ 
now  we  take  a  rod  of  a  solid  substance,  say  wood,  and  set  it  in  longitudinal  vibration,  we  find 
a  higher  note  produced  as  a  fundamental  note — ^that  is,  when  the  rod  is  held  in  the  middle 
Let  n'  be  the  number  of  vibrations  per  second.    Then  as  before  if  v'  be  the  velocity  in  ^^ 

solid «/  =  2n%  and  therefore  comparing  the  two  ^  —v—    Thus,  if  we  take  an  open  organ-pip^ 

and  determine  its  fundamental  note  with  air,  then  find  the  fundamental  note  of  a  wiUow  rod 
of  the  same  length,  we  shall  find  that  there  are  sixteen  times  as  many  vibrations  of  wood  as  of 
the  air — ^that  is,  we  should  get  a  note  four  octaves  higher.  This  shows  that  the  sound  travels 
sixteen  times  as  fast  in  willow  wood  as  in  air. 

The  following  table  shows  the  relative  velodW  of  sound,  through  several  solid  substances,  tf 
determined  in  tiie  above  manner  by  Chladni.    llie  velocity  in  air  is  taken  as  unity :— 
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YEN 

Whalebone, 

6|. 

Pearwood, 

I2i 

Tin,          .        . 

7*. 

Ebony,  . 

I4|. 

Silver,      • 

9- 

Birch,    . 

I4f 

Walniit,    . 

lo}. 

Cherry, 

15. 

Braas, 

lo}. 

WiUow, 

16.  • 

Oak, 

IO|. 

Glass,    . 

16}. 

Earthen  Pipes, 

lO  to  12. 

Iron  or  Steel, 

i6f. 

Copper,     . 

12. 

Deal,     . 

18. 

These  nmnbers  are,  however,  of  only  approximate  exactness,  since  different  samples  of  the 
same  body  vary  to  some  extent  in  the  rate  with  which  they  conduct  sound.  No  exact  measure- 
ments have  been  made  to  connect  the  loudness  of  the  sound  with  the  note,  in  the  case  of 
Bolid  or  liquid  bodies. 

VELOCITY,  VIRTUAL.  {Virtud,  from  L.  virtus,  strength,  power;  virtual  signifies 
in  effect,  not  in  fact.)  A  term  given  by  Duhamel,  to  a  minute  hypothetical  displacement  or 
motion,  assumed  in  mechanical  analysis  to  facilitate  the  investigation  of  statical  problems. 
"When  a  system  of  particles  is  in  equilibrium,  and  we  suppose  each  of  them  placed  in  a  position 
indefinitely  near  that  which  it  really  occupies,  without  disturbing  the  connection  of  the  parts 
of  the  system  with  each  other,  the  line  which  joins  the  first  position  of  a  particle  with  the 
second  is  called  the  virtiud  vdocity  of  that  particle,  and  the  product  of  the  intensity  of  the  f  oroe, 
acting  on  the  particle  by  its  virtual  velocity  estimated  in  the  direction  of  the  force,  is  termed 
the  virtual  moment  of  the  force.  The  principle  of  virtual  velocities  may  be  thus  enunciated  : — 
If  the  system  be  in  equilibrium,  the  sum  of  the  virtual  moments  of  all  the  forces  is  zero, 
whatever  be  the  displaoemoit ;  and,  conversely,  if  the  sum  of  the  virtual  moments  be  zero,  the 
system  ia  in  equilibrium.  This  principle  may  be  considered  as  the  golden  rule  of  mechanics. 
It  is  easily  verified  with  respect  to  the  simple  mechaoioal  powers,  but  it  applies  immediately  to 
all  questions  respecting  equilibrium,  or  to  all  statical  problems,  and  it  frequently  furnishes  a 
very  ea^  method  of  determining  the  relation  between  forces  in  equilibrium.  From  this  prin- 
ciple it  follows  that,  in  the  case  of  all  the  mechanical  powers,  the  product  of  the  power  by  the 
space,  through  which  it  moves  in  its  own  direction,  is  equal  to  the  product  of  the  weight  by  the 
space  throiigh  which  it  moves  in  the  vertical  direction.  Thus  if  the  power  of  10  lbs.  raise  a 
weight  of  50  lbs.  through  a  height  of  i  foot,  the  power  must  descend  through  5  feet.  The 
fact  here  illustrated  is  sometimes  stated  thus,  "  What  is  gained  in  power  is  lost  in  speed." 

VENA  CONTRACTA,    Sw  FUna  of  Liquids. 

VENTRAL  SEGMENTS.     See  Nodes  and  Segments, 

VENUS.  In  astronomy  the  brightest  and  most  beautiful  of  all  the  planets,  and  the  second 
in  order  of  distance  from  the  sun.  The  mean  distance  of  Venos  from  the  sun  is  66,134,000 
miles ;  her  greatest,  66,586,000 ;  her  least,  65,682,000.  As  the  earth's  mean  distance  from  the 
sun  is  91,430,000  xniles,  it  follows  that  the  distance  of  Venus  from  the  earth  varies  between 
about  25,000,000  and  about  158,000,000  miles.  The  eccentricity  of  her  orbit  is  small,  not 
exceeding  x>o6S6,  Its  inclination  to  the  ecliptic  is  3**  23'  31''.  Her  mean  sidereal  revolution 
occupies  224700787  days,  and  the  returns  to  successive  conjunctions  are  separated  by  a  mean 
interval  of  583*920  days.  Her  diameter  is  estimated  at  about  7510  miles  ;  her  volume,  0*855, 
the  earth's  being  I ;  her  density  almost  exactly  equal  to  the  earth's  ;  and  therefore  her  mass 
bears  to  the  earth's  the  same  proportion  that  her  volume  bears  to  the  earth's  volume. 

As  Venus  travels  within  the  orbit  of  the  earth  she  is  never  seen  in  opposition  to  the  sun. 
She  passes  through  a  series  of  phases  resembling  those  of  the  moon,  only  that  she  varies  greatly 
in  apparent  size  while  passing  through  them.  When  she  presents  a  full  disc,  she  is  in  superior 
conjunction  with  the  sun,  and  lost  to  view  in  his  beams,  except  in  powerful  telescopes.  At  this 
time  also  her  apparent  diameter  is  least.  When  between  us  and  the  sun  she  turns  no  part  of 
her  illuminated  surface  towards  us,  and  as  she  is  necessarily  veiy  dose  to  the  solar  disc,  she  is 
only  visible  in  good  telescopes.  Her  apparent  diameter  then  has  its  greatest  value.  In  other 
positions  she  sUnes  with  greater  or  less  brilliancy,  according  to  her  distance  from  us,  and  the 
portion  of  her  illuminated  surface  she  turns  towards  us.  Her  greatest  elongation  from  the 
sun  varies  in  different  synodical  revolutions  between  45*  and  47"  12'. 

The  telescopic  observation  of  this  planet  is  difficult  on  account  of  the  exceeding  brilliancy  of 
her  surface.  **  Its  intense  lustre,"  says  Sir  John  Henchel,  "  dazzles  the  sight,  and  exaggerates 
every  imperfection  of  the  telescope ;  yet  we  see  clearly  that  its  surface  is  not  mottled  over  with 
permanent  spots  like  the  moon  ;  we  perceive  in  it  neither  mountains  nor  shadows,  but  a  uniform 
brightness,  in  which  we  mav  indeed  fancy  obscurer  portions,  but  can  seldom  or  never  rest  f i^y 
satisfied  of  the  fact.  It  is  m>m  some  observations  of  this  kind  that  both  Venus  and  Mercory 
have  been  supposed  to  revolve  on  their  axes  in  about  the  same  time  as  the  earth."    The  indini^ 
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tion  of  the  planet's  equator  has  been  judged  to  be  larse,  the  ertamated  values  Y^rying  betweea 
50"  and  70*,  but  veiy  little  reliance  can  1m  placed  on  me  obaervationfi  by  means  of  which  tboe 
estimates  have  been  formed.  As  for  De  Vice's  estimate  of  the  planet's  rotation-period,  with  hi 
claim  to  accuracy  as  far  as  the  second  decimal  place  of  seconds  of  time,  no  more  rehanoe  gb& 
be  placed  upon  it  than  on  the  inclination  estunates.  Indeed,  it  woald  be  barely  posnbb  to 
secure  the  asserted  degree  of  accuracy,  even  though  Venus  presented  obvious  and  easily  leoog' 
nisable  marks  upon  her  surface,  and  though  these  had  been  watched  since  the  telescope  vm 
first  invented.  Considering  that,  on  the  contrary,  it  is  barely  possible  to  see  marks  at  sJl  upoi 
her  surface ;  that  these  marks  cannot  be  rediscovered ;  and  that  not  much  more  than  a  cenbizy 
has  elapsed  since  any  of  them  have  been  recognised,  it  will  be  seen  how  little  reliance  canle 
placed  on  a  rotation-period  which  claims  to  be  within  one-hundredth  part  of  ft  second  of  tk 
truth.  It  is  far  from  improbable,  indeed,  that  Sir  John  Herschel's  opinion  must  be  accepted, 
according  to  which,  ^*  the  most  natural  conclusion  from  the  very  rare  appearance  and  waatd 
permanence  of  the  spots  is,  that  we  do  not  see,  as  in  the  moon,  the  real  surface  of  the  pland^ 
but  only  its  atmosphere,  much  loaded  with  clouds,  serving  to  mitigate  the  otherwise  intaae 
glare  of  their  sxmshine." 

Venus,  on  account  of  her  proximity  to  the  earth,  produces  recognisable  perturbations  of  tfce 
earth's  motions.  One  effect  resulting  from  a  relation  of  commensurability  between  the  orUtil 
periods  of  Venus  and  the  earth,  merits  special  mention.  Thirteen  sidereal  revolutions  of  Yenv 
are  accomplished  in  a  period  very  nearly  equal  to  eight  years,  that  is,  to  eig-ht  sidereal  revolo* 
tions  of  the  earth.  It  follows  that  every  firth  conjunction  takes  place  nearly  along  the  same 
line  through  the  sun.  Hence  arises  an  accumulation  of  effects  resembling  in  their  genenl 
character,  thouffh  far  lees  considerable,  the  great  inequaUty  of  Saturn  and  Jupiter.  (See 
IneqwUUy.)  The  period  of  this  long  inequality  is  about  240  years,  the  maTiiTium  effect  on 
acceleration  or  retordation  of  either  planet  being  only  a  few  seconds  of  arc.  Mr.  Airy,  tbe 
Astronomer-Boyal  for  England,  detected  this  inequali^,  and  the  similar  action  of  Venus  upa 
the  moon. 

Venus,  like  Mercury,  but  less  often,  crosses  the  face  of  the  sui  at  certain  times.  This 
phenomenon,  called  a  trantit  of  VerntB,  is  of  the  utmost  importance  to  the  astrononter,  as  affoni- 
Ing  a  means  of  estimating  the  distance  of  the  sun  from  the  earth*  We  owe  to  Halley  the  sn^ 
geetion  that  the  transits  of  Venus  might  thus  be  utilised. 

It  will  be  obvious  that  the  nearer  a  planet  approaches  to  the  earth  the  more  effective  iriH  be 
any  terrestrial  distance  in  causing  an  apparent  change  of  the  planet's  place  on  the  celtftial 
sphere.  Thus  Venus,  which  approaches  us  within  25,000,000  miles  when  in  inferior  caDjIm^ 
tion,  would  exhibit  for  any  dumge  of  place  on  the  part  of  an  observer,  or  for  any  distaooe 
separating  two  observers,  a  change  of  place  3f  times  as  gpat  as  that  which  would  affect  Uie 
sun,  which  lies  about  91,500,000  miles  from  tiie  earth.  But  we  cannot  effectually  observe  ^ 
parallactic  displacement  of  Venus  upon  the  celestial  sphere,  since  it  is  exceedingly  small,  ana 
we  cannot  compare  her  place  with  the  place  of  any  fixed  star.  But  if,  when  in  mf erior  cc^ 
junction  she  lies  so  near  one  of  her  nodes  as  to  lie  upon  tiie  sun's  face,  we  might  very  readily 
determine  her  parallactic  displacement  on  the  solar  due ;  only,  instead  of  being  3)  times  tbe 
solar  parallax,  it  would  be  but  2{  times  that  amount,  being  in  fact  represented  by  the  difference 
between  the  parallactic  displacements  of  Venus  and  the  sun  upon  the  celestial  sphere.  Butm 
effect  there  is  a  difBcalty  even  as  regards  this  method ;  for  the  planet  is  in  motion,  and  in  order 
to  compare  two  observations,  we  must  be  sure  they  are  made  at  exactly  the  same  instant,  ft 
matter  of  some  difficulty  when  the  two  observers  are  on  opposite  sides  of  the  earth.  Kov, 
Halley  suggested  that,  instead  of  observing  the  position  of  Venus  on  the  sun's  face  at  aoj 
assigned  instant,  the  observers  should  reooid  the  interval  of  time  occupied  by  Venus  in  croesmg 
the  solar  disc.  As  the  effect  of  parallax  would  be  to  make  her  traverse  different  chords,  as  se^ 
by  the  two  observers,  there  would  obviously  be  a  difference  in  the  duration  of  transit  as  reccnrdcd 
1^  them ;  and  this  difference  would  suffice  to  enable  the  astronomer,  by  appropriate  calculatioo^ 
to  deduce  the  sun's  distance. 

The  objection  to  the  method  thus  described  (necessarily  only  in  a  general  manner)  lies  is  va 
fact  that  it  is  absolutely  necessary  that  each  observer  &ould  see  the  whole  transit ;  and  as  a 
transit  may  last  several  hours  (as  many  as  eight)  and  the  earth  accomplishes  a  considerable  pft)J> 
of  a  rotation  in  such  an  interval,  it  is  difficult  to  find  a  northern  and  a  southern  station,  at  eaa^ 
of  which  the  observer  will  be  well  situated  both  at  the  beginning  and  at  the  end  of  the  transt 
For,  given  a  certain  epoch  during  the  occurrence  of  a  transit,  two  observers  can  be  placed  so 
that  die  parallactic  displacement  of  Venus  may  be  the  greatest  possible ;  but  it  by  no^  meao* 
follows  that  ffiven  two  epochs,  (as  in  this  case  the  beginning  and  the  end  of  the  transit),  two 
observers  can  be  so  placed  that  the  parallactic  displacement  of  Venus  may  be  even  oonsldeiaw^ 
at  both  epochs. 
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Hence  it  was  proposed  by  Delisle  that  another  method  should  be  adopted.  According  to  hia 
plan  two  obeerverB  should  both  observe  one  and  the  same  phase,  internal  contact  at  ingress, 
(that  is,  the  moment  at  which  Venus  is  first  just  within  the  sun's  limb,)  or  internal  contact  at 
egress,  (that  is,  the  moment  when  she  is  just  about  to  cross  the  sun's  limb  and  so  pass  off  his 
surface),  that  these  observers  should  note  the  abtoltUe  Hnit  at  which  the  phase  is  visible  to  them, 
BO  that  afterwards  the  observed  difference  of  time  should  supply  the  means  of  estimating  the 
sun's  distance.  For  this  plan  it  is  obviously  necessary  that  the  latitude  and  longitude  of  the 
observers'  stations  should  be  very  accurately  determined. 

Each  plan  has  its  advantages  and  disadvantages,  and  in  different  transits  Halley's  method  may 
be  preferable  to  Delisle's,  or  Delisle's  to  HaUey's,  according  to  the  circumstances  of  the  transit, 
and  according  to  the  nature  of  those  parts  of  the  earth  at  which  the  stations  have  to  be  placed. 

Observations  of  the  transit  which  occurred  in  June  176 1  were  not  successfuL  Those  made 
during  the  transit  of  June  1769  were  more  satisfactory,  and  the  estimate  of  the  sun's  distance 
dedu^  from  them  by  Encke  remained  for  a  long  time  in  vogue  in  our  treatises  on  astronomy. 
Becently,  however,  otiier  modes  of  measuring  that  element  led  to  results  so  discordant  wi& 
Encke's  estimate  that  doubts  were  thrown  on  the  accuracy  of  the  observations  made  in  1769, 
and  on  the  competence  of  the  observers.  The  careful  examination  of  the  matter  by  TroieaaoT 
Simon  Newoombe  of  America,  and  (on  a  more  satirfactory  plan)  by  Mr.  Stone  of  the  Greenwich 
Observatoxy,  has  shown  that  the  cause  of  the  discrepancy  is  to  be  looked  for  in  a  phenomenon 
due  to  irradiation  which  causes  a  black  ligament  to  appear  between  the  disc  of  Venus  and  the 
sun's  limb  near  the  time  of  the  internal  contacts. 

The  accuracy  of  the  general  method  having  been  thus  re-established,  astronomers  look  hope- 
fully to  the  transits  which  are  to  take  place  in  1874  and  1882,  to  afford  them  a  new  and  more 
accurate  estimate  of  the  sun's  distance.  The  Astronomei^Royal  long  since  called  the  attention 
ol  astronomers  to  the  subject,  and  has  published  a  series  of  papers  indicating  the  manner 
according  to  which,  in  his  opinion,  the  transit  can  be  most  satisfactorily  utilised.  Owing,  how- 
ever, to  his  having  unfortunately  adopted  an  approximate  instead  of  an  exact  process,  in  dealing 
with  the  calculations  which  the  problem  involves,  the  residts  are  not  so  satisfactory  as  could  be 
desired.  In  particular,  his  selet^on  of  Delisle's  method  for  the  transit  of  1874,  while  Halley's 
method  is  left  for  the  transit,  1882,  alone  is  unfortunate ;  because  it  chances  that  when  tiie 
problem  is  treated  in  an  exact  manner  Halley's  method  is  found  to  be  wholly  inapplicable  in  1882, 
while,  on  the  other  hand,  it  can  be  applied  veiy  advantageoualy  to  the  transit  of  1874.  It  is 
also  a  misfortune,  and  may  perhaps  injuriously  affect  the  interests  of  science  for  years  to  come, 
that  a  number  of  excellent  stations  in  India  should  have  been  wholly  overlooked  in  Mr.  Aiiys 
treatment  of  the  subject.  An  exact  investigation  of  the  problem  by  the  present  writer  will  be 
found  in  the  Monthly  NoHces  of  the  Roytd  Astronomical  Society,  voL  xxix.  Jt  is  right,  however, 
to  mention  that  the  Astronomer-Boyal  has  expressly  described  his  examination  of  the  subject 
as  not  intended  to  exhibit  exact  relations ;  and  were  it  not  probable  that  the  selection  of  places 
for  observing  the  transit  will  be  wholly  founded  upon  his  papers  no  correction  would  have  been 
necessaiy. 

VERDIGRIS.    See  Acetata. 

VERMILLION.     See  Mercury  ;  Sidpkide, 

VERNAL  EQUINOX.    See  Equinox;  Squinoetial 

VERNIER.  (Named  after  the  inventor.)  A  short  graduated  scale  made  to  slide  along  a 
larger  scale  or  position  circle  so  as  to  read  to  fractions  of  divisions.  It  is  graduated  so  that  ten 
divisions  on  the  vernier  equal  nine  divisions  on  the  larger  scale.  By  seeing  which  of  the 
divisions  coincide  in  the  two  scales  it  is  easy  to  read  to  a  tenth  of  a  division. 

VERTICAL  CIRCLE.  In  astronomy  a  great  circle  of  the  celestial  sphere  passing  through 
the  zenith  and  nadir,  and  therefore  at  right  angles  to  the  horizon-plane. 

VESTA.    An  asteroid,  discovered  by  Olbers.    (See  Asteroids,) 

VIA  LACTEA.    (The  Milky  Way.)    See  Oalaxy. 

VIBRATION,  AMPLITUDE  OF.    See  Amplitude  qf  Vibratimi. 

VIBRATION,  APPROACH  CAUSED  BY.  Professor  Guthrie  has  found  tiiat,  when  a 
vibrating  tuning-fork,  or  other  sonorous  body,  is  held  near  a  delicatelv'suspended  substance, 
the  latter  approaches  the  fork.  The  experiment  Is  conveniently  made  by  hanging  a  piece  of 
cardboard  in  a  vertical  plane  from  a  light  splinter  of  wood,  oounteipoised  at  the  other  end,  and 
suspending  the  whole  by  a  piece  of  unspun  silk.  When  the  face,  the  side,  or  the  ends  of  the 
soundixig  fork  are  approximated  to  the  card,  the  latter  swings  towards  the  fork.  This  pheno- 
menon is  probably  due  to  the  substance  which  receives  the  vibrations  not  being  a  perfect  trana- 
xnitter  or  reflector  of  sound,  and  it  converts  a  portion  of  the  sonorous  elastic  wave  mto  true  cur- 
rents, which,  on  account  of  dispersion,  suffer  rarefaction,  so  that  the  bodies  are  uiged  together 
by  the  pressure  of  the  air,  as  in  the  experiments  of  Clexnent  and  Desomes, 
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In  a  paper  which  appeared  in  the  PhSLoaophieai  Maganne  tar  November  1870^  Profenor 
Guthrie  gives  a  description  of  his  experiments,  and  arrives  at  the  following  conclonons : — 

"  Whenever  an  elastic  medium  is  between  two  vibrating  bodies,  or  between  a  vibrating  body 
and  one  at  rest,  and  when  the  vibrations  are  dispersed  in  consequence  of  their  impact  on  one 
or  both  of  the  bodies,  the  bodies  will  be  urged  together. 

'*  The  dispersion  of  a  vibration  produces  a  similar  effect  to  that  produced  by  the  dispeinoB  d 
the  air^urrent  in  Clement's  experiment ;  and,  like  the  latter,  the  effect  is  due  to  the  prewnv 
exerted  by  the  medium,  which  is  in  a  state  of  higher  mean  tension  on  the  side  of  the  bodj 
farthest  from  the  origin  of  vibration  than  on  the  side  towards  it. 

'*  In  mechanics,  in  nature,  there  ii  no  such  thing  as  a  pulling  force.  Though  the  term  atfcrso 
tion  may  have  been  occasionally  used  in  the  above  to  denote  the  tendency  of  bodies  to  approscb, 
the  line  of  condusions  here  indicated  tends  to  argue  that  there  is  no  such  thing  as  attraction  ia 
the  sense  of  a  pulling  force,  and  that  two  utterly  isolated  bodies  cannot  influence  one  another. 

**  If  the  ethereal  vibrations,  which  are  supposed  to  constitute  radiant  heat,  resemble  the 
aerial  vibrations  which  constitute  radiant  sound,  the  heat  which  all  bodies  possess,  and  which 
they  are  all  supposed  to  radiate  in  exchange,  will  cause  all  bodies  to  be  urged  towards  one 
another."  

VIBRATION  OF  A  STRETCHED  STRING.  H  an  elastic  round  string,  of  unifoim 
thickness  and  certain  length,  thickness,  and  weight,  be  stretched  by  a  given  force,  it  wifl 
vibrate  when  plucked  at  a  deiinite  rate,  and  therefore  give  rise  to  a  musicid  note  of  given  pitch, 
if  it  vibrates  beyond  a  certain  rate  ( 16  times  in  a  second).  If  ^  be>  the  length  of  a  string,  « iti 
weight,  s  the  force  with  which  it  is  stretched,  g  the  accelerating  force  of  gravity  ( =32  feet  pa 
second),  then  i  the  time  for  a  complete  oscillation  is 

And,  therefore,  if  n  be  the  number  of  oscillations  in  a  given  time 

If  p  represents  the  specific  gravity  of  the  substance  out  of  which  the  string  is  made,  and  if  r  is 

the  diameter  of  the  string,  then  io  =  T,v.H.p,  and  therefore  n= — ,^^-      This   fonnulS) 

2.V.I       ir.p 

which  has  been  gradually  established  from  theoretical  grounds,  is  fully  confirmed  by  experiment 

It  may  be  stated  in  words  as  follows  : — The  number  of  vibrations  which  a  stretched  string  per 

forms  in  a  given  tune — ^in  other  words,  the  pitch  of  its  fundamental  note — varies  inversely  as  ite 

diameter,  inversely  as  its  length,  directly  as  the  square  root  of  the  force  with  whidi  it  if 

stretched,  and  inversely  with  tne  square  root  of  the  specific  gravity  of  the  substance  of  which 

it  is  made.    Thus,  if  we  have  a  strmg  vibrating  100  times  in  a  second,  and  we  wish  to  get  the 

octave  higher  («.«.,  two  hundred  vibrations  per  second),  by  merely  altering  the  length  we  most 

mske  the  string  half  as  long.     If,  preserving  the  same  length,  we  wish  to  get  the  higher  octave 

by  altering  the  stretching  force,  we  must  make  the  latter  four  times  as  great,  and  so  on. 

VIBRATIONS,  GRAPHIC  REPRESENTATION  OF.  See  Graphic  Bepreaeniatim  ^ 
Vibratums. 

VIBRATIONS,  LONGITUDINAL.    See  LongUudinal  VtbrtUians. 

VIBRATIONS,  PERMANENT.    See  Permanent  VibnOwnt. 

VIBRATIONS,  PROGRESSIVE.    See  Progrt$8wt  VihratioM, 

VIBRATION  (TRANSVERSAL)  OF  AN  ELASTIC  ROD.  If  an  elastic  rod  be  fi» 
tened  rigidly  at  one  end  and  set  vibrating,  the  number  of  vibrations  in  a  given  time — that  i^ 
the  pitch  of  the  note  is  expressed  by  the  equation 

in  which  n  is  the  number  of  vibrations,  t  the  thickness  in  the  direction  of  vibration,  I  the  length, 
g  the  accelerating  force  of  gravity,  E  tiie  modulus  of  elasticity  and  />  the  specific  gravity  of  the 
materiaL  It  is  seen  from  this  that  the  pitch  of  the  note  produced  by  such  a  rod  varies  directly 
as  its  thiclmesB  in  the  direction  of  vibration,  and  inversely  as  the  square  of  the  lengths.  ThTii» 
if  two  pieces  of  the  same  steel  spring,  when  clamped  at  one  end,  give  notes  an  octave  apsr^ 
we  know  that  the  one  vibrates  twice  as  fast  as  the  other,  and,  from  the  above  formula,  that  the 
second  is  four  times  as  long  as  the  first.  It  i^pears  also  that,  if  two  rods  are  made  of  the  ssnie 
material,  and  are  of  the  same  length,  but  one  is  twice  as  thick  in  the  direction  of  vibration  » 
the  other,  the  first  will  sound  the  octave  above  the  second.  The  width  of  the  rod  is  of  no  in- 
fluence upon  its  rate  of  vibration  ;  and  this  indeed  we  might  anticipate  from  the  fact,  that  if 
two  exactly  similar  rods  were  vibrating  side  by  side,  and  therefore  isoohronously,  the  vibration 
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of  neither  would  be  interfered  with  by  joining  them  together,  bo  as  to  form  a  rod  of  the  same 
thickness  and  length,  but  double  the  width. 

VIBRATORY  THEORY  OF  LIGHT.    See  ViMlalUyry  Theory  of  Light, 

VINDEMIATRIX.  (She  that  gathers  grapes,  or  the  vintage  star.)  The  star  e  of  the  oon- 
stellation  Virgo. 

VIRGO.  (The  virgin.)  A  sign  of  the  zodiac.  The  sun  enters  this  sign  on  about  the  23d  of 
August,  and  leaves  it  on  about  the  23d  of  September.  The  constellation  Virgo  occupies  the 
sodiaoal  region  corresponding  to  the  sign  Libra.  This  constellation  is  remarkable  for  the  great 
number  of  nebuls  which  have  been  found  within  its  limits. 

VIRTUAL  FOCUS.  The  point  behind  a  convex  mirror,  from  which  divergent  rays,  re- 
flected from  it,  appear  to  radiate.    (See  Convex  Mirror;  Focum.) 

VIRTUAL  IMAGE.  An  image  without  material  existence ;  in  effect,  though  not  in 
fact.     (See  Imager  Virtual,  Real,) 

VIS  AGCELERATRIX.    Accelerating  force.    (See  Aeederatiim,) 

VIS  INERTIi£.  (Lat.)  Literally,  the  force  of  inactivity.  The  term  was  employed  by 
Newton  to  signify  a  power  implanted  in  all  matter,  by  which  it  resists  any  change  endeavoured 
to  be  made  in  its  state ;  that  is,  the  power  by  virtue  of  which  it  becomes  diflScult  to  change  the 
state  of  rest  or  motion.  A  distinction  is  made  between  vis  inertia!  and  inertiay  the  former  im- 
plying the  resistance  itself  which  is  given  by  a  body  to  any  force,  and  the  latter  merely  the 
Sropertv  by  which  the  resistance  is  given.  The  property  of  matter  which  is  set  forth  in  the 
iw  of  inertia  (First  Law  of  Motion),  is,  however,  simply  absolute  paasiveness ;  there  is  no 
disposition  in  matter  to  resist  being  put  in  motion  when  at  rest ;  in  other  wordiB,  vis  inerlioB 
does  not  exist.    The  phrase  has  been  a  fertile  source  of  error. 

VISION.    ( Videre,  to  see.)    See  Eye;  Binocular  Vision;  Stereoscope. 

VIS  MORTUA  The  power  of  pressure  exerted  by  a  body  at  rest,  as  vis  vvva  is  the  power 
of  a  bodv  in  motion.    Both  terms  were  first  used  by  Leibnitz. 

VIS  VIVA.  (Fie,  force  ;  vivus,  living,  from  vivo),  A  measure  of  the  kinetic  energy,  or  in- 
herent work  of  a  moving  body.  It  is  the  product  of  the  mass  by  the  square  of  the  velocity. 
The -chief  properties  of  the  vu  viva  are  the  following  : — If  a  system  of  bodies  be  under  the 
action  of  no  external  forces,  the  vis  viva  of  the  system  is  constant.  If  a  body  move  in  any 
manner,  its  vis  viva  at  any  instant  is  equal  to  the  vis  viva  of  the  whole  mass,  as  if  it  were  col- 
lected at  the  centre  of  gravity,  plus  the  vis  viva  round  the  centre  of  gravity  considered  as  a 
fixed  point.  By  impact  of  indastic  bodies  vis  viva  is  always  lost ;  by  explosions  it  is  alwa^ 
gained  ;  by  impact  of  bodies  which  are  perfectly  elastic,  the  vis  viva  lost  in  compression  is 
exactly  balanced  by  that  gained  in  the  restitution.    (See  Energy  and  Mtehanics,) 

VITREOUS  HUMOUR.  (Vilrum,  glass.)  The  transparent  humour  with  which  the 
greater  part  of  the  eye-ball  is  filled,  contained  in  the  convoluted  folds  of  the  hyaline  membrane. 
(See  Eye,) 

VOLANS.    Abbreviated  from  Pisds  VoUms,  (9.  v,) 

VOLTAIC  ARC.     See  EUctrie  Light, 

VOLTAIC  CIRCLE,  more  usually  called  VoUa*s  Crown  of  Cups,  consists  of  a  series  of  small 
cells  of  copper,  zinc,  and  dilute  sulphuric  acid,  joined  together,  the  copper  of  one  being  soldered 
to  the  zinc  of  the  next.  They  were  arranged  in  a  circle,  so  as  to  bring  the  last  copper  near  the 
first  zinc.  On  connecting  these  together  by  a  wire,  the  current  flows,  according  to  our  conven- 
tional phraseology,  from  the  copper,  through  the  wire,  to  the  zinc. 

VOLTAIC  ELECTRICITY.  Ordinwy  current  electricity  is  frequently  npoken  of  under 
this  name,  derived  from  that  of  the  great  inventor  of  the  pUe  and  battery,  the  nrst  investigator 
in  the  field  opened  up  by  the  observation  of  Galvani  Voltaic  electricity  is  treated  of  under 
various  heads  throu^out  this  volume.    {Bee  Battery;  Current,  EUctrie;  PUe,  VoUa't;  ftc.) 

VOLTAIC  PAIR.  Sometimes  a  single  cell  of  a  battery,  t^ntAmking  of  two  metals  and  an 
exciting  liquid  (see  Battery,  Oalvanie),  is  called  a  Voltaic  pair. 

VOLTABIETER.  {/drpoif,  a  measure.)  An  instrument  proposed  by  Faraday  for  measuring 
the  strength  of  the  electric  current.  Its  principle  depends  upon  a  law  of  electrolytic  decom- 
position, viz.,  that  the  amount  of  decomposition  that  takes  place  is  strictly  proportional  to  the 
strength  of  the  current,  that  is,  to  the  quantity  of  electricity  passing  in  a  given  time.  Fan^ 
day's  method  oonsiBts  in  decomposing  water  by  means  of  the  current,  and  measuring  the  quan- 
iily  of  the  mixed  gases  given  off  in  a  certain  time.  The  ratios  of  the  strengths  of  various 
Gunents  under  thne  cireumsianeeSy  is  thus  obtained.  The  oonstmction  of  the  voltameter  is  the 
following : — It  consists  of  a  glass  bottle,  into  th6  neck  of  which  ii  fitted,  by  ground  glass  surfaces, 
a  bent  delivering  tube.  Throufli  the  sides  of  the  bottle  pass  platinum  wires,  fused  into  the 
glass,  and  terminated  within  by  broad  platinum  plates,  brougnt  as  near  to  each  oUier  as  possible, 
without  danger  of  coming  in  omtaot.    The  bottle  is  filled  with  acidulated  water,  and  when  the 
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cnrrent  is  passed  throiuili  it,  decomposition  takes  place,  and  oxygen  and  hydrogen  are  liberated 
at  the  plates.  When  the  gas  is  to  be  measored,  the  delivezing  tube  is  psssed  tinder  water  in 
an  ordinary  pneumatic  trough,  and  a  graduated  vessel  collects  the  babbles  of  gas  that  rise  from 
it.  All  that  is  necessary  then  in  order  to  ascertain  the  strength  of  the  cnrrent  paswng  is  to 
note  the  time  during  which  the  action  goes  on,  and  the  auantity  of  gas  collected. 

VOLTA'S  PIL£  is  a  form  of  batteiy  used  by  Volta  tor  obtaining  current  electricity  of  lu^ 
tension.  It  consists  of  a  large  number  of  discs  of  zinc,  flannel,  and  copper,  pUed  one  on  ue 
top  of  the  other  in  constant  succession,  and  in  that  order.  The  flannel  is  moisteiied  with  sab 
and  water,  or  with  dilute  sulphuric  add,  and  when  the  first  zinc  and  the  last  oopper  are  con- 
nected by  means  of  a  wire,  a  powerful  current  is  obtained.  The  Voltaic  pile  is  very  oonvenient 
for  showing  electricity  of  high  tension  obtained  by  chemical  action,  since  a  large  number  of  ele- 
ments may  be  used  without  making  the  apparatus  unwieldy.  Thus  with  a  pile  consisting  of 
one  hundred  sets  of  plates,  an  ordinary  gold  leaf  electroscope  may  be  charged  by  simply  putting 
one  extremity  of  the  pile  in  connection  with  the  top  plate,  and  the  other  with  we  earth,  or  the 
extremities  may  even  be  examined  with  the  proof  plane.  If  the  latter  be  applied,  it  is  found 
that  in  an  insulated  pile  one  end  is  charffed  positively,  and  the  other  n^atively ;  that  the 
middle  is  neutral,  and  that  the  density  of  tne  electric  distribution  increases  gradually  from  the 
middle  towards  the  end. 

VOLUMETRIC  ANALYSIS.    See  AnalytU,  OhemicaL 

V0U8S0IBS.  (Fr.  route,  an  arch ;  Lat.  vUvere,  to  turn  round.)  The  wedge-shaped  stones 
which  form  an  arch.    (See  Arch,) 

VULCAN.  In  astronomy,  the  name  given  to  a  planet  supposed  to  revolve  within  the  oihH 
of  Mercury.  At  present  the  existence  of  this  planet  is  open  to  grave  question.  In  total 
eclipses  of  the  sun  it  should  undoubtedly  be  visible,  unless  very  near  conjimcUon,  and  it  ooold 
hardly  have  been  so  situated  during  all  the  recent  total  solar  eclipses. 

VULCANISED  INDIA-RUBBER.    See  Caoutchouc 

VULPECULA.  (Lat.  Abbreviated  from  Vu^ula  et  Aruer,  the  fox  and  goose.)  One  d 
the  constellationB  devised  by  Hevelius.  Within  the  limits  of  this  constellation  lies  the  remarkable 
nebula  27  Messier,  known  as  the  Dumb-bell  nebula.  This  interesting  object  is  one  of  the 
nebulae  which  B£r.  Huggins  has  shown  to  be  gaseous. 

w 

WAGGON-BOILER    See  Steam-BoUer. 

WASAT.    (Arabic.)    The  star  d  of  the  constellation  Gemini 

WATCHES.    See  Horology, 

WATER.    ( H,0).    This  liquid  was  considered  by  the  ancients  to  be  an  elementary  body.   The 
researches  of  Watt,  Cavendish,  and  Lavoisier,  towards  the  end  of  the  last  century,  showed  that 
it  is  composed  of  two  gaseous  elements — oxygen  and  hydrogen.     (See  Hydrogen,)     In  the 
pure  state,  and  at  the  ordinary  temperature,  water  is  transparent,  fiee  from  taste  and  smell, 
and  almost  colourless.    A  considerable  thickness  of  it,  is  however  of  a  blmsh  tint.     It  is  about 
770  times  denser  than  the  atmosphere,  and  is  the  standard  to  which  all  specific  giravities  of 
solid  and  liquid  substances  are  referred,  the  temperature  in  England  being  ttUcen  at  60"*  F.,  bat 
on  the  Continent  at  4^  C.  (39*2°  F.)    At  this  latter  temperature  water  is  at  its  greatest  dentitj, 
expanding  whether  its  temperature  be  increased  or  diminished.    Water  occurs  in  the  solid 
state  at  temperatures  below  o"  C.  (32**  F.),  and  in  the  gaseous  state  at  temperatures  above 
lOO**  C.  (212  F.),  but  it  evaporates  at  all  temperatures,  aqueous  vapour  constantly  being  pre' 
sent  in  the  atmosphere.    It  is  also  supposed  to  exist  in  the  soUd  state  in  minerals  and  salts  as 
water  of  ciystallisation,  and  it  is  a  large  constituent  of  the  vegetable  and  animal  kingdom ;  in 
the  fonner  constituting  sometimes  90  per  cent,  of  the  whole  mass,  and  in  the  latter  sometmMS 
forming  even  a  laiiger  constituent  of  the  body.    Water  is  almost  inelastic,  its  specific  heat  is 
higher  than  that  of  any  other  substance,  and  it  is  a  very  bad  conductor  of  heat,  although  he^ 
is  rapidly  diffused  tiiroughout  its  mass  by  convection,  warm  water  being  lighter  than  ooM 
water.    In  freezing,  water  expands,  the  ice  beinff  about  -^th  larger  than  when  liquid.    At  tbe 
boiling  point,  a  given  bulk  of  water  is  converted  into  1600  times  its  volume  of  steam.    Fii^ 
steam  ia  a  colourless  transparent  gas,  about  half  the  densiW  of  atmospheric  air.    In  its  Uqtua 
state  water  is  a  very  important  solvent  and  diluent,  being  of  constant  employment  in  chemical 
laboratories  for  these  purposes ;  its  high  specific  heat  also  renders  the  employment  of  oold  w^ 
for  cooling  purposes,  and  of  hot  water  for  warming  purposes,  very  general     Water  is  oojopoaed 
of  two  volumes  of  hydrogen  and  one  of  oxygen,  and  it  may  be  decomposed  into  these  g"^}^ 
a  galvanic  current.    At  temperatures  between  1000**  and  2000**  C.  water  ia  also  decomposed 
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into  its  coiutitaent  gaaes.  The  metals  of  the  alkalies  and  alkaline  earths,  when  thrown  into  water, 
decompose  it  at  the  ordinaiy  temperature,  liberating  hydrogen.  When  potassium  is  employed,  the 
heat  produced  by  the  combination  of  the  potassium  and  the  oxygen  is  sufficient  to  cause  the  igni- 
tion of  the  liberated  hydrogen.  Many  metals  decompose  water  at  a  red  heat,  thus,  by  passing 
Bteam  through  a  red-hot  gun  barrel  containing  iron  turnings,  a  copious  evolution  of  hydrogen  is 
obtained.  Under  the  influence  of  l^ht,  water  is  also  decomposed  by  chlorine,  forming  hydrochloric 
add  and  liberating  oxygen.  Perfectly  pure  water  can  only  be  obtained  artificially  by  mstillation ; 
when  met  with  in  the  natural  state  it  is  never  pure.  Kam  water  contains  the  impurities  which 
it  has  contracted  by  passing  through  the  atmosphere,  (carbonic  acid,  nitric  add,  ammonia, 
hvdrocarbons,  together  with  smoke,  dust,  sulphuric  add,  and  other  constituents  of  the  atmos- 
phere of  towns).  Sprins:  and  river  water  is  still  more  impure,  as  it  contains  the  mineral  con- 
stituents which  it  has  dissolved  from  the  strata  with  which  it  has  come  fp.  contact.  Sea  water 
contains  laige  quantities  of  common  salt,  together  with  chlorides,  and  sulphates  of  sodium, 
magnesium,  potassium,  and  caldum,  together  with  minute  quantities  of  many  other  substances. 

WATEB,  COLOUR  OF.  When  the  light  transmitted  by  sea  water  is  examined  by  the 
spectroscope,  it  is  seen  to  be  deprived  of  its  red  portion  at  small  depths,  and  successively  of  the 
yellow  and  green  at  greater  depths,  until  it  appears  of  a  violet  blue.  Similar  results  are 
observed  in  an  artificial  grotto  in  the  Grindenw^d  glader.  This  cavern  is  lOO  metres  deep, 
transparent  in  its  walls,  through  whidi  the  solar  light  penetrates.  The  light  is  of  a  fine  blue 
tint,  the  red  being  extremely  weak,  so  that  in  the  grotto  htmian  countenances  assume  a 
cadaverous  aspect.  On  looking  towards  the  entiy,  at  a  certain  distance  in  the  cavern,  it 
appears  to  be  Ut  up  with  a  red  Ught,  doubtless  the  effect  of  the  contrast.  The  thickness  of  the 
superposed  mass  is  not  enough  to  show  a  greater  effect  than  the  almost  complete  absence  of  the 
red,  and  a  great  diminution  of  the  yellow.  The  ioe  is  said  to  be  15  metres  thick,  but  is  pro- 
bably less  ;  it  is  perfectiy  compact  and  limpid,  but  with  a  few  air-bubbles. 

WATER,  LATENT  HEAT  OF.     See  Latent  Seat, 

WATER,  MAXIMUM  DENSITY  OF.    See  Maximum  Density  of  Water. 

WATER  OF  CRYSTALLISATION.  Many  saline  substances  combine  in  the  act  of 
crystallising,  with  one  or  more  eqtuvalents  of  water,  the  crystalline  form  varying  with  the 
amount  so  fixed.  This  water  is  called  water  of  crystallisation  or  of  hydration,  ^e  number 
of  equivalents  taken  up  sometimes  depends  upon  the  temperature  at  which  the  operation  is  con- 
ducted. When  this  water  is  so  loosely  held  as  to  be  given  off  in  an  ordinaiy  dry  atmosphere, 
the  compound  is  said  to  be  effloreacent 

WATER  RAM.  This  machine  is  used  for  raising  a  small  quantity  of  water  a  great  height 
hv  means  of  a  water-flow  below.  If  a  horizontal  pipe  lead  from  the  bottom  of  a  cistern  and  be 
cfoeed  with  a  cock,  the  {sessure  on  the  dosed  end  is  proportional  to  the  height  of  the  water  in 
the  dstem  above  that  end.  If  the  cock  be  opened,  the  water  in  the  tube  will  be  gradually  set 
in  motion  by  the  column  of  water  in  the  dstem,  and  acquire  the  velodty  which  the  flow  of 
water  would  have  if  the  tube  had  no  length,  that  is,  if  there  were  a  simple  hole  in  the  bottom  of 
the  cistern.  If  now,  the  cock  be  shut,  it  will  have  to  resist^  not  only  the  pressure  due  to  differ- 
ence of  level,  but  all  tiie  momentum  of  the  moving  mass  of  water  in  the  horizontal  tube.  This 
will  be  greater  according  to  the  length  and  diameter  of  the  horizontal  tube.  The  blow  given 
by  the  moving  column  of  water  when  its  motion  is  arrested — that  is,  the  momentum  of  the 
water — ^is  used  in  the  water  ram  as  follows.  A  long,  wide  tube,  slightiy  inclined,  is  supplied  with 
water  from  the  constant  source.  At  the  lower  end  of  the  tube  is  a  valve  which  only  opens  out* 
wards  and  upwards.  Close  to  this,  and  situated  in  a  smaU  tube  entering  the  main  pipe,  is 
another  valve  which  opens  downwards  and  inwards.  The  seoond  valve  has  considerable  weight, 
or  SB  pressed  down  with  a  spring.  It  is  also  so  large  that  when  down  (or  open),  a  free  flow  of 
water  can  pass  by  it.  If  we  suppose  the  wide  pipe  to  be  full  of  water  which  flows  out  of  the 
large  valve,  this  current  will  press  upwards  and  dose  the  larger  valve.  At  this  instant  the 
whole  of  the  water  in  the  pipe  is  in  motion.  It  is,  therefore,  suddenly  stopped,  and,  by  virtue 
of  its  momentum,  it  forces  open  the  terminal  valve  through  which  some  water  is  projected  into 
the  narrow  pipe  and  up  it  to  a  levd  above  the  higher  end  of  the  wide  pipe.  The  motion  of  the 
water  being  thus  checked  the  larger  valve  sinks,  allows  more  water  to  pass  it  so  that  the  momen- 
tum of  the  water  in  the  feed  pipe  accumulates.  The  same  process  is  repeated  over  and  over 
attain  ;  at  each  dosing  of  the  large  valve  a  fresh  Quantity  of  water  is  forced  out  of  the  end  valve. 
u  this  latter  simply  opened  into  a  vertical  pipe,  uie  momentum  of  the  water  in  this  pipe  would 
have  to  be  overcome.  To  avoid  this  a  provision  called  an  air^ihamber  is  made.  This  consists 
of  a  dosed  vessd  the  top  of  which  is  fuU  of  air.  The  valve  and  exit  pipe  are  in  communication 
with  the  water  in  the  bottom  of  this  vessd.  The  air  yields,  by  its  elastidty,  to  the  sudden 
influx  of  water  into  the  idr  vessel,  and  when  that  influx  has  ceased  and  the  valve  dosed,  the 
compressed  air  forces  tiie  water  up  the  tube. 
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WATERSPOUTS.  When  whirlwincU  occur  over  the  sea,  or  any  eheet  of  water,  tibe 
tnesed  into  waves  beneath  them,  and  the  anpect  of  the  phenomenon  suggests  the  beEef  that  the 
water  is  sucked  up  by  the  whirlwind.  Observation,  shows,  however,  that  the  water  earned 
round  by  the  whirlwind  is  not  sea-water  but  either  fresh  or  veiy  sligfaUy  braddsh. 

WATER  WHEELS.  These  familiar  examples  of  the  appUcation  of  water  power  to 
machinery  may  be  oonveniently  divided  into  two  claasee,  namely  those  in  which  the  weight  of 
the  water,  and  those  in  which  the  momentum  of  the  water  is  mainly  utilised.  Where  the  flow 
of  water  is  abundant  and  rapid  but  the  fall  inconsiderable,  the  "  undershot "  wheel  is  used. 
The  most  simple  fonn  of  this  is  a  large  wheel,  the  spokes  of  whidi  are  carried  throu^  the 
circumference  and  expanded  into  flat  boards  or  paddles.  Placed  vertically  in  mnning  wsUr 
so  that  the  lower  paddles  are  entirely  immersed,  the  water  will,  of  course,  turn  the  wheel  round 
when  the  axis  ii  fixed.  It  is  only  that  paddle  which  is  in  a  vertical  plane,  that  is,  at  its  lowest^ 
which  receives  and  transmits  in  a  rotary  direction  the  full  force  of  the  impinging  watec 
Those  higher  up  are  presented  obliquely,  and,  therefore,  virtually  with  less  surface,  to  the  stream. 
A  portion  only  of  the  pressure  they  receive  is  resolvable  tangentially,  the  rest  acts  upon  the 
axle  of  the  wheel  and  is  lost.  For  this  reason  an  undershot  wheel  is  only  immeiged  a  little 
depth  in  the  water.  Its  effect  is  greater  the  wider  are  the  paddles.  To  avoid  the  loss  incurred 
by  the  slipping  off  sideways  of  the  water  from  the  paddles,  before  it  has  given  its  full  momeih 
tum  to  them,  the  driving  water  is  usually  collected  in  a  narrow  channel  or  trough,  into  which 
the  paddles  nearly  fit.  Additional  force  is  also  gained  by  using  curved  paddles  or  scoops  instead 
of  flat  boards,  with  their  hollow  sides  presented  to  the  stream. 

The  overshot  wheel  depends  mainly  upon  the  weight  of  water,  and  is  employed  where  only 
a  srnaU  flow  of  water  ib  available,  but  through  a  considerable  height.  In  this  form  of  'vtheeL 
scoop  paddles  are  used.  The  water  is  collected  into  a  channel  of  the  width  of  the  scoops,  and 
brought  to  the  top  of  the  wheel  where  it  enters  the  scoops,  which,  acting  like  a  series  of  budcets, 
weigh  the  wheel  round.  These  buckets  are  sometimes  made  moveable  on  horizontal  axes, 
parallel  to  that  of  the  wheel,  in  such  a  way  that  they  remain  full  till  they  reach  nearly  to  the 
bottom  of  the  wheel,  thus  preserving  the  same  weight  throughout  their  descent.  If  the  paddks 
were  flat,  each  cell  or  bucket  would,  of  course,  be  emptied  immediately  after  passing  the  horizon- 
tal position.  Neither  undershot  nor  overshot  wheels  are  found  to  do  more  than  from  70  to  8o 
per  cent,  of  the  theoretical  amount  of  work.  The  latter  amount  could,  of  course,  only  be  ob- 
tained by  the  complete  stoppage  of  the  flow  or  fall  of  the  water ;  and,  though  gravity  would 
ultimately  remove  the  water  which  had  thus  lost  its  moving  power,  yet  the  accumulation  of  the 
exhausted  water  would  be  inconvenient. 

Horizontal  water  wheels  are  occasionally  used.  If  a  rectangular  strip  of  metal  be  bent  into 
the  form  of  the  letter  S,  and  placed  between  two  parallel  discs  whose  diameters  are  equal  to  the 
height  of  the  letter,  it  is  clear  that  two  curved  cells  will  be  formed.  If  another  such  S-shaped 
piece  be  introduced  (crossingthe  first)  with  its  curvature  in  the  same  sense,  four  such  <^ls 
will  be  formed,  and  so  on.  Water  which  enters  such  a  cellular  drum,  at  or  near  the  axii,  will 
reach  the  circumference  by  passing  along  a  widening  channel  with  curved  sides.  As  its  direc- 
tion tends  always  to  be  straight,  it  must  push  up  against  the  concave  side  of  the  channel  through 
which  it  passes.  The  same  takes  place  in  all  the  ceUs,  and  the  wheel  is  urged  round  in  the 
same  direction  by  each. 

The  screw-turbine  consults  simply  of  a  vertical  rod  around  which  is  fastened  a  screw-surfMS 
like  a  spiral  staircase,  of  which  the  well  is  filled  up  by  a  column.  TMs  screw  works  in  a  cylin- 
der, so  that  there  is  a  spiral  chamber  from  the  top  to  the  bottom  of  the  cylinder.  Water 
which  flows  in  at  the  top  of  this  cylinder,  is  forced  out  of  the  natural  or  vertical  direction 
of  its  descent.  Being  compelled  to  flow  along  the  screw,  ito  tangential  action  upon  the 
screw  must  be  equal  to  its  own  lateral  inertia,  and  accordingly  the  screw  turns  round 
The  cylinder  containing  the  screw  is  fastened  into  the  partition  between  two  cisterns,  one 
above  the  other,  so  that  the  cylinder  remains  full  of  water. 

WAVE  LENGTH.  (In  Optics.)  According  to  the  undulatory  theory  of  light  the  wave 
length  is  the  distance  between  the  waves  which  cause  the  effect  of  light,  from  crest  to  crest 
The  following  are  the  wave  lengths  in  parts  of  an  inch  of  the  undulations  which  produce 
light  :— 


Extreme  Red, 
Red,  . 
Orange, 
Yellow, 
Green, 


0*0000266 
0*0000256 
0*0000240 
0*0000227 

0'00002II 


(See  UndvUatory  Theory  of  Light,) 


Blue,  . 

0*0000196 

Indigo, 

0*0000185 

Violet, 

0*0000174 

Extreme  Violet, 

• 

oxxx)oi67 

^ 
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WAVE  LENGTH.     (In  Sound.)    In  order  to  find  the  actual  wave  length  in  air  for  any 
paxticuiar  note  we  have  only  to  consider  the  rate  of  sound  in  air  and  the  pitch  of  the  note.    For 
let  vm  imagine  there  to  be  two  points  I  loo  fet  apart,  and  let  one  of  these  points  commence  at 
the  beginning  of  a  second  to  give  out  a  note  consisting  of  say  422  vibrations  per  second.    At 
the  end  of  the  second  the  first  vibration  will  be  at  the  second  point  B,  that  is  1 100  feet  away, 
the  last  vibration  iwill  be  just  starting  from  A,  so  that  there  will  be  422  vibrations  in  the  1 100 
feet,  and  accordingly  the  distance  between  any  two  maxima  of  compression,  that  is,  the  wave 
length,  will  be  V^>  or  2  feet  7  J  inches  nearly.    Similarly  for  notes  of  other  pitch.     In  general 
terms  the  length  of  a  wave  of  any  note  is  directly  proportional  to  the  time  interval  between  two 
of  its  consecutive  wave  elements,  or  inversely  proportional  to  the  pitch  of  the  note.     This  law 
enables  us  to  determine  the  velocity  of  sound  in  vaiious  media  by  comparing  the  pitch  of  the 
note  produced.     (See  Velocity  of  Sound  in  Solids.) 
.WAVE  LENGTHS  OF  THE  METALLIC  RAYS.     See  MdaUie  Bays,  Wave  Length  of. 
WAVES  IN  AIR,  INSTRUMENT  FOR  RENDERING  VISIBLE.    Dr.  Topler  has 
devised  a  method  of  lymdering  visible  aerial  waves.    {Pogg,  Ann.  cxrvii.,  pp.  556-580.)    The 
apparatus  which  he  employs  consists  of  a  lamp,  a  beam  of  light  from  whi<i  is  caused  to  pass 
through  a  metallic  screen,  and  to  fall  upon  a  system  of  lenses  of  from  24  to  4  feet  focal  length, 
and  of  large  diameter.    The  screen  is  arranged  so  that  it  can  be  moved  along  the  aads  of  the 
lens,  and  the  latter  forms  an  image  of  the  hole  in  the  screen  at  a  distance  of  from  10  to  25  feet. 
The  image  is  received  upon  the  objective  of  a  small  telescope,  and  a  second  screen,  with  a  straight 
sharp  e^^  is  placed  at  this  point.   If  the  lens  is  perfect  the  entire  beam  of  light  is  concentrated  at 
the  focus,  and  in  moving  the  screen  in  front  of  the  object-glass  of  the  telescope  no  change  in  the  field 
of  the  telescope  is  obs^ed  until  the  screen  reaches  the  luminous  image,  when  the  lens  suddenly 
disappears  (the  astronomical  telescope  being  focussed  to  give  a  shaip  image  of  this  lens).    But 
if  the  lens  is  not  perfect,  if  it  contuns  a  flaw,  then  this  will  refract  light  differently  from  the 
body  of  the  lens ;  the  rays  from  this  flaw  will  not  collect  in  the  same  focus  as  the  other  rays ; 
when  the  moveable  screen  has  nearly  reached  the  principal  image,  many  of  the  rays  from  this 
flaw  (which  otherwise  would  have  reached  the  object-glass  of  the  telescope,  and  thus  the  eye) 
are  now  cut  off ;  hence  this  flaw  a^ppears  dark  on  ike  bright  ground  of  the  image  of  the  lens ; 
and  when  the  screen  is  moved  down  so  as  completely  to  cut  off  the  regular  image  of  the  luminous 
hole,  many  of  the  rays  from  the  flaw  will  yet  reach  the  objective,  so  that  the  flaw  now  appears 
bright  upon  a  dark  ground.    As  the  distances  between  the  different  parts  of  this  apparatus  are 
considerable  (20  feet  or  mora),  and  as  the  telescope  may  be  of  a  high  power,  this  method  is  in- 
credibly sensitive.     The  object  to  be  examined  must,  of  course,  be  transparent ;  if  it  is  the 
object-glass  of  a  telescope,  this  forms  the  principal  lens  ;  if  a  flame  or  the  like,  it  is  placed 
dose  to  the  principal  leils,  between  it  and  the  telescope.    Topler  has  found  that  perfectly  homo- 
geneotis  glass  is  exceedingly  raro ;  it  has  usually  either  filiform  flaws  (which  are  easUy  de- 
tected, and  but  little  injurious),  or  flaws  throughout  its  entire  mass,  appearing  in  this  apparatus 
as  if  brushed  over  by  a  brush.     These  very  injurious  flaws  hitherto  wero  not  discovered  till  the 
lens  was  almost  worked  out ;  by  this  apparatus  they  are  easily  detected  in  the  glass.    The 
^me  of  a  Bunsen  burner  shows,  besides  tne  three  well-known  parts  visible  to  the  unaided  eye, 
two  others,  an  exterior  large,  very  well  defined  cone  (consisting  of  the  heated  products  of  com- 
bustion and  of  air),  and  a  bright  interior  cone  resting  on  the  tube  as  the  base,  having  a  sharp 
outline  (consisting  of  the  mixture  of  gas  and  air  beforo  any  combustion  has  taken  pla^).    The 
dectrie  spark  when  produced  by  the  induction  coil  and  aUowed  to  pass  between  the  electrodes 
shows  very  interesting  and  instructive  phenomena ;  of  which,  however,  it  would  be  difficult  to 
•   give  a  clear  idea  in  a  few  words.    The  sovnd-ieave  in  air  oorrespondixig  to  each  separate  spark 
is,  like  the  sound,  a  single  impulse;  it  is  beautifully  visible  as  a  bright  circle  or  dlipse  around 
the  source  of  sound,  moving  regularly  from  the  centre  outwards.    A  succession  of  sparks  in 
regular  intervals,  gives  moving  droles  of  light.    The  spark  from  a  Leyden  jar  gives  a  sharp 
sound,  and  one  increasing  cirole  of  light,  one  sound-wave.    That  this  is  a  sound-wave  Topler 
proved  by  trying  in  vain  to  blow  it  aside  by  a  feeble  current  of  air,  and  also  by  finding  it  pr(^ 
gress  mora  rapidly  in  heated  air.    But  more  interestinff  yet  is  his  experiment  on  the  reflected 
sound-wave.     Suspending  a  glass  plate  from  the  brass  dectrodes  by  means  of  corks,  he  saw  in 
lines  of  light  preciselv  the  same  phenomenon  which  we  observed  wlran  drcnlar  waves  of  a  liquid 
meet  a  plane  wall ;  they  are  reflected  as  circles  described  from  a  point  as  far  behind  the  obstade 
as  the  origin  of  the  wave  is  in  front  of  the  same.     By  placing  the  dectrodes  dther  in  the  axis 
of  the  apparatus  or  at  right  angles  to  it  Topler  found  that  in  the  first  case  the  lines  were 
dliptical,  in  the  latter  circular,  so  that  the  wave  is  a  surface  of  revolution  around  the  dectrodes 
as  sn  axis.    It  may  well  be  said  that  by  means  of  Topler's  apparatus  wt  see  the  samul;  in 
CUadni*s  and  even  in  Kundt*s  experiments  we  only  see  the  motion  imparted  by  air  to  some 
other  body,  not  the  motion  of  the  air  itwlf.    For  uie  implication  of  this  method  to  the  m&oro- 
aoope  see  Tdpler*s  article  in  Pogg.  Ann,;  dso  SUUman's  Journal^  voL  zliiL,  p.  39a 
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WAVES  IS  LIQUIDS.  If  the  dicnlar  end  of  a  solid  cjlind^  be  placed  on  the  soiface  of 
a  liquid  at  rest,  and  Uien  suddenly  depressed,  the  depression  of  the  water  beneath  the  cylinder 
will  not  cause  an  immediate,  general,  and  uniform  lif tdng  of  the  whole  of  the  rest  of  the  water's 
surface  ;  but  the  water  will  be  raised  in  the  neighbourhood  of  the  liquid  in  the  form  of  a  d^ 
oular  elevation  or  wave,  which  travels  in  an  expanding  circle,  of  which  the  cylinder  is  tiie 
centre.  Similarly,  if  a  cylinder  be  immersed  in  a  vessel  of  water  at  rest,  and  then  raised,  the 
cylinder's  place  will  be  immediately  occupied  by  the  neighbouring  watOT,  which  will  therebj 
form  a  circular  valley  around  the  cylinder,  and  this  valley  will  travel  in  a  widening  ring  in  the 
same  manner  as  the  wave  of  elevation  in  the  former  case.  When,  therefore,  the  cylinder  is 
raised  and  depressed  at  regular  intervals,  a  succession  of  such  circular  waves  of  elevation  aod 
depression  will  succeed  one  another,  and  a  series  of  waves  will  be  formed.  The  waves  in  Has 
case  *iiTnmia1i  in  intensity  as  they  recede  from  the  central  source.  If  the  liquid  be  confined  in 
a  straight  trough,  the  diminution  by  radiation  is  prevented,  and  the  only  decrease  in  the  wave's 
intensity  (height)  as  it  travels  is  due  to  friction.  Such  a  straight  rectangular  trough  is  con- 
venient for  studying  the  phenomena  of  waves  if  its  sides  are  of  glass.  If  we  imagine  a  wave  of 
elevation,  followed  by  a  wave  of  depression,  to  travel  from  left  to  right,  a  particle  of  the  liquid 
surface  will  perform  a  complete  circle  in  the  direction  of  the  hands  of  a  watch  as  the  complete 
double  wave  passes  by,  the  upper  half  of  the  circle  being  completed  during  the  passage  of  the 
elevation,  and  the  lower  half  during  that  of  depression.  The  particle  ^idll  be  at  its  original 
level  for  a  moment  when  the  first  half  (of  the  double  wave)  has  passed  by.  The  height  of  the 
wave  from  the  bottom  of  the  valley  to  the  top  of  the  hill  is  the  diameter  of  the  circle  performed 
by  such  a  partide,  and  a  line  joining  the  centres  of  all  such  circles  in  the  original  surtace  of  the 
liquid.  If  we  examine  other  points  of  the  surface  of  the  liquid,  we  find  that,  while  one  particle 
has  performed  a  complete  cirde,  the  wave  has  progressed — that  is,  some  of  the  neighbouring 
partides  to  the  right  have  performed  parts  of  their  circular  paths,  more  or  less  oompl^  accota- 
ing  as  the  distance  from  the  first  particle  is  less  or  greater.  The  particles  are  said  to  be  in  dif- 
ferent *'  phases  "  of  motion.  The  length  of  the  wave  is  usually  considered  as  the  distance  from 
gmnmit  to  summit  of  neighbouring  waves,  or  from  valley  to  valley.  The  height  of  a  wave  is 
reckoned  from  top  of  the  hill  to  bottom  of  the  vallev.  This  is  clearly  the  diameter  of  the  drcnlar 
path  described  by  a  particle,  and  is  called  the  amphtude  of  the  particle's  motion,  or  amplitude  of 
the  undulation.  That  particle  which  is  a  whole  wave  length,  in  the  direction  of  the  wave's  pro- 
gression, from  the  particle  which  has  come  to  its  original  position,  is  just  commencing  to  rise 
and  advance  ;  that  one  at  half  a  wave's  length  has  performed  the  upper  half  of  its  drc^ar  path, 
and  is  on  the  same  level  as  it  was  to  begin  with,  but  advanced  to  the  right  a  distance  equal  to 
half  the  wave  height,  and  so  on.  In  such  a  series  of  waves  we  have  supposed  the  motion  to  be 
symmetrical — that  is,  the  particles  move  in  circles.  This  is  not  always  the  case.  Indeed,  most 
frequently  the  particles  move  in  ellipses^  whose  major  axes  are  horizontal  or  vertical,  according 
as  tne  wave  length  is  greater  or  less  in  proportion  to  the  amplitude,  than  it  is  in  Uie  case  of 
circular  motion.  In  aSi  cases  where  closed  curves  are  described,  the  water  does  not  advance 
with  the  wave  permanently — ^that  is,  a  body  floating  on  the  water  wiU  not  drift.  But  when 
the  water  is  urged  into  motion  by  a  violent  impulse,  as  by  a  high  wind,  the  paths  of  the  par" 
tides  are  not  dosed,  and  the  floating  body  will  drift. 

WATT'S  PARALLEL  MOTION.    See  Poraflrf  MoHon, 

WAX.  A  name  applied  to  a  great  many  substances  of  similar  properties,  of  which  bees-wax 
may  be  taken  as  the  type.  This  is  a  yellow,  tough,  solid  substance,  insoluble  in  water,  soften- 
ing with  heat,  and  beooming  liquid  bcdow  the  boHing  point  of  water.  It  may  be  bleached  by  ex- 
posure to  the  atmosphere  in  thin  shreds.  It  is  a  mixture  of  several  neutral  bodies  and  fatty  adds.  • 

WEATHER  The  condition  of  the  atmosphere  at  any  place,  as  respects  humidity,  tempera* 
ture,  motion,  dectridty,  &c.  (See  Atmoiphere;  Climate;  Cloud:  Dew;  Fog;  Snow;  HaA; 
Winds ;  Hygrometer^  &c. 

WEAT^IR-GLASS.  The  weather-glass  consists  of  a  syphon  barometer  (which  see),  upon 
the  mercury  of  whose  shorter  limb  floats  a  plug  of  glass.  This  plug  is  partly  counterpoised  by 
a  smaller  weight,  which  is  connected  with  the  floatLg  plug  by  a  nlk  thread  passing  over  sd 
easily-moved  wheeL  The  axis  of  the  wheel  bean  an  index,  which  moves  over  a  circular  face. 
When  the  atmospheric  pressure  increases,  the  height  of  the  mercurial  oolxunn  in  the  closed  end 
is  raised ;  the  mercury  in  the  shorter  open  end  sinks,  and,  consequently,  the  heavy  weight  whidi 
floats  upon  it  sinks  and  lifts  the  lighter  weight  at  the  other  end  of  the  string,  turning,  as  it  does 
so,  the  wheel  round  which  the  string  is  wound,  and  thereby  moving  the  index.  When  the  at* 
moepheric  pressure  diminishes,  the  supported  colunm  is  less,  and  therefore  more  mercury  enteis 
the  open  end,  floating  up  the  heavier  glass  weight,  and  therefore  moving  the  whed  and  index 
in  the  om)osite  direction.  As  air  chaziged  with  aqueous  vapour  is  lighter  than  diy  air  (^ 
Weight  qf  Oaui\  a  fall  in  the  barometer  often  indicates  a  partial  saturation  of  the  air  with 
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vmter,  a  state  of  thinge  which,  of  ooune,  frequently  precedes  a  condezisatioii  of  watery  rapotir 
— that  is,  rain.  When  a  mass  of  air  is  moving  with  great  velocity  in  the  neigfabomrhood  of  the 
barpmeter,  the  soiroimding  air  seeks  to  supply  the  place  of  the  moving  air,  and  therefore  be- 
comes less  dense.  As  snch  rapidlv-moving  aerial  currents  are  usually  accompanied  by  storms, 
one  may  regard  the  sudden  "  fall  of  the  oarometer  as  a  precursor  of  rain  or  of  other  violent 
atmospheric  disturbance,  and  hence  its  use  as  a  *' weatherglass." 

WEATHEB-PBEDICTION.  In  all  ages  men  have  endeavoured  to  elucidate  the  laws  in- 
fluencing weather^hanges,  and  to  deduce  rules  by  which  to  predict  such  changes.  The  attempt 
hitherto  has  not  been  very  successful,  except  in  so  far  as  the  anticipation  of  the  progress  of  well* 
marked  storms  already  in  progress  is  concerned.     (See  Stcrm  Wamingt.) 

The  popular  weather-tokens  are  for  the  most  part  founded  on  real  laws  of  atmospheric  change, 
but  scarcely  any  of  them  afibrd,  strictly  spealong,  more  than  an  argument  from  probabili^. 
Perhaps  the  evidence  derived  from  the  motions  of  the  cirrus  clouds  is  that  which,  if  righUy 
studied,  would  enable  us  to  anticipate  most  satisfactorily  the  future  condition  of  the  weather, 
because  in  many  instances  the  motions  in  the  upper  region  of  the  air  indicate  those  which  will 
presently  prevau  in  the  lower.  For  the  meteorological  explanation  of  ordinary  weather  prognos- 
tics, the  reader  is  referred  to  Sir  Humphry  Davy's  Salmcnia, 

The  teachings  of  the  barometer,  hygrometer,  and  thermometer,  as  to  the  condition  of  the  air, 
studied  with  careful  reference  to  the  past  progress  of  weather  changes,  to  the  present  aspect  of 
the  sky,  the  direction  of  the  wind,  uid  tne  like,  tmdoubtedly  afford,  in  many  instances,  very 
sure  means  of  anticipating  approaching  weather  changes.  But  much  careful  study  of  the  suIh 
ject  is  still  necessary  before  sound  and  general  laws  can  be  established. 

The  influence  of  the  moon  on  the  weather  has  been  much  debated,  and  while  the  ordinary  rules 
associating  the  lunar  phases  with  weather  variations  have  been  shown  to  be  altogether  unten- 
able, it  has  yet  not  been  thought  wholly  impossible  that  the  moon  should  exert  other  influences, 
as  in  dispersing  clouds,  &c.    Sir  John  Herschel  and  Arago  have,  indeed,  assigned  to  the  moon 
an  influence  of  this  sort,  and  Mr.  Park  Harrison,  from  a  careful  study  of  the  Greenwich 
meteorological  records,  has  shown  that  there  is  at  Greenwich  an  appreciable  tendency  to  cloud 
dispersion  riiortly  after  full  moon.     Schiibler,  after  sixteen  years  observation,  has  found  that 
winds  from  the  south  and  west  increase  in  frequency  during  the  moon's  first  quarter,  while  winds 
from  the  north  and  east  are  at  a  maiimum  during  the  moon's  last  quarter,    mt  these  influences 
are  too  local  in  their  character  to  be  regarded  as  demonstrating  the  moon's  influence.   Mr.  Bax- 
endell,  of  Manchester,  findsfrom  the  Petersburg  observations,  that  changes  take  place  at  St.  Peters- 
burg  precisely  opposite  in  character  to  those  noticed  by  Mr.  Harrison  in  the  Greenwich  records. 
WEIOHT  OF  GASES.    It  is  found  (see  ElattieUy  of  Gaees),  that  the  volume  of  a  mass  of 
any  gas  varies  almost  exactly  in  the  inverse  ratio  of  the  pressure  to  which  it  is  subjected.    Also^ 
tliat  all  gases  expand  very  nearly  exactly  the  same  fraction  of  their  volumes  for  equal  increases 
of  temperature.    (See  Heat ;  Expansion  of  Oaae»,)    It  follows  that  comparison  between  the  re- 
lative densities  of  various  eases  can  be  made  at  any  temperature  and  pressure^  since  all  are 
affected  alike.    The  actual  weight  of  a  siven  volume  of  a  gas  havinsr  been  ascertained  at  a 
given  pressure  and  temperature,  the  weight  of  the  same  volume  on  uie  volume  of  the  same 
weight  at  any  other  pressure  or  temperature  can  be  calculated,  and,  for  the  sake  of  uniform 
comparison,  the  constant  temperature  32**  F.  and  to  inches  barometeio  pressure  are  usually 
taken.    The  weight  of  a  gas  in  comparison  with  hydrogen,  If  equal  volumes  of  them  are  taken, 
or  the  roecifio  gravity  of  gases,  is  at  once  known  if  we  know  the  atomic  weight  of  the  elements 
of  which  the  gas  is  composed,  the  number  of  atoms  concerned  in  the  composition  of  the  gas, 
and  the  contraction  which  the  constituents  undergo  in  combining  together.    Thus  the  atomic 
weight   of   oxygen  (in  comparison  with  hydrogen),  is  16.      Wat^  is  formed  when  two 
Tolumes  of  hy(Uogen  unite  with  one  volume  of  oxygen.    And  the  three  volumes  <^  the  mixture 
contract  in  unitix^^  to  two  volumes,  therefore  two  volumes  of  vapour  of  water  or  steam  weigh  18 
times  as  much  as  a  volume  of  hydrogen,  or  one  volume  of  steam  weighs  9  times  as  mudi ;  the 
specific  gravity  of  steam  is  therefore  9.    Again,  oqual  volumes  of  chlorine  and  hydrogen  unite^ 
without  contraction,  to  form  hydrochloric  Mod.    The  atomic  weight  of  chlorine  is  35*5.     There- 
fore 36*5  is  the  weight  of  two  volumes  of  hydrochloric  add,  or  the  spedfio  gravity  of  hydro- 
chloric add  is  16*25.    ^^  spedfic  gravities  of  simple  gases  are,  of  course,  their  atomic  weights. 
In  order  to  obtain  the  spedfic  gravity  of  gases  referred  to  air,  we  have  to  divide  their  specific 
gravities,  in  regard  to  hydrcwen,  by  Uie  B|Mcific  gravity  of  air,  which  is  14*5. 

WEIGHT  THERMOMSTEB*  This  instrument  was  used  by  Duloiu^  and  Petit  in  many 
of  their  investigations.  It  consists  of  a  glass  flask,  a^ble  of  holding  wout  half-a-pound  of 
mercury,  the  neck  of  which  is  a  capillary  tube  three  or  four  inches  long,  bent  flenerally  twice  at 
right  angles.  The  glass  veesd  is  accurately  weighed,  and  then  oompletdy  fi&ed  with  mercury 
at  o'^C,  and  weighed  again.    Thus  the  weight  of  mercury  oontained  in  it  is  known.    If  tha 
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Snatroment  be  now  exposed  to  %  wann  temperature,  the  glass  and  the  mercniy  both  expand, 
but  the  mercury  expands  by  a  much  greater  amount  than  the  glass,  and  a  portion  of  it  ia  driven 
out  of  the  capillary  tube  and  is  collected  in  a  capsule  arranged  for  the  purpose.  The  weight  of 
the  mercuiy  expelled  is  then  determined.  The  amount  expelled  is  simply  proportional  to  the 
number  of  degrees  of  temperature  through  which  the  vessel  has  been  raised,  on  the  suppontkm 
that  mercury  expands  uniformly  in  glass  ;  and  it  depends  upon  the  difference  between  the  iiiei 
of  expansion  for  mercury  and  glass  ;  and  having  once  determined  the  coefficient  of  apparent 
expansion  for  mercuiy  endoaied  in  the  particular  glass  employed,  it  is  easy  to  calculate  tlie 
temperature  to  which  the  thermometer  has  been  ndsed. 
WEIGHTS,  ATOMIC,  OF  ELEMENTS. 


Aluminium, 

Antimony, 

Arsenic, 

Barium, 

Bismuth, 

Boron, 

Bromine, 

Cadmium, 

Csesium, 

Calcium, 

Carbon, 

Cerium, 

Chlorine, 

Chromium, 

Cobalt, 

Copper, 

Didymium, 

Erbium, 

Fluorine, 

Glucinum, 

Gold, 

Hydrogen, 

Indium, 

Iodine, 

Iridium, 

Iron, 

Lanthanum, 

Lead, 

Lithium, 

Magnesium, 

Manganese, 

Mercury, 
WEIGHTS.    See  Metric  SygUm, 

WENHAM'S  PRISM.    A  glass .  ,  ^  . 

the  object  glass  of  a  compound  microscope,  so  as  to  divide  the  bundle  of  rays  coming  through 
it  into  two  halves,  one  of  which  is  allowed  to  proceed  as  usual  along  the  main  body  ol  the  nu- 
croscope,  whilst  the  other  half  is  reflected  oUiquely  along  the  axis  of  the  secondary  body.  This 
arrangement  is  now  usually  adopted  to  obtain  a  stereoscopic  effect  in  the  compound  microaoqpA* 
(See  Binocular  Microtoope.) 
WHEATSTONE'S  BRIDGE.    See  Bridge,  WKeat&Umt'; 

WHEEL  AND  AXLE.  A  modification  of  the  lever,  oonaiBting  of  two  cylinden  of  dif- 
ferent radius  having  a  oonmion  axis,  the  smaller  being  termed  the  axle,  and  the  larger  tto 
wheel.  A  cord  is  wound  round  the  wheel  in  one  direction,  and  another  oord  round  ti^e  *^ 
in  the  opposite  direction.  The  weight  is  attached  to  the  latter,  and  the  power  is  implied  to  tba 
former.  When  both  the  power  and  the  weight  are  vertical,  and  we  consider  the  macfaino  as 
seen  in  the  direction  of  the  axis,  we  have  two  parallel  forces  acting  at  the  extremities  of  t«o 
arms  of  a  lever  whose  fulcrum  is  in  the  axis.  The  condition  of  equilibrium  is,  tbei«fo>^ 
that  the  power  multiplied  by  the  radius  of  the  wheel  shall  be  equal  to  uie  weight  multiplied  ^7 
the  radius  of  the  axle. 

WHEEL  BAROMETER.    See  Bartmdftr. 
WHIRLWINDS.    See  Winds, 
WHITE  CAST  IRON.    See  Irm,  Out. 


27'34 

I22'00 

75-00 

137*00 
21034 

10*90 

8o*oo 

II2'24 

133-00 

40*00 
12*00 
92*00 

35-50 

52-4« 

5874 
63-50 

96*00 

114*60 

19*00 

930 
196*66 

1*00 

72*00 

126*82 

19700 

56*12 

92*00 

206*91 

7*00 

2432 

5500 

2OO'O0 


Molybdenum, 

96*00 

Nickel, 

59W 

Niobium,     . 

94*00 

Nitrogen,     , 

14*00 

Osmium,* 

199-00 

Oxygen, 

16100 

Palladium,  . 

106*50 

Phosphorus, 

3'^ 

Platinum,    . 

197*10 

Potassium, 

3910 

Rhodium,     , 

104*30 

Rubidium,  , 

85-30 

Ruthenium, 

104-20 

Selenium,    . 

79-50 

Silicon, 

28-00 

SUver, 

io8tx) 

Sodium, 

23*00 

Strontium, 

8750 

Sulphur, 

32XX) 
182*00 

Tantalum,    . 

Tellurium,   , 

129100 

Thallium, 

238*00 

Thorinum, 

Tin,     . 

118-00 

Titanium, 

JOXX) 

184-00 

Tungsten,    . 

Uranium,    , 

120*00 

Vanadium,  . 

51*30 

Yttrium, 

61*70 

Zinc, 

65*00 

Zirconium,  . 

89-50 

)eculiar  foxm 
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WHITE  LEAD.    See  Carb<m;  CarbonaU  nf  Lead, 

WHITE  LIGHT,  RECOMPOSITION  OF.    See  RecompoiiUan  of  WhUe  Light. 

WHITE  PRECIPITATE.    See  Mercury,  CkUmdea. 

WHITE'S  PARALLEL  MOTION.    See  ParaUd  Motion, 

WHITE  VITRIOL,    ^e  Svlphatee  ;  Zinc. 

WILLOW  LEAVES,  SOLAR.    See  Sun. 

WINCH.  A  modification  of  the  wheel  and  axle,  the  power  being  applied  by  means  of  a 
rectangular  lever  or  cranked  handle.  It  ib  used  for  drawing  water  from  wcUb,  for  taming 
wheels,  lifting  weights,  and  for  a  variety  of  common  purposes.  Steam  winches  are  much  used 
for  lifting  cargoes  from  the  holds  of  vessels. 

WINDLASS.  (The  origin  of  the  latter  part  of  the  word  is  doubtful.  It  was  formerly  spelt 
windlace,  and  this  points  to  wind  (verb),  and  lace  (noun),  as  the  component  words.  The  Dutch 
equivalent,  however,  is  vfindaSy  from  wiiuien,  to  wind  ;  and  as,  an  axis.)  An  application  of  the 
wheel  and  axle.  It  usually  consiBts  of  a  horizontal  axle  supported  on  props,  so  as  to  be  capable 
of  revolution  about  its  central  line,  and  a  winch  the  arm  of  which  represents  the  radius  of  the 
wheel.  One  end  of  a  rope  or  chain  is  attached  to  the  axle,  and  the  other  end  to  the  weight ; 
thus,  by  turning  the  winch,  the  rope  is  coiled  on  the  axle,  and  the  weight  is  raised.  The  wind- 
lass used  in  ships  for  raising  the  anchors  consists  of  a  strong  beam  of  wood  placed  horizontally, 
and  supported  at  its  ends  by  iron  spindles.  The  beam  is  pierced  with  holes  directed  towards  its 
centre,  in  which  long  levers  or  handspikes  are  inserted  for  turning  it  round  when  the  anchor  is 
to  be  raised. 

WINDS.     The  movement  of  the  air  in  currents  from  one  place  to  another. 

Speaking  generally,  all  winds  are  caused  by  the  variations  taking  place  continually  in  the 
condition  of  the  air  as  respects  heat  and  moisture,  and  therefore  as  respects  rarity.  When  the 
air  over  a  given  place  becomes  rarefied,  that  is,  when  the  atmospheric  pressure  there  becomes 
relatively  small,  that  region  at  once  becomes  a  centre  towards  which  inflowing  air-currents 
direct  themselves.  According  to  the  nature,  extent,  and  continuance  of  this  diminution  of 
pressure,  the  nature  of  the  resulting  air-currents  varies  within  very  wide  limits. 

Taking  first  a  relation  affecting  Uie  earth  as  a  whole,  we  have  in  the  excess  of  heat  at  the 
earth's  equatorial  regions  the  cause  of  the  permanent  or  quasi-permanent  winds  called  the  traded 
and  the  counter  trades.  The  air  at  the  equator  becomes  rare  through  the  great  heat  continually 
poured  upon  this  part  of  the  earth's  surface.  Thus  there  is  a  continual  indraught  towards  this 
region  of  excessive  heat.  This  indraught  cannot  be  supposed  to  come  from  polar  regions,  but 
rather  from  the  temperate  and  sub-tropical  regions  which  lie  nearest  to  the  region  of  greatest 
heat.  If  the  earth  were  not  rotating,  the  air  thus  flowing  towards  the  equator  would  simply 
travel  southwards  in  the  northern  hemisphere,  and  northwards  in  the  southern.  But  as  the 
earth  is  rotating,  and  these  air<nirrent8  are  flowing  from  latitudes  where  the  motion  of  rotation 
is  less  to  latitudes  where  this  motion  is  greater,  the  air  seems  to  lag  against  the  direction  of  the 
earth's  motion,  or  to  come  from  the  east,  (since  the  earth's  rotation  is  towards  the  east.)  This 
lag,  combined  with  the  motion  towards  the  equator,  causes  these  winds  to  be  north-easterly  in 
the  northern  hemisphere  and  south-easterly  in  the  southern. 

Such  are  the  trade  winds,  though  it  must  be  carefully  borne  in  mind  that  these  winds  are  by 
no  means  in  reality  permanent.  Captain  Maury  points  out  that  they  are  often  replaced,  even 
in  the  so-called  triie  latitudes,  by  winds  blowing  in  a  contrary  direction. 

Since  there  is  this  tendency  to  the  prevalence  of  winds  towards  the  equator,  it  follows  neoes- 
sarily  that  the  air  above  equatorial  regions  must  be,  for  the  must  part,  passing  away  towards 
higher  latitudes ;  and  for  a  reason  precisely  similar  to  that  which  causes  winds  blowing  towards 
the  equator  to  lag  towards  the  west,  winds  blowing  from  the  equator  would  appejr  to  hasten  (in 
advance  of  the  earth's  rotation,  that  is)  towards  the  east.  Thus,  then,  we  have  ordinarily  in 
the  regions  of  cur  above  the  trade  winds  south-westerly  winds  in  the  northern,  and  north- 
westerly winds  in  the  southern  hemisphere. 

In  the  temperate  and  arctic  regiens  we  do  not  find  so  marked  a  tendency  towards  the  exist- 
ence of  pennanent  winds  as  in  tropical  and  sub-tropical  regions.  Tet,  on  Uie  whole,  there  is  a 
tendency  to  the  prevalence  of  soutn-westerly  winds  north  of  a  region  of  frequent  aUms,  which 
marks  the  northern  limit  of  the  trades,  while  south  of  a  similar  southern  region  of  calms 
there  is  a  Andeney  to  the  prevalence  of  north-westerly  winds. 

Next  to  the  trades  and  counter-trades  in  Importance,  and  In  their  tendency  to  permanence, 
We  must  reckon  land  and  sea  breezes.  The  origin  and  nature  of  these  are  easily  explained. 
The  temperature  of  the  sea  varies  much  leas  during  the  day  than  the  temperature  of  tne  land. 
Thus,  during  the  heat  of  the  day  the  sea  is  cooler  than  the  land ;  at  night  the  sea  is  wanner 
than  the  land.  Hence,  in  the  day  time,  the  air  flows  in  from  the  sea  to  supply  the  place  of  the 
air  which  rises  from  above  the  heated  land,  while  at  nJght  the  heavier  air  over  the  cooled  land 
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flows  towards  the  sea.    When  the  land  is  hottest,  the  sea  breeze  flows  with  greatest  force,  and 
the  land  breeze  attains  its  greatest  force  during  the  coldest  part  of  the  night. 

Monsoon  winds,  which  may  be  regarded  as  a  modified  form  of  trade  wind,  have  been  slready 
dealt  with.  (See  Mon90on$.)  Other  winds  also,  depending  on  the  existence  of  such  regions  h 
the  Sahara  desert,  &c.,  have  been  described  under  the  heads  Etetian  Wtndt^  SamieL,  Sirocco,  fcc 

Hurricanes  or  cyclones,  called  also  tornadoes,  typhoons,  &;c.,  originate  in  causes  operatiai; 
suddenly  and  effectively  oyer  a  wide  extent  of  country ;  but  once  started,  these  storms  indicate 
in  their  progress  the  operation  of  oosmical  causes.  It  would  seem  that  all  true  cyclones  hsn 
their  origin  in  sub-equatorial  regions,  but  not  at  the  equator  itself.  Nor,  again,  has  any  ham' 
cane  been  known  to  cross  the  eouator,  though  it  has  happened  that  two  have  raged  at  the 
same  time  on  opposite  sides  of  tne  equator,  and  in  the  same  longitude.  Commencing  with  an 
Inrush  of  air  from  all  sides  towards  a  central  region  of  rarefaction,  it  is  easily  seen  that  a 
rotatory  motion  must  needs  be  communicated  to  the  resulting  atmospheric  disturbance.  For,x! 
we  consider  a  definite  region  in  the  northern  hemisphere  towards  which  air  is  rushing  from  all 
sides,  we  see  that  the  air  coming  from  the  north  would  be  deflected  towards  the  west  before 
reaching^  the  centre  of  disturbance,  while  the  air  coming  from  the  south  would  be  deflected  to- 
wards the  east.  And  all  the  air-currents  with  northing  would  exhibit  a  westerly  displacement 
of  greater  or  less  extent,  while  all  the  air  currents  with  southing  would  exhibit  an  easterhr 
deflection.  Thus  the  region  of  air  would  be  moved  by  westerly  forces  in  its  northern  half,  and  by 
easterly  forces  in  its  southern  half,  and  so  would  exhibit  a  rotation  opposite  to  that  of  the  bsadg 
of  a  watch  placed  face  upwards  on  a  map  of  the  region.  And  throughout  the  progress  of  a 
hurricane  in  northern  latitudes,  this  form  of  rotation  is  exhibited.  On  the  other  hand,  in 
southern  latitudes  the  rotation  is  in  the  reverse  direction. 

Cyclones,  besides  that  whirling  motion  which  constitutes  their  characteristic  peculiarity, 
exhibit  also  a  motion  of  translation,  sometimes  very  rapid,  which  carries  them  from  the  equator 
first  westwards,  and  afterwards  eastwards,  along  paths  corresponding  closely  with  the  ooane  of 
the  principal  oceanic  currents. 

Cyclones  vary  in  size  from  50  to  500  or  600,  or  even  looo  miles  in  diameter,  and  travel  at  a 
rate  varying  from  94  to  45  miles  per  hour,  but  the  velocity  of  the  whirling  motion  is  often  far 
greater. 

(See  further  Dov^  on  the  Dittribution  of  ffeatf  and  on  the  Laws  of  Stomt ;  Maury^s  Phyncd 
Oeoffraphy  of  the  Sea ;  the  third  volume  of  Taylor's  Scientific  Memoirs;  Espy*s  Philotopky  of 
Storms,  &c. 

WINNECKE'S  COMET.    See  Comet. 

WINTER.    See  Seasons. 

WINTER  CLIMATE.    See  Isocheimenal;  Isothermal;  Climate,  fto. 

WITHERITE.    See  Carbon;  Carbonate  of  Barium. 

WOLFRAM.    See  Tungsten. 

WOODBURY  TYPE.    See  Photographic  Engraving. 

WOOD  TIN.    Bee  Tin. 

WORK.  A  force  is  said  to  do  work  when  it  moves  the  body  to  which  it  is  applied,  sad  the 
work  is  measured  by  the  product  of  the  resistance  overcome  into  the  space  through  which  it  ia 
overcome.  The  amount  of  work  done  in  raising  a  weight  does  not  depend  only  on  the  weight, 
but  also  on  the  space  through  which  it  is  lifted.  (See  Foot-pound.)  When  work  is  done  by 
means  of  a  machine,  the  work  done  at  the  one  extremity  is  exactly  equal  to  that  applied  at  tiie 
other,  passive  resistances  such  as  friction  being  neglected.  Thus,  if  we  consider  a  lever  with 
arms  4  ft.  and  i  ft.  respectively,  we  find  that  a  power  of  I  lb.  will  support  a  weight  of  4  IbS'i 
but  if  the  weight  be  raised  I  ft.,  the  power  must  descend  through  4  ft,  so  that  the  work  done 
at  the  two  extremities  of  the  lever  is  the  same.  If  a  force  always  acts  in  a  direction  perpen- 
dicular to  the  direction  of  motion,  it  does  no  work  ;  thus  the  pressure  of  the  horizontal  pl^ne 
on  which  a  stone  is  rolling,  the  tension  of  a  cord  to  which  a  pendulum  bob  is  attached,  the 
attraction  of  the  sun  on  a  body  describing  a  circle  about  the  sun  as  centre,  are  all  examplefl  of 
forces  which  do  no  work.    (See  Energy;  and  Machine.) 

WORK  OF  THE  BODY.    See  Muscular  Power. 

WROUGHT  IRON.    See  Iran,  Malleable. 


XANTHIN.  A  name  applied  to  some  yellow  colouring  matters  of  vegetable  o"^^ 
Fr^y  and  Cloez  called  the  insoluble  yellow  colouring  matter  of  flowers  by  this  name ;  whilK 
Sohunck  and  Higgin  tised  it  to  designate  a  yellow  substance  from  madder.  , 

XANTHINE  or  XANTHIC  OXIDE.    An  organic  body  found  in  urinazy  conoetioiiB,  ana 


XYL  579  ZIN 

prepared  in  many  ways  from  animal  nibetances.    Its  formula  is  CbH4N^0^    It  is  a  white  sub- 
stance almost  insoluble  in  water  and  forming  crystallisable  oompounds  with  both  adds  and 


XYLENE  or  XYLOL,  a  hydrocarbon  homologoos  with  benzol  and  toluoL  Formula 
OgHi0.  It  is  a  colourless  liquid  of  a  faint  tarry  odour,  boiling  at  139**  C,  specific  gravity  0*86. 
Xylidine  (GgHi^N),  is  the  artificial  alkaloid,  homologous  with  aniline,  preptoed  from  xylol  by  a 
similar  series  of  reactions  to  those  employed  in  the  preparation  of  aniline  from  benzol. 


YEAR.  (Sanscrit  yrei,  to  surround.)  The  period  occupied  by  the  earth  in  completing  one 
circuit  of  her  orbit.  According  as  the  circuit  is  considered  with  reference  to  different  features 
of  the  orbit  the  length  of  the  year  varies.  Thus  there  are  the  following  different  orders  of 
year: — 

1.  The  Sidereal  Year,  This  is  the  mean  interval  occupied  by  the  earth  in  so  completing  a 
circuit  that  the  radial  line  from  the  sun  to  the  earth  points  to  exactly  the  same  part  of  the 
celestial  sphere  at  the  end  as  at  the  beginning  of  the  circuit.  Its  length  is  305d.  6h.  9m. 
9'6s. 

2.  The  Tropical  Tear,  is  the  mean  interval  ^parating  the  successive  passages  by  the  earth  of 
the  equinoctial  point  of  her  orbit.  As  this  point  is  continually  retrograding  (see  Precesiion  of 
Equinoxe»\  the  tropical  year  is  less  than  the  sidereal  year.  It  is  to  be  noticed  that  if  the 
tropical  year  were  measured  from  the  autumnal  equinox  or  from  either  solstice,  its  length  would 
not  be  precisely  the  same  as  when  it  is  measured  from  the  vernal  equinox,  because  of  the  vary- 
ing velocity  of  the  earth  in  her  orbit.    The  tropical  year  contains  365  d.  5  h.  48  m.  48*6  s. 

3.  The  Anomalittic  Year  is  the  interval  separating  sucoessive  passages  by  the  earth  of  the 
penhelion  of  her  orbit.  As  the  perihelion  is  continually  advancing,  the  anomalistic  year  is 
slightly  longer  than  the  sidereal  year  ;  its  mean  length  is  365d.  61l.  13m.  49'38. 

The  CivU  Year  is  the  year  of  tiie  Calendar,  (9>v.) 

The  Julian  Year  is  the  year  of  the  Julian  calendar,  or  365)  days. 

The  Lunar  Year  is  a  period  of  12  lunar  months,  or  354  days.  It  is  stQl  used  by  Jews  and 
Mohammedans. 

YTTRIUM.  A  rare  metallic  element,  the  basis  of  the  earth  Yttria,  and  associated  with 
Erbium  and  Terbium  (which  see).  Atomic  weight  617.  Symbol  Y.  Its  oompounds  are 
unimportant. 


ZAFFRE.  The  commercial  name  given  to  an  impure  oxide  of  cobalt  containing  lilioa.  It 
is  used  as  a  blue  colouring  agent  for  potteiy  purposes. 

ZAURAC.     (Arabic.)    The  star  y  of  the  constellation  Eridanus. 

Z A  VIJAVA.    (Arabic. )    The  star  /9  of  the  constellation  Virgo. 

ZENITH.    (Arabic.)    The  point  immediately  overhead. 

ZENITH  DISTANCE.  The  distance  of  a  star  from  the  senith ;  or  the  complement  of  its 
aUitude,  (q.v.) 

ZENITH  SECTOR.  An  instrument  of  great  importance  In  astronomical  observation.  It 
is  constructed  for  the  observation  of  stan  which  pass  dose  to  the  aenith,  and  measures  their 
nearest  approach  to  that  point.  At  this  time  the  place  of  such  stan  is  not  appreciably  affected 
by  refraction. 

ZERO,  ABSOLUTE.    See  Ahtolute  Zero  ef  Temperaiure. 

ZINC.  A  metallic  element  of  a  blmsh  white  colour;  somewhat  brittle  and  crystalli|ie, but 
malleable  when  hot,  and  tolerably  permanent  in  the  air.  Specific  gravity  between  6*9  and  7*2 ; 
it  melts  at  412'  C.  (773*  F.)  and  boils  at  a  full  red  heat,  burning  in  the  air  with  a  brilliant  flame. 
Atomic  weight  65.  Svmbol  Zn.  Owing  to  its  pennanenoe  in  the  air  it  is  much  used  for  slight 
buildinff  erections,  both  alone  and  as  a  protecting  coating  for  iron,  under  the  name  of  galvanised 
iron.  Zinc  dissolves  easily  in  acida  with  evolution  of  hydrogen,  and  is  largely  used  for  scientific 
purposes,  as  the  positive  element  of  galvanic  batteries,  and  for  preparing  hydrogen.  Zinc  forma 
one  oxide  (ZnO)  which  is  a  white  insoluble  powder  uniting  with  acids  to  form  sine  salts  (see 
the  respective  acids) ;  it  is  prepared  on  the  large  scale  for  use  as  a  piffment  under  Uie  name  of 
zinc  white,  and  is  superior  to  white  lead  in  not  blackening  with  sul|£urett6d  hydrogen,  and  in 
being  non-poisonous. 

ZINC  GLASS.    See  SiUeatet,  SOieaU  cf  Zim. 
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ZINC  VITRIOL.     See  Stdphateay  Zinc 

ZINC  WHITE.    See  Zinc, 

ZIRCONIA  LIGHT.     See  Lime  Light. 

ZIRCONIUM.  The  moiaUic  basis  of  the  rare  earth  zirconia.  Atomic  weight  89*6.  Symbol 
Zr.  Zireonia  (ZrO,),  is  a  hard  .white  powder  much  resembling  sUica.  When  ignited  in  the  oxy- 
hydrogen  blow-pipe,  zireonia  emits  an  intensely  brilliant  light,  and,  owing  to  its  non-TolatOi^ 
zireonia  cylinders  are  now  used  instead  of  lime  in  the  lime  light.  The  silicate  of  Zirocmia 
(ZrOfSiO,),  is  the  precious  stone  Zircon,  Jargon,  or  Ifyctcinth. 

ZODIAC..  a^ufduLKSsy  from  ^(6dtoy,  dim.  of  t^^t  '^  animal.)  An  imaginary  belt  on  the 
heavens  centrally  divided  by  the  ecliptic  on  either  side  of  which  it  extends  to  a  distance  of  9 
degrees.  It  is  divided  into  twelve  signs,  called  in  order  Aries,  Taurus;  Gemini,  Cancer,  Leo, 
Virgo,  Libra,  Scorpio,  Sagittarius,  Capricomus,  Aquarius,  and  Pisces.  (See  thiese  sevcrallj.) 
Much  discussion  has  taken  place  respecting  the  origin  of  the  zodiacal  sig^s  and  the  epoch  of 
their  invention  ;  but  the  subject  has  never  rewarded  its  investigators  with  any  result  worth  a 
tithe  of  the  pains  they- have  taken.  See  Dupuis,  Mimoirt  9ur  VOriginc  du  Zodiaque;  ISaillj^ 
Eistmre  de  VAatronomie  Aneienne. 

ZODIACAL  LIGHT.  In  astronomy  a  faint  light  of  a  lenticular  shape,  seen  along  the 
zodiac  near  the  place  of  •  the  sun  shortly  after  sunset  and  before  sunrise.  It  is  inclined  eight  or 
nine  degrees  to  the  ecliptic,  and  some  astronomers  consider  that  its  mean  plane  is  that  of  the 
sun^s  equator. 

It  has  been  shown  by  Laplace  that  the  zodiacal  light  cannot  be  a  solar  atmosphere.  No  solar 
atmosphere  could  extend  farther  than  one  third  of  the  way  towards  the  orbit  of  Mercorj, 
whereas  the  zodiacal  light  extends  farther  than  the  orbit  of  Venus,  if  not  beyond  the  orbit  of 
the  earth. 

The  hypothesis  usually  adopted  is  that  which  regards  the  zodiacal  light  as  consisting  of 
multitudes  of  minute  bodies  travelling  around  the  sun.  Though  separately  invisible  these 
bodies  would  be  collectively  visible  just  as  the  Milky  Way  can  be  seen,  though  not  its  component 
stars.  But  the  hypothesis  according  to  which  the  zodiacal  light  is  regarded  as  due  to  bodies 
travelling  in  nearly  circular  orbits  around  the  sun  can  hardly  be  admitted  in  the  face  of  what 
we  now  know  respecting  the  actual  motions  of  the  meteoric  systems.  (See  Meteors,  LuminouM,) 
Remembering  that  the  orbits  in  which  these  systems  revolve  are  for  the  most  part  very  eccentric^ 
and  extend  into  space  far  beyond  the  orbits  of  Saturn  and  Jupiter,  we  must  explain  the  perma- 
nence of  the  zodiacal  light  as  due  to  a  permanence  in  the  general  condition  of  that  portion  of 
space  the  light  belongs  to,  not  to  a  permanence  in  the  actual  constitution  of  the  systems  from 
which  the  light  comes.  Doubtless  the  meteors  which  at  any  one  time  supply  the  light,  pass  far 
away  presently  into  space.  But  as  their  place  is  supplied  by  others  the  zodiacal  light  remains. 
However,  it  cannot  but  be  seen  that  this  explanation  involves  the  recognition  of  the  possibility 
that  at  times  noteworthy  changes  may  take  place  in  the  appearance  of  the  zodiacal  light.  This 
accordingly  has  been  found  to  be  the  case. 

The  zodiacal  light  has  sometimes  been  seen  on  both  sides  of  the  heavens,  and  even  forming  a 
complete  arch  from  the  eastern  to  the  western  horizon.  This  corresponds  with  the  explanation 
we  have  here  given  ;  since  at  times  the  region  of  space  outside  the  earth's  orbit  might  be  so 
thickly  peopled  with  meteoric  bodies  (and  we  know  it  Ib  always  more  or  less  densely  strewn 
with  them),  as  to  send  light  even  from  those  parts  of  the  heavens  whence  usually  only  superior 
planets  in  opposition  reflect  light  to  ub« 

ZODIACAL  LIGHT,  SPECTRUM  OF.  The  spectrum  of  this  light  has  been  observed 
by  Angstrom,  who  found  it  to  be  almost  monochromatic,  exhibiting  a  single  brillant  band.  He 
supposes  it  to  be  identical  with  the  spectrum  of  the  Aurora  JBorealis  (which  see). 

ZOETROPE.     See  Persistence  of  Vision  and  Phenakistoscope, 

ZOSMA.    (Arabic.)    The  star  d  of  the  constellation  Leo. 

ZUBEN  EL  CHAMALI.    (Arabic.)    The  star  /3  of  the  constellation  libra. 

ZUBEN  EL  GENUBI.    (Arabic.)    The  star  a  of  the  constellation  Libra. 

ZUBEN  EL  HAERABI.     (Arabia)    The  star  y  of  the  constellation  libra. 


THI  END. 
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